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and a second metal M2 arranged in a stack . At least one of 
the first metal M1 and the second metal M2 can include a 
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METAL LAYOUT FOR RADIO - FREQUENCY M2 can be positioned above the first metal M1 . The second 
SWITCHES metal M2 can be separated from the first metal M1 by an 

electrically insulating layer , with the second metal M2 being 
CROSS - REFERENCE TO RELATED electrically connected with the first metal M1 by one or more 

APPLICATION ( S ) 5 conductive vias . The second metal M2 can have a substan 
tially constant width that is less than or equal to the width of 

This application is a divisional of U . S . application Ser . the first metal M1 . The second metal M2 can have a tapered 
No . 14 / 487 , 063 filed Sep . 15 , 2014 , entitled DEVICES AND profile between the proximal end and the distal end , with the 
METHODS RELATED TO RADIO - FREQUENCY proximal end having the widest dimension . The second 
SWITCHES HAVING REDUCED - RESISTANCE METAL 10 metal M2 can have a tapered portion between the proximal 
LAYOUT , which claims priority to and the benefit of the end and an intermediate location , and a straight portion 
filing date of U . S . Provisional Application No . 61 / 879 , 148 between the intermediate location and the distal end . 
filed Sep . 18 , 2013 , entitled DEVICES AND METHODS In some embodiments , at least one of the first metal M1 
RELATED TO RADIO - FREQUENCY SWITCHES HAV - and the second metal M2 can be configured such that the 
ING REDUCED - RESISTANCE METAL LAYOUT , the 15 higher current carrying capacity is achieved without a sig 
benefits of the filing dates of which are hereby claimed and nificant degradation in off - state capacitance . At least one of 
the disclosures of which are hereby expressly incorporated the first metal M1 and the second metal M2 can have a 
by reference in their entirety . tapered profile between the proximal end and the distal end , 

with the proximal end having the widest dimension . At least 
BACKGROUND 20 one of the first metal M1 and the second metal M2 can have 

a tapered portion between the proximal end and an inter 
Field mediate location , and a straight portion between the inter 
The present disclosure generally relates to radio - fre - mediate location and the distal end . 

quency switches having reduced - resistance metal layout . In some embodiments , the first metal M1 and the second 
Description of the Related Art 25 metal M2 can be formed from different metals . In some 
In antenna tuning or some other switching applications embodiments , the first metal M1 and the second metal M2 

such as radio - frequency ( RF ) switches and passive compo - can be formed from substantially the same metal . In some 
nents , a plurality of switching elements ( e . g . , field - effect embodiments , the FET can be a silicon - on - insulator ( SOI ) 
transistors ( FET ) ) can be used as passive components . They device . 
are commonly arranged in a stack configuration to facilitate 30 According to a number of implementations , the present 
appropriate handling of power . For example , a higher FET disclosure relates to a radio - frequency ( RF ) switching 
stack height can be utilized to allow an RF switch to device that includes a first terminal and a second terminal , 
withstand high power under mismatch . and a plurality of field - effect transistors ( FETs ) arranged in 

series to form a stack . One end of the stack is electrically 
SUMMARY 35 connected to the first terminal and the other end of the stack 

electrically connected to the second terminal . Each of at 
In some implementations , the present disclosure relates to least some of the FETs includes a plurality of fingers 

a field - effect transistor ( FET ) device that includes a plurality arranged in an interleaved configuration such that a first 
of fingers arranged in an interleaved configuration such that group of the fingers are electrically connected to a source 
a first group of the fingers are electrically connected to a 40 contact and a second group of the fingers are electrically 
source contact and a second group of the fingers are elec - connected to a drain contact . At least some of the fingers 
trically connected to a drain contact . At least some of the have a current carrying capacity that varies as a function of 
fingers have a current carrying capacity that varies as a location along a direction in which the fingers extend to 
function of location along a direction in which the fingers yield a reduced ON - resistance ( Ron ) of the FET . 
extend . 45 In a number of teachings , the present disclosure relates to 

In some embodiments , the current carrying capacity can a semiconductor die that includes a semiconductor substrate 
be higher at a proximal end of a given finger than at a distal a plurality of field - effect transistors ( FETs ) formed on the 
end of the finger , with the proximal end being adjacent to a semiconductor substrate . The FETs are arranged in series to 
respective source or drain contact . The current carrying form a stack , with each of at least some of the FETS 
capacity can decrease in one or more steps . The current 50 including a plurality of fingers arranged in an interleaved 
carrying capacity can vary continuously for a portion of the configuration such that a first group of the fingers are 
length of the finger . electrically connected to a source contact and a second 

In some embodiments , the finger can include a first metal group of the fingers are electrically connected to a drain 
M1 that extends substantially the entire length of the finger . contact . At least some of the fingers have a current carrying 
The first metal M1 can have a tapered profile such that the 55 capacity that varies as a function of location along a direc 
proximal end has a wider dimension than the distal end . The tion in which the fingers extend to yield a reduced ON 
tapered profile can extend from the proximal end to the distal resistance ( Ron ) of the FET . 
end . According to some implementations , the present disclo 

In some embodiments , the finger can further include a sure relates to a method for fabricating a radio - frequency 
second metal M2 that extends from the proximal end to a 60 ( RF ) switching device . The method includes providing a 
selected location along the direction . The second metal M2 semiconductor substrate . The method further includes form 
can be electrically connected to the first metal M1 to yield i ng a plurality of field - effect transistors ( FETs ) on the 
the higher current carrying capacity near the proximal end . semiconductor substrate , with each of at least some of the 
The second metal M2 can be configured such that the higher F ETs including a plurality of fingers arranged in an inter 
current carrying capacity is achieved without an increase in 65 leaved configuration such that a first group of the fingers are 
a dimension of the first metal M1 . The dimension of the first electrically connected to a source contact and a second 
metal M1 can include a width of the finger . The second metal group of the fingers are electrically connected to a drain 
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contact . At least some of the fingers have a current carrying FIG . 5 shows that in some embodiments , one or more 
capacity that varies as a function of location along a direc - features of the present disclosure can be implemented in one 
tion in which the fingers extend to yield a reduced ON - or more FETs having a finger configuration . 
resistance ( Ron ) of the FET . The method further includes FIG . 6 shows that a plurality of FETs having one or more 
connecting the FETs in series to form a stack . 5 features as described herein can be arranged in series so as 

In some implementations , the present disclosure relates to to yield a stack configuration . 
a radio - frequency ( RF ) switching module that includes a FIG . 7 shows an example where fingers extend along an 
packaging substrate configured to receive a plurality of x - axis from source / drain contacts . 
components . The module further includes a die mounted on FIG . 8 shows that in some embodiments , variable con the packaging substrate . The die includes a switching circuit 10 due ductance associated with a finger can be implemented in having a plurality of field - effect transistors ( FETs ) con different ways . 
nected in series to form a stack . Each of at least some of the FIG . 9 shows that in some embodiments , increased FETs includes a plurality of fingers arranged in an inter conductance configurations can be implemented such that leaved configuration such that a first group of the fingers are the overall layout area of a FET is either maintained or even electrically connected to a source contact and a second 15 reduced . group of the fingers are electrically connected to a drain 
contact . At least some of the fingers have a current carrying FIG . 10 shows a plan view of a metal layout configuration 
capacity that varies as a function of location along a direc where an M2 metal can be implemented over an M1 metal 
tion in which the fingers extend to yield a reduced ON finger . 
resistance ( Ron ) of the FET . 20 FIG . 11A shows a side view of the M2 metal implemented 

In accordance with some implementations , the present over the M1 metal , with a proximal end relative to a 
disclosure relates to a wireless device that includes a trans - source / drain contact . 
mitter and a power amplifier in communication with the FIG . 11B shows that in some embodiments , the M2 metal 
transmitter . The power amplifier is configured to amplify an can be implemented as a layer separated from the M1 metal 
RF signal generated by the transmitter . The wireless device 25 layer . 
further includes an antenna configured to transmit the ampli - FIGS . 12A - 12C show cross - sectional views of different 
fied RF signal . The wireless device further includes a examples of how the width and / or lateral position of the M2 
switching circuit configured to route the amplified RF signal metal can be configured relative to the M1 metal . 
from the power amplifier to the antenna . The switching FIG . 13 shows a plan view of a metal layout configuration 
circuit includes a plurality of field - effect transistors ( FETs ) 30 where an M2 metal can be implemented over an M1 metal 
connected in series to form a stack . Each of at least some of of a source / drain contact . 
the FETs includes a plurality of fingers arranged in an FIGS . 14A - 14D show sectional views of examples of how 
interleaved configuration such that a first group of the M2 of FIG . 13 can be configured relative to M1 . 
fingers are electrically connected to a source contact and a FIG . 15 shows an example configuration where an M2 
second group of the fingers are electrically connected to a 35 metal having an increased width is shown to be electrically 
drain contact . At least some of the fingers have a current connected to an M2 metal implemented over an M1 metal of 
carrying capacity that varies as a function of location along a finger feature . 
a direction in which the fingers extend to yield a reduced FIG . 16A shows an example configuration where an M2 
ON - resistance ( Ron ) of the FET . metal having an increased width is shown to be electrically 

For purposes of summarizing the disclosure , certain 40 connected to a tapered M2 metal implemented over an M1 
aspects , advantages and novel features of the inventions metal of a finger feature . 
have been described herein . It is to be understood that not FIG . 16B shows an example configuration where an M2 
necessarily all such advantages may be achieved in accor - metal having an increased width is shown to be electrically 
dance with any particular embodiment of the invention . connected to an M2 metal implemented over a tapered M1 
Thus , the invention may be embodied or carried out in a 45 metal of a finger feature . 
manner that achieves or optimizes one advantage or group of FIG . 16C shows an example configuration where an M2 
advantages as taught herein without necessarily achieving metal having an increased width is shown to be electrically 
other advantages as may be taught or suggested herein . connected to a tapered M2 metal implemented over a 

tapered M1 metal of a finger feature . 
BRIEF DESCRIPTION OF THE DRAWINGS 50 FIG . 16D shows that in some embodiments , an M1 metal 

alone can be configured to provide one or more features as 
FIG . 1 depicts a radio - frequency ( RF ) switch that includes described herein . 

a field - effect transistor ( FET ) stack having one or more FIG . 17A shows an example configuration where an M2 
features as described herein . metal having an increased width is shown to be electrically 

FIG . 2 depicts a FET having a gate coupled to a gate node 55 connected to a partially tapered M2 metal implemented over 
G , a source coupled to an input node through first and second an M1 metal of a finger feature . 
metals ( M1 and M2 ) , and a drain coupled to an output node FIG . 17B shows an example configuration where an M2 
through first and second metals ( M1 and M2 ) . metal having an increased width is shown to be electrically 

FIG . 3 shows a circuit representation of resistances R and connected to an M2 metal implemented over a partially 
R ' that can be provided by M1 and M2 between an In / Out 60 tapered M1 metal of a finger feature . 
node and a source / drain of a FET , and a drain / source of the FIG . 17B shows an example configuration where an M2 
FET and an Out / In node , respectively . metal having an increased width is shown to be electrically 

FIG . 4 shows that in some situations electrical connection connected to a partially tapered M2 metal implemented over 
features can also yield inductances L and L ' provided by M1 a partially tapered M1 metal of a finger feature . 
and M2 between the In / Out node and the source / drain of the 65 FIG . 17D shows that in some embodiments , an M1 metal 
FET , and the drain / source of the FET and the Out / In node , alone can be configured to provide one or more features as 
respectively . described herein . 
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FIG . 18 shows a process that can be implemented to all FETs have the same value of Ron _ single _ FET . For the 
fabricate a FET device having one or more features as voltage handling capability , the total voltage handling 
described herein . capacity ( Vhandling ) of the stack is typically much less than 

FIG . 19 shows an example of an RF switch having a stack the product of the stack height ( stack height ) and the 
of a plurality of FETs . 5 voltage handling capacity of a single FET ( Vhandling _ sin 

FIG . 20 shows an example RF switch where the FETs can gle _ FET ) . Thus , in some situations , Ron can degrade faster 
be implemented to include one or more features as described than the voltage handling improvement . 
herein . In many FET - based devices such as an RF switching 

FIG . 21 depicts an RF switch configured to switch one or stack , designs call for lowest Ron devices possible . For 
more signals between one or more poles and one or more 10 example , a lower Ron value can facilitate matching network 
throws . designs with lower energy loss . However , with smaller 

FIG . 22 shows that in some embodiments , the RF switch packages , very low Ron designs are not feasible or practical . 
of FIG . 21 can include an RF core and an energy manage - If the size of a FET increases , Ron typically decreases . 
ment ( EM ) core . However , at certain point , the FET size cannot be increased 

FIG . 23 shows a more detailed example configuration of 15 anymore without impacting other important parameters . 
the RF core of FIG . 22 , implemented in an example SPDT As described herein , one or more features of the present 
( single - pole double - throw ) configuration . disclosure can allow reduction of the total Ron while main 

FIG . 24 shows an example where the SPDT configuration taining or improving other desirable features . For example , 
of FIG . 23 is implemented with a stack of FETs for each of device size of a FET having one or more features as 
a series arm and a shunt arm associated with each of the two 20 described herein can be maintained or even reduced . 
throws . FIG . 1 schematically shows an RF switch 100 having a 

FIG . 25 shows that FETs having one or more features as FET stack 200 having one or more features as described 
described herein can be controlled by a circuit configured to herein . Various examples of such features are described 
provide bias and / or coupling functionality . herein in greater detail . 

FIG . 26 shows examples of how biasing and / or coupling 25 For the purpose of description , it will be understood that 
of different parts of one or more FETs can be implemented . FETs can include , for example , metal - oxide - semiconductor 

FIGS . 27A and 27B show plan and side sectional views of FETS ( MOSFETs ) such as SOI MOSFETs . It will also be 
an example finger - based FET device implemented on sili - understood that FETs as described herein can be imple 
con - on - insulator ( SOI ) . mented in other process technologies , including but not 

FIGS . 28A and 28B show plan and side sectional views of 30 limited to HEMT , SOI , silicon - on - sapphire ( SOS ) , and 
an example multiple - finger FET device implemented on CMOS technologies . It will also be understood that one or 
SOI . more features of the present disclosure can also be imple 

FIGS . 29A - 29D show non - limiting examples of how one mented in other types of transistors and / or other types of 
or more features of the present disclosure can be imple switching devices . 
mented on one or more semiconductor die . 35 FIG . 2 schematically depicts a FET 300 having a gate 

FIGS . 30A and 30B show that one or more die having one coupled to a gate node G , a source coupled to an input node 
or more features described herein can be implemented in a through first and second metals ( M1 and M2 ) , and a drain 
packaged module . coupled to an output node through first and second metals 

FIG . 31 shows a schematic diagram of an example ( M1 and M2 ) . In some embodiments , the source and the 
switching configuration that can be implemented in a mod - 40 drain , and thus their respective nodes , can be operated in 
ule such as the example of FIGS . 30A and 30B . reverse . Hence , the input on the left side can function as an 

FIG . 32 depicts an example wireless device having one or output , and the output on the right side can function as an 
more advantageous features described herein . input . 

Described herein are various examples of how the second 
DETAILED DESCRIPTION OF SOME 45 metal M2 can be configured in conjunction with the first 

EMBODIMENTS metal M1 to yield desirable features such as reduced resis 
tance between the input and output nodes . For example , 

The headings provided herein , if any , are for convenience when the FET is in an ON state , reduced resistance associ 
only and do not necessarily affect the scope or meaning of ated with M1 and M2 , combined with the intrinsic Ron value 
the claimed invention . 50 of the FET , can yield such a reduced resistance between the 

In antenna tuning or some other switching applications input and output nodes . Also described herein are examples 
such as radio - frequency ( RF ) switches and passive compo - of how the first metal M1 itself can be configured to provide 
nents , a plurality of switching elements ( e . g . , field - effect one or more desirable features , with or without the second 
transistors ( FET ) ) can be used as passive components . They metal M2 
are commonly arranged in a stack configuration to facilitate 55 FIG . 3 shows a circuit representation of resistances Rand 
appropriate handling of power . For example , a higher FET R ' that can be provided by M1 and M2 between an In / Out 
stack height can be utilized to allow an RF switch to node and a source / drain of a FET 300 , and a drain / source of 
withstand high power under mismatch . the FET 300 and an Out / In node , respectively . As described 

Such higher number of FETs can be arranged in series to herein , M1 and M2 can be configured so as to provide reduce 
meet the voltage handling requirements when the FETs are 60 resistance values for R and / or R ' . In some embodiments , 
in an OFF state . However , such an increase in the number of such reduced resistance values can be achieved without 
FETs may not be ideal in some situations . For example , increasing the overall area of the FET 300 and its related 
degradation in ON - resistance ( Ron ) performance can occur electrical connection features such as M1 features . In some 
when the FETs are in an ON state . It is noted that the total embodiments , such an overall area can even be reduced 
ON - resistance ( Ron _ total ) of the stack is approximately 65 while providing desired resistance values for R and R ' . 
equal to the stack height ( stack _ height ) times the ON - In various examples described herein , it will be assumed 
resistance of a single FET ( Ron _ single _ FET ) , assuming that that resistances R and R ' are generally the same . However , 
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L ' . 

it will be understood that R and R ' can be different . For In some embodiments , a finger ( e . g . , 302 , 303 ) can be 
example , R can be greater than R ' , or R can be less than R ' . . configured to provide a varying conductance profile to 

Various examples herein are described in the context of provide improved flow of current . Such a varying conduc 
resistance values R and R ' associated with electrical con tance profile can be implemented in different ways , includ 
nection features for the source and drain of a FET ( e . g . , 300 5 ing , for example , providing an additional pathway above an 
in FIG . 3 ) . In some situations , and as shown in FIG . 4 , such M1 finger structure at one or more selected locations . In 
electrical connection features can also yield inductances L some embodiments , such an additional pathway can include , 
and L ' provided by M1 and M2 between the In / Out node and for example , a thicker M1 finger structure at such selected 
the source / drain of the FET 300 , and the drain / source of the location ( s ) , a shaped M1 structure , and / or an additional 
FET 300 and the Out / In node , respectively . 10 metal layer such as an M2 structure . In some embodiments , 

In some embodiments , M1 and M2 can be configured so such an additional pathway can be configured while gener 
as to provide desired inductance values for L and / or L ' . In ally retaining the same M1 finger layout footprint . 
some embodiments , such desired inductance values can be FIGS . 8 - 12 show various examples associated with finger 
achieved without increasing the overall area of the FET 300 features having the foregoing variable conductance profiles . 
and its related electrical connection features such as M1 15 FIGS . 13 and 14 shows that in some embodiments , increased 
features . In some embodiments , such an overall area can conductance ( e . g . , by an additional metal layer such as an 
even be reduced while providing desired inductance values M2 structure ) can be provided for the source / drain contacts 
for L and L ' . In some embodiments , L can be approximately ( e . g . , M1 structures ) so as to accommodate the increased 
the same as L ' , L can be greater than L ' , or L can be less than conductance of a plurality of the foregoing fingers . FIGS . 

20 15 - 17 show non - limiting examples of configurations that 
FIG . 5 shows that in some embodiments , one or more show both of the increased conductance capabilities of the 

features of the present disclosure can be implemented in one fingers and the source / drain contacts . 
or more FETs having a finger configuration . In FIG . 5 , a FIG . 8 shows that a variable conductance associated with 
plurality of FETs 300a , 300b , etc . are shown to be arranged a finger can be implemented in different ways . For the 
in series . Although described in such a context , it will be 25 purpose of description , suppose that the x - axis of FIG . 8 
understood that one or more features of the present disclo - represents the example x - direction of the example finger 302 
sure can also be implemented in a single FET . of FIG . 7 . For such a finger , there is relatively little current 

In the example shown in FIG . 5 , an M1 feature 304 on the at or near the distal end ( on the right side ) , and more current 
right side of each FET ( e . g . , 300a ) can function as a source at or near the proximal end ( on the left side connected to the 
contact , and an M1 feature 301 on the left side can function 30 source / drain contact 301 . For the purpose of description , 
as a drain contact . It will be understood that the FET can be suppose such a current density varies as a function of x as 
operated in reverse , such that M1 feature 301 functions as a depicted by a curve 310 . 
source , and M1 feature 304 functions as a drain . As further shown in FIG . 8 , if the finger 302 has a uniform 

In the example shown in FIG . 5 , the drain contact 301 can cross - sectional shape , its conductance GO or current - carry 
be function as an output ( e . g . , an RF output ) of the FETs 35 ing capacity can be generally uniform along its length . 
arranged in series . The source contact 304 can be electrically Towards the distal end where there is relatively little current , 
connected to a drain contact of the FET 300b . Similarly , the such a uniform current - carrying capacity may be sufficient . 
source contact of the FET 300b can be electrically connected However , towards the proximal end where there is more 
to a drain contact of the next FET , and so on . current , such a uniform current - carrying capacity may not be 

In a given FET ( e . g . , 300a ) , a plurality of finger features 40 sufficient . In FIG . 8 , a portion indicated as 311 can be the 
303 are shown to be electrically connected to the source actual current that needs to be carried , but is not due to the 
contact 304 , and a plurality of finger features 302 are shown uniform current - carrying capacity . In terms of resistance , 
to be electrically connected to the drain contact 301 . The such a uniform current - carrying capacity translates to a 
foregoing two sets of finger features 303 , 302 are shown to uniform resistance as a function of x . Overall , the example 
be arranged in an interleaved configuration with each other . 45 finger having the uniform cross - sectional shape can have a 
As is generally understood , a gate feature 305 can be resistance value that is higher than desired 
provided in the spaced between the interleaved finger fea - FIG . 8 shows non - limiting examples of how conductance 
tures 303 , 302 associated with the source and drain contacts associated with a finger 302 can be configured to vary as a 
304 , 301 . function of distance from its corresponding source / drain 

In some embodiments , a second metal ( M2 ) can be 50 contact ( e . g . , 301 in FIG . 7 ) . In each of the examples , the 
provided for the fingers 303 , 302 and / or the source / drain foregoing current distribution along the x - direction is 
contacts 304 , 301 . Various examples of such M2 configu - assumed . 
rations are described herein in greater detail . In an example , a conductance profile G1 can include two 

FIG . 6 shows that a plurality of FETs having one or more or more conductance values , with each conductance value 
features as described herein can be arranged in series ( such 55 being generally uniform in a corresponding range of x . For 
as the example of FIG . 5 ) so as to yield a stack configuration example , a region near the proximal end of the finger can 
200 . In FIG . 6 , the example stack 200 is shown to include have a higher uniform conductance value than a uniform 
N of such FETs ( e . g . , finger - configuration FETs ) ( FET _ 1 , conductance value near the distal end . An example of such 
FET _ 2 , . . . , FET _ N ) . In some embodiments , some or all of a configuration is described herein in greater detail . 
such FETs can include one or more features associated with 60 In another example , a conductance profile G2 can include 
reduced - resistance as described herein . a continuous - curve profile . Such a curve can have a higher 

For the purpose of describing various examples , suppose value near the proximal end of the finger , and decrease in 
that a fingers of a FET extend along , for example , an value towards the distal end . An example of such a configu 
x - direction . In an example shown in FIG . 7 , a finger 302 is ration is described herein in greater detail . 
shown to extend along an x - axis from a source / drain contact 65 In yet another example , a conductance profile G3 can 
301 . Similarly , a finger 303 is shown to in a direction parallel include a combination of a continuously - varying portion and 
to the x - axis from a drain / source contact 304 . a uniform portion . Such a continuously - varying portion can 
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have a higher value near the proximal end of the finger , and contact layers 301 by one or more conductive vias 334 . The 
decrease in value as x increases ; and at some selected value space between the two separated M1 and M2 metal layers 
of x , conductance value can be generally uniform . An 301 , 331 can be occupied by , for example , an electrically 
example of such a configuration is described herein in insulating layer such as a dielectric layer . 
greater detail . 5 FIG . 14A shows that in some embodiments , the M2 metal 

FIG . 9 shows that in some embodiments , the foregoing layer 331 can have a width dimension ( d9 ) that is less than 
increased - conductance configurations can be implemented the width ( d8 ) of the M1 metal layer 301 . In FIG . 14A , the 
such that the overall layout area ( A1 , A2 , A3 corresponding M2 metal layer 331 is shown to have a thickness of d10 . 
to G1 , G2 , G3 of FIG . 8 ) of the FET ( 300 ' ) is either FIG . 14B shows that in some embodiments , the M2 metal 
maintained ( relative to area A0 corresponding to GO in FIG . 10 layer 331 can have a width ( d11 ) that is greater than the 
8 ) or even reduced . width ( 08 ) of the M1 metal layer 301 . In some situations , 

FIG . 10 shows a plan view of a metal layout configuration such a wider - than - M1 dimension for M2 can be imple 
320 where an M2 metal 322 can be implemented over an M1 mented , since finger - to - finger coupling is likely not affected 
metal finger 302 . The M1 finger 302 is shown to be coupled much by such a configuration . In some embodiments , the 
to a source / drain contact 301 . Similarly , an M2 metal 323 15 width of the M2 metal layer 331 can also be approximately 
can be implemented over an M1 metal finger 303 which is same as the M1 metal layer 301 . 
coupled to a drain / source contact 304 . Sectional views FIG . 14C shows that in some embodiments , the thickness 
shown in FIGS . 11 and 12 are some non - limiting examples ( d12 ) of the M2 metal layer 332 can vary . For example , if the 
of how M2 can be configured relative to Mi . lateral dimension expansion is not practical beyond some 

FIG . 11A shows a side view of the M2 metal 322 20 threshold value , current - carrying capacity of the source / 
implemented over the M1 metal 302 ( having a length di drain contact can be still be improved by increasing the 
along the x - direction ) , with the left side being the proximal thickness of the M2 metal layer 332 . 
end ( relative to the source / drain contact 301 ) . In some FIG . 14D shows that in some embodiments , an additional 
embodiments , the proximal end of the M2 metal 322 can be metal layer 335 can be added over the M2 metal layer 331 
at a location that is at or close to the location of the proximal 25 to provide , for example , additional current carrying capacity . 
end of the M1 metal 302 . The length of the M2 metal 322 The dimensions of the additional metal layer 335 can be 
is shown to have a length dimension d2 ; and such a varied in a similar manner as the M2 metal layer 331 as 
dimension can vary along the x - direction . The M2 metal 322 described herein . 
is also shown to have a thickness dimension d3 ; and such a FIGS . 15 - 17 show examples where one or more features 
dimension can also vary . 30 described in reference to FIGS . 7 - 12 can be combined with 

FIG . 11B shows that in some embodiments , the M2 metal one or more features described in reference to FIGS . 13 and 
322 can be implemented as a layer separated from the M1 14 . For the purpose of description of FIGS . 15 - 17 , it will be 
metal layer 302 . Such separated M1 and M2 metal layers assumed that an M2 metal 331 is wider than an M1 metal of 
302 , 322 can be electrically connected by one or more the source / drain contact 301 to accommodate the increased 
conductive vias 324 or other electrical connection features . 35 current carrying capacities of the associated finger features 
In some embodiments , such conductive vias can be config - 302 . Because such an increased - width M2 extends in a 
ured ( e . g . , number , placement , and / or dimensions of vias ) to direction that is generally perpendicular to the fingers , its 
facilitate , for example , improved current capacity provided coupling effects such as mutual inductance with the fingers 
by a combination of M1 and M2 . In some embodiments , the can remain unchanged or change relatively little at an 
space between the two separated M1 and M2 metal layers 40 acceptable level . It will be understood that other configura 
302 , 322 can be occupied by , for example , an electrically tions of M2 can also be utilized . 
insulating layer such as a dielectric layer . Example 1 : 
FIGS . 12A - 12C are cross - sectional views of different In an example configuration 340 of FIG . 15 , the M2 metal 

examples of how the width and / or lateral position of the M2 331 having an increased width is shown to be electrically 
metal 322 can be configured relative to the M1 metal 302 45 connected to an M2 metal 322 implemented over the M1 
( having width 04 ) . As shown in the example of FIG . 12A , metal of a finger feature 302 . In the example , the M2 metal 
the width ( 45 ) of M2 322 can be less than the width ( d4 ) of 322 can be configured as described herein ( e . g . , in FIGS . 
M1 302 . 10 - 12 ) , and such a configuration can yield a current carrying 

In the example of FIG . 12B , the width ( d6 ) of M2 322 can capacity profile similar to G1 described in reference to FIG . 
be approximately same as the width ( d4 ) of M1 302 . In some 50 8 . 
embodiments , the width of M2 322 can be greater than the Example 2 : 
width of M1 302 ; and such a configuration can be imple In an example configuration 342a of FIG . 16A , the M2 
mented without significant degradation in performance asso metal 331 having an increased width is shown to be elec 
ciated with capacitive coupling with , for example , a neigh trically connected to an M2 metal 344a implemented over 
boring M2 and / or M1 . 55 the M1 metal of a finger feature 302a . In the example , the 

In each of the examples of FIGS . 12A and 12B , M2 322 M2 metal 344a can be configured as described herein ( e . g . , 
is shown to be generally centered relative to M1 302 . in FIGS . 10 - 12 ) , and such a configuration can yield a current 
However , and as shown in the example of FIG . 12C , M2 322 carrying capacity profile similar to G2 described in reference 
( whether or not having same width as M1 302 ) can be to FIG . 8 . 
laterally offset ( e . g . , by an amount d7 ) from M1 302 . 60 More particularly , the M2 metal 344a is shown to include 

FIG . 13 shows a plan view of a metal layout configuration a gradual taper where the width of M2 344a decreases 
330 where an M2 metal 331 can be implemented over an M1 gradually from the proximal end to the distal end . In some 
metal of a source / drain contact 301 . Sectional views shown embodiments , the width of M2 344a at the proximal end can 
in FIGS . 14A - 14D are some non - limiting examples of how be greater than the width of the M1 metal 302a . In some 
M2 of FIG . 13 can be configured relative to M1 . In the 65 embodiments , the width of M2 344a at the distal end can be 
examples of FIGS . 14A - 14D , the M2 metal layers 331 can less than the width of the M1 metal 302a . Further , and as 
be electrically connected to their respective source / drain shown in FIG . 16A , the M2 metal 344a can extend along the 



US 9 , 852 , 978 B2 
12 

X - axis , such that some of the distal end portion overlaps in tapered portion is shown to have a width that decreases 
X - direction with a neighboring finger ' s M2 metal . gradually from the proximal end to an intermediate x - loca 

In another example configuration 342b of FIG . 16B , the tion at which the fixed - width portion begins . In some 
M2 metal 331 having an increased width is shown to be embodiments , the width of M2 348a at the proximal end can 
electrically connected to an M2 metal 344b implemented 5 be greater than the width of the M1 metal 302a . In some 
over the M1 metal of a finger feature 302b . In the example , embodiments , the fixed width of M2 348 can be approxi 
M1 and / or M2 metal ( s ) 302b / 344b can be configured as mately the same as the width of the M1 metal 302a . 
described herein ( e . g . , in FIGS . 10 - 12 ) , and such a configu In another example configuration 346b of FIG . 17B , the 
ration can yield a current carrying capacity profile similar to M2 metal 331 having an increased width is shown to be 
one or more examples described in reference to FIG . 8 . 10 electrically connected to an M2 metal 348b implemented 
More particularly , the M1 metal 302b is shown to include over the M1 metal of a finger feature 302b . In the example , 

a gradual taper where the width of M1 302b decreases the M2 metal 348b can be configured as described herein 
gradually from the proximal end to the distal end . In some ( e . g . , in FIGS . 10 - 12 ) , and such a configuration can yield a 
embodiments , the width of M1 302b at the proximal end can current carrying capacity profile similar to one or more 
be greater than the width of the M2 metal 344b . In some 15 examples described in reference to FIG . 8 . 
embodiments , the width of M1 302b at the distal end can be More particularly , the M1 metal 302b is shown to include 
less than the width of the M2 metal 344b . a tapered portion followed by a fixed - width portion . The 

In yet another example configuration 342c of FIG . 16C , tapered portion is shown to have a width that decreases 
the M2 metal 331 having an increased width is shown to be gradually from the proximal end to an intermediate x - loca 
electrically connected to an M2 metal 344c implemented 20 tion at which the fixed - width portion begins . In some 
over the M1 metal of a finger feature 302c . In the example , embodiments , the width of M1 302b at the proximal end can 
M1 and / or M2 metal ( s ) 302c / 344c can be configured as be greater than the width of the M2 metal 348b . In some 
described herein ( e . g . , in FIGS . 10 - 12 ) , and such a configu - embodiments , the fixed width of M1 302b can be approxi 
ration can yield a current carrying capacity profile similar to mately the same as the width of the M2 metal 348b . 
one or more examples described in reference to FIG . 8 . 25 In yet another example configuration 346c of FIG . 17C , 
More particularly , the M1 metal 302c is shown to include the M2 metal 331 having an increased width is shown to be 

a gradual taper where the width of M1 302c decreases electrically connected to an M2 metal 348c implemented 
gradually from the proximal end to the distal end . Similarly , over the M1 metal of a finger feature 302c . In the example , 
the M2 metal 344c is shown to also include a gradual taper the M2 metal 348c can be configured as described herein 
where the width of M2 344c decreases gradually from the 30 ( e . g . , in FIGS . 10 - 12 ) , and such a configuration can yield a 
proximal end to the distal end . current carrying capacity profile similar to one or more 

Typically , modifications to M1 metals to reduce their examples described in reference to FIG . 8 . 
resistance loss can result in degradation of off - state capaci - More particularly , the M1 metal 302c is shown to include 
tance ( Coff ) . However , in the examples of FIGS . 16B and a tapered portion followed by a fixed - width portion . The 
16C , the resulting reductions in on - resistance ( Ron ) can be 35 tapered portion is shown to have a width that decreases 
achieved without significant penalty in Coff . gradually from the proximal end to an intermediate x - loca 

In some embodiments , the taper of the M1 and / or M2 tion at which the fixed - width portion begins . Similarly , the 
metal ( s ) 302 / 344 described in reference to FIGS . 16A - 16C M 2 metal 348c is shown to include a tapered portion 
can be implemented so as to yield a smooth current carrying followed by a fixed - width portion . The tapered portion is 
capacity profile between its proximal and distal ends . For the 40 shown to have a width that decreases gradually from the 
combination of M1 302 and M2 344 , there may or may not proximal end to an intermediate x - location at which the 
be a non - smooth transition in the current carrying capacity fixed - width portion begins . In some embodiments , the width 
profile at or near the x - location corresponding to the distal of M1 302c at the proximal end can be greater than the width 
end of M2 . of the fixed - width portion of the M2 metal 348c . In some 

FIG . 16D shows that in some embodiments , a configu - 45 embodiments , the width of M2 348c at the proximal end can 
ration 342d can include an M1 metal of a finger feature 302d be greater than the width of the fixed - width portion of the 
( connected to a source / drain contact 301 ) configured to yield M1 metal 302c . In some embodiments , the fixed - width 
a desirable current carrying capacity profile as described portion of M1 302c can be approximately the same as the 
herein , such that it can be utilized with or without an M2 fixed - width of M2 348c . 
metal . In the example of FIG . 16D , the M1 metal of the 50 Typically , modifications to M1 metals to reduce their 
finger feature 302d is shown to have a gradual taper similar resistance loss can result in degradation of off - state capaci 
to the example described in reference to FIGS . 16B and 16C , tance ( Coff ) . However , in the examples of FIGS . 17B and 
and be utilized without an M2 metal . It will be understood 17C , the resulting reductions in on - resistance ( Ron ) can be 
that the M1 metal of the finger feature 302d can also be achieved without significant penalty in Coff . 
implemented in other configurations when utilized without 55 In some embodiments , the tapered portion of the M1 
an M2 metal . and / or M2 metal ( s ) 302 / 348 described in reference to FIGS . 
Example 3 : 17A - 17C can be implemented so as to yield a smooth current 

In an example configuration 346a of FIG . 17A , the M2 carrying capacity profile . For the combination of M1 302 
metal 331 having an increased width is shown to be elec - and M2 348 , there may be a non - smooth transition in the 
trically connected to an M2 metal 348a implemented over 60 current carrying capacity profile at or near the intermediate 
the M1 metal of a finger feature 302a . In the example , the x - location where the tapered portion meets with the fixed 
M2 metal 348a can be configured as described herein ( e . g . , width portion , as well as a or near the x - location correspond 
in FIGS . 10 - 12 ) , and such a configuration can yield a current ing to the distal end of M2 . 
carrying capacity profile similar to G2 described in reference FIG . 17D shows that in some embodiments , a configu 
to FIG . 8 . 65 ration 346d can include an M1 metal of a finger feature 302d 
More particularly , the M2 metal 348a is shown to include ( connected to a source / drain contact 301 ) configured to yield 

a tapered portion followed by a fixed - width portion . The a desirable current carrying capacity profile as described 
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herein , such that it can be utilized with or without an M2 a stack configuration . In block 373 , interleaved fingers for 
metal . In the example of FIG . 17D , the M1 metal of the source and drain contacts can be formed with a first metal 
finger feature 302d is shown to include a tapered portion M1 . In block 374 , a second metal layer M2 can be formed 
followed by a fixed - width portion similar to the example over selected portions of M1 to decrease ON - resistance 
described in reference to FIGS . 17B and 17C , and be utilized 5 ( Ron ) of each FET . 
without an M2 metal . It will be understood that the M1 metal In some implementations , the process 370 can further 
of the finger feature 302d can also be implemented in other include a block where a second metal layer M2 can be 
configurations when utilized without an M2 metal . formed over source and drain contacts to thereby increase 
Examples of Metals in M1 and M2 : the current carrying capacities of the source and drain 

In the various examples described herein , it will be 10 he 10 contacts . Such increased current carrying capacities may be 
understood that M1 and M2 metals may or may not be the desirable to accommodate an increase in current carrying 
same metal . In some embodiments , an MA metal having one capacity of each finger . 
or more features as described herein can be implemented Examples of Switching Applications : 
with a metal that is commonly used as FET finger contacts . In some embodiments , a FET stack having two or more 
In some embodiments , an M2 metal having one or more 15 FETs can be implemented as an RF switch . FIG . 19 shows 
features as described herein can be implemented with the an example of an RF switch having a stack 210 of a plurality 

of FETs ( e . g . , N of such FETs 300a to 300n ) . Such a switch same metal as Mi , or with a metal that is commonly used for 
interconnects . can be configured as a single - pole - single - throw ( SPST ) 

switch . Although described in the context of such an Examples of Improvement in Performance : 
As described herein , the ON - resistance ( Ron ) of a FET 20 exa of A FET 20 example , it will be understood that one or more of stacks 210 

can be decreased by increasing the size of the FET . For can be implemented in other switch configurations . 
In the example of FIG . 19 , each of the FETs ( 300a to example , the width of each source / drain finger can be 

increased . However , such an increase is typically limited due 300n ) can be controlled by its respective gate bias network 
310 and body bias network 312 . In some implementations , to other FET parameter ( s ) that degrade performance as size 25 such control operations can be performed in known man is increased . 

Table 1 lists various sized FETs and reductions in Ron that ners . 
In some embodiments , an RF switch such as the example can be expected with the example configuration 342 of FIG . 

16 . In Table 1 , the FET size refers to a product of a unit of FIG . 19 can include FETs having one or more features 
described herein . FIG . 20 shows an example RF switch 100 finger width ( e . g . , dimension d1 in FIG . 11A ) and a number 

of gate fingers in the FET ( e . g . , where one gate finger is 30 30 where such features can be implemented as some or all FETS 
between a source finger and a drain finger ) . For example , if having a reduced Ron due to metal layout ( s ) as described 
a given FET has 100 gate fingers with each unit finger width herein . In the example , an FET stack 210 is shown to include 

FETs ( 300a - 300n ) with such reduced Ron configuration . having a width of 10 ums , the FET size will be 10 
umx100 = 1 mm for the purpose of description of the the Such reduced Ron of the FETs can be configured so as to 

example of Table 1 . The normalized Ron is calculated as 1 33 y 135 yield a desirable performance improvement for the RF 
Ohm divided by the FET size . The Ron values with and switch 100 . 

FIGS . 21 - 26 show non - limiting examples of switching without M2 are results obtained from simulation . applications where one or more features of the present 
TABLE 1 disclosure can be implemented . FIGS . 27 and 28 show 

40 examples where one or more features of the present disclo 
FET sure can be implemented in SOI devices . FIG . 29 - 32 show 
size Normalized Ron without M2 Ron with M2 Relative decrease examples of how one or more features of the present 
( um ) Ron ( Ohms ) ( Ohms ) ( Ohms ) in Ron disclosure can be implemented in different products . 
0 . 5 2 . 42 1 . 873 22 % Example Components of a Switching Device : 
1 . 0 1 . 203 0 . 944 21 % 45 FIG . 21 schematically shows a radio - frequency ( RF ) 
4 . 0 0 . 25 0 . 311 0 . 238 23 % switch 100 configured to switch one or more signals 
8 . 0 0 . 125 0 . 155 0 . 119 23 % between one or more poles 102 and one or more throws 104 . 

In some embodiments , such a switch can be based on one or 
As shown in the examples of Table 1 , the example configu - more field - effect transistors ( FETs ) such as silicon - on - insu 
ration 342 of FIG . 16 can provide a significant decrease in 50 lator ( SOI ) FETs . When a particular pole is connected to a 
Ron ( e . g . , at least 20 % reduction ) for different sized FETs , particular throw , such a path is commonly referred to as 
while maintaining the FET sizes the same . being closed or in an ON state . When a given path between 

In an example test result , Applicant has observed that a pole and a throw is not connected , such a path is commonly 
there is very little degradation in overall capacitive coupling referred to as being open or in an OFF state . 
in a given FET device , much less than what was expected . 55 FIG . 22 shows that in some implementations , the RF 
Accordingly , for a given design , one can achieve signifi - switch 100 of FIG . 21 can include an RF core 110 and an 
cantly lower resistance loss without necessarily incurring energy management ( EM ) core 112 . The RF core 110 can be 
degradation in capacitive coupling , and therefore obtain configured to route RF signals between the first and second 
improved performance in harmonics , intermodulation dis - ports . In the example single - pole - double - throw ( SPDT ) con 
tortion , etc . , by utilizing one or more features as described 60 figuration shown in FIG . 22 , such first and second ports can 
herein . include a pole 102a and a first throw 104a , or the pole 102a 
Examples of Fabrication : and a second throw 104b . 

FIG . 18 shows a process 370 that can be implemented to In some embodiments , EM core 112 can be configured to 
fabricate a FET device such as a FET stack having one or supply , for example , voltage control signals to the RF core . 
more features as described herein . In block 371 , a substrate 65 The EM core 112 can be further configured to provide the 
can be provided . In block 372 , a plurality of FETs can be RF switch 100 with logic decoding and / or power supply 
formed on the substrate , such that the FETs are arranged in conditioning capabilities . 

2 . 0 
1 , 0 
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In some embodiments , the RF core 110 can include one or node 104b is shunted to the ground so as to reduce unde 

more poles and one or more throws to enable passage of RF sirable interference effects to the pole - to - first - throw opera 
signals between one or more inputs and one or more outputs tion . 
of the switch 100 . For example , the RF core 110 can include Again , although described in the context of an SP2T 
a single - pole double - throw ( SPDT or SP2T ) configuration as 5 configuration , it will be understood that RF cores having 
shown in FIG . 22 . other numbers of poles and throws can also be implemented . 

In the example SPDT context , FIG . 23 shows a more In some implementations , a switch arm segment ( e . g . , 
detailed example configuration of an RF core 110 . The RF 140a , 140 , 142a , 142b ) can include one or more semicon 
core 110 is shown to include a single pole 102a coupled to ductor transistors such as FETs . In some embodiments , an 
first and second throw nodes 104a , 104b via first and second " FET may be capable of being in a first state or a second state 
transistors ( e . g . , FETS ) 120a , 120b . The first throw node and can include a gate , a drain , a source , and a body 
104a is shown to be coupled to an RF ground via an FET ( sometimes also referred to as a substrate ) . In some embodi 
122a to provide shunting capability for the node 104a . ments , an FET can include a metal - oxide - semiconductor 
Similarly , the second throw node 104b is shown to be in field effect transistor ( MOSFET ) . In some embodiments , one 
coupled to the RF ground via an FET 122b to provide or more FETs can be connected in series forming a first end 
shunting capability for the node 104b . and a second end such that an RF signal can be routed 

In an example operation , when the RF core 110 is in a between the first end and the second end when the FETs are 
state where an RF signal is being passed between the pole in a first state ( e . g . , ON state ) . 
102a and the first throw 104a , the FET 120a between the 20 At least some of the present disclosure relates to how a 
pole 102a and the first throw node 104a can be in an ON FET or a group of FETs can be controlled to provide 
state , and the FET 120b between the pole 102a and the switching functionalities in desirable manners . FIG . 25 
second throw node 104b can be in an OFF state . For the schematically shows that in some implementations , such 
shunt FETs 122a , 122b , the shunt FET 122a can be in an controlling of an FET 120 can be facilitated by a circuit 150 
OFF state so that the RF signal is not shunted to ground as 25 configured to bias and / or couple one or more portions of the 
it travels from the pole 102a to the first throw node 104a . FET 120 . In some embodiments , such a circuit 150 can 
The shunt FET 122b associated with the second throw node include one or more circuits configured to bias and / or couple 
104b can be in an ON state so that any RF signals or noise a gate of the FET 120 , bias and / or couple a body of the FET 
arriving at the RF core 110 through the second throw node 120 , and / or couple a source / drain of the FET 120 . 
1045 is shunted to the ground so as to reduce undesirable 30 130 Schematic examples of how such biasing and / or coupling 

of different parts of one or more FETs are described in interference effects to the pole - to - first - throw operation . reference to FIG . 26 . In FIG . 26 , a switch arm segment 140 Although the foregoing example is described in the con ( that can be , for example , one of the example switch arm text of a single - pole - double - throw configuration , it will be segments 140a , 140b , 142a , 142b of the example of FIG . 24 ) understood that the RF core can be configured with other as with other 35 between nodes 144 , 146 is shown to include a plurality of numbers of poles and throws . For example , there may be FETS 120 . Operations of such FETs can be controlled and / or 
more than one poles , and the number of throws can be less facilitated by a gate bias / coupling circuit 150a , and a body than or greater than the example number of two . bias / coupling circuit 150c , and / or a source / drain coupling 

In the example of FIG . 23 , the transistors between the pole circuit 150b . 
102a and the two throw nodes 104a , 104b are depicted as 40 Gate Bias / Coupling Circuit 
single transistors . In some implementations , such switching In the example shown in FIG . 26 , the gate of each of the 
functionalities between the pole ( s ) and the throw ( s ) can be FETs 120 can be connected to the gate bias / coupling circuit 
provided by switch arm segments , where each switch arm 150a to receive a gate bias signal and / or couple the gate to 
segment includes a plurality of transistors such as FETs . another part of the FET 120 or the switch arm 140 . In some 
An example RF core configuration 130 of an RF core 45 implementations , designs or features of the gate bias / cou 

having such switch arm segments is shown in FIG . 24 . In the pling circuit 150a can improve performance of the switch 
example , the pole 102a and the first throw node 104a are arm 140 . Such improvements in performance can include , 
shown to be coupled via a first switch arm segment 140a . but are not limited to , device insertion loss , isolation per 
Similarly , the pole 102a and the second throw node 104b are formance , power handling capability and / or switching 
shown to be coupled via a second switch arm segment 140b . 50 device linearity . 
The first throw node 104a is shown to be capable of being Body Bias / Coupling Circuit 
shunted to an RF ground via a first shunt arm segment 142a . As shown in FIG . 26 , the body of each FET 120 can be 
Similarly , the second throw node 104b is shown to be connected to the body bias / coupling circuit 150c to receive 
capable of being shunted to the RF ground via a second a body bias signal and / or couple the body to another part of 
shunt arm segment 142b . 55 the FET 120 or the switch arm 140 . In some implementa 

In an example operation , when the RF core 130 is in a tions , designs or features of the body bias / coupling circuit 
state where an RF signal is being passed between the pole 150c can improve performance of the switch arm 140 . Such 
102a and the first throw node 104a , all of the FETs in the improvements in performance can include , but are not 
first switch arm segment 140a can be in an ON state , and all limited to , device insertion loss , isolation performance , 
of the FETs in the second switch arm segment 104h can be 60 power handling capability and / or switching device linearity . 
in an OFF state . The first shunt arm 142a for the first throw Source / Drain Coupling Circuit 
node 104a can have all of its FETs in an OFF state so that As shown in FIG . 26 , the source / drain of each FET 120 
the RF signal is not shunted to ground as it travels from the can be connected to the coupling circuit 150b to couple the 
pole 102a to the first throw node 104a . All of the FETs in the source / drain to another part of the FET 120 or the switch arm 
second shunt arm 142b associated with the second throw 65 140 . In some implementations , designs or features of the 
node 104b can be in an ON state so that any RF signals or coupling circuit 150b can improve performance of the 
noise arriving at the RF core 130 through the second throw switch arm 140 . Such improvements in performance can 

nu 
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include , but are not limited to , device insertion loss , isolation duction of spurious signals into the RF system , thereby 
performance , power handling capability and / or switching contributing to degradation of overall RF system linearity 
device linearity . and IMD performance . 
Examples of Switching Performance Parameters : In some embodiments , RF switching devices can be 
Insertion Loss 5 implemented as part of an RF system including a wireless 

A switching device performance parameter can include a communication system . IMD performance of the system can 
measure of insertion loss . A switching device insertion loss be improved by increasing linearity of system components , 
can be a measure of the attenuation of an RF signal that is such as linearity of an RF switching device . In some 

embodiments , a wireless communication system can operate routed through the RF switching device . For example , the 
magnitude of an RF signal at an output port of a switching 10 in a multi - band and / or multi - mode environment . Improve 

ment in intermodulation distortion ( IMD ) performance can device can be less than the magnitude of the RF signal at an be desirable in wireless communication systems operating in input port of the switching device . In some embodiments , a a multi - band and / or multi - mode environment . In some switching device can include device components that intro embodiments , improvement of a switching device IMD duce parasitic capacitance , inductance , resistance , or con n - 15 performance can improve the IMD performance of a wire 
ductance into the device , contributing to increased switching less communication system operating in a multi - mode and / 
device insertion loss . In some embodiments , a switching or multi - band environment . 
device insertion loss can be measured as a ratio of the power Improved switching device IMD performance can be 
or voltage of an RF signal at an input port to the power or desirable for wireless communication devices operating in 
voltage of the RF signal at an output port of the switching 20 various wireless communication standards , for example for 
device . Decreased switching device insertion loss can be wireless communication devices operating in the LTE com 
desirable to enable improved RF signal transmission . munication standard . In some RF applications , it can be 
Isolation desirable to improve linearity of switching devices operating 

A switching device performance parameter can also in wireless communication devices that enable simultaneous 
include a measure of isolation . Switching device isolation 25 transmission of data and voice communication . For 
can be a measure of the RF isolation between an input port example , improved IMD performance in switching devices 
and an output port an RF switching device . In some embodi can be desirable for wireless communication devices oper 
ments , it can be a measure of the RF isolation of a switching ating in the LTE communication standard and performing 
device while the switching device is in a state where an input simultaneous transmission of voice and data communication 
port and an output port are electrically isolated , for example 30 nole 30 ( e . g . , SVLTE ) . 
while the switching device is in an OFF state . Increased High Power Handling Capability 
switching device isolation can improve RF signal integrity . In some RF applications , it can be desirable for RF 

switching devices to operate under high power while reduc 
In certain embodiments , an increase in isolation can improve ing degradation of other device performance parameters . In wireless communication device performance . some embodiments , it can be desirable for RF switching 
Intermodulation Distortion devices to operate under high power with improved inter 

A switching device performance parameter can further modulation distortion , insertion loss , and / or isolation per 
include a measure of intermodulation distortion ( IMD ) per formance . 
formance . Intermodulation distortion ( IMD ) can be a mea In some embodiments , an increased number of transistors 
sure of non - linearity in an RF switching device . 40 can be implemented in a switch arm segment of a switching 

IMD can result from two or more signals mixing together device to enable improved power handling capability of the 
and yielding frequencies that are not harmonic frequencies . switching device . For example , a switch arm segment can 
For example , suppose that two signals have fundamental include an increased number of FETs connected in series , an 
frequencies f ; and f2 ( f2 > f? ) that are relatively close to each increased FET stack height , to enable improved device 
other in frequency space . Mixing of such signals can result 45 performance under high power . However , in some embodi 
in peaks in frequency spectrum at frequencies corresponding ments , increased FET stack height can degrade the switching 
to different products of fundamental and harmonic frequen - device insertion loss performance . 
cies of the two signals . For example , a second - order inter - Examples of FET Structures and Fabrication Process Tech 
modulation distortion ( also referred to as IMD2 ) is typically nologies : 
considered to include frequencies fi + f2fz - f1 , 2f1 , and 2f2 . A 50 A switching device can be implemented on - die , off - die , or 
third - order IMD ( also referred to as IMD3 ) is typically some combination thereon . A switching device can also be 
considered to include 2f , + f2 , 2f , - f , f + 2f , f , - 2f2 . Higher fabricated using various technologies . In some embodi 
order products can be formed in similar manners . ments , RF switching devices can be fabricated with silicon 

In general , as the IMD order number increases , power or silicon - on - insulator ( SOI ) technology . 
levels decrease . Accordingly , second and third orders can be 55 As described herein , an RF switching device can be 
undesirable effects that are of particular interest . Higher implemented using silicon - on - insulator ( SOI ) technology . In 
orders such as fourth and fifth orders can also be of interest some embodiments , SOI technology can include a semicon 
in some situations . ductor substrate having an embedded layer of electrically 

In some RF applications , it can be desirable to reduce insulating material , such as a buried oxide layer beneath a 
susceptibility to interference within an RF system . Non 60 silicon device layer . For example , an SOI substrate can 
linearity in RF systems can result in introduction of spurious include an oxide layer embedded below a silicon layer . 
signals into the system . Spurious signals in the RF system Other insulating materials known in the art can also be used . 
can result in interference within the system and degrade the Implementation of RF applications , such as an RF switch 
information transmitted by RF signals . An RF system having ing device , using SOI technology can improve switching 
increased non - linearity can demonstrate increased suscepti - 65 device performance . In some embodiments , SOI technology 
bility to interference . Non - linearity in system components , can enable reduced power consumption . Reduced power 
for example switching devices , can contribute to the intro consumption can be desirable in RF applications , including 
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those associated with wireless communication devices . SOI Semiconductor Die Implementation 
technology can enable reduced power consumption of FIGS . 29A - 29D schematically show non - limiting 
device circuitry due to decreased parasitic capacitance of examples of such implementations on one or more semi 
transistors and interconnect metallization to a silicon sub - conductor die . FIG . 29A shows that in some embodiments , 
strate . Presence of a buried oxide layer can also reduce 5 a switch circuit 120 and a bias / coupling circuit 150 having 
junction capacitance or use of high resistivity substrate , one or more features as described herein can be imple 
enabling reduced substrate related RF losses . Electrically m ented on a die 800 . FIG . 29B shows that in some embodi 
isolated SOI transistors can facilitate stacking , contributing ments , at least some of the bias / coupling circuit 150 can be 
to decreased chip size . implemented outside of the die 800 of FIG . 29A . 

In some SOI FET configurations , each transistor can be 10 FIG . 29C shows that in some embodiments , a switch 
configured as a finger - based device where the source and circuit 120 having one or more features as described herein 
drain are rectangular shaped ( in a plan view ) and a gate can be implemented on a first die 800a , and a bias / coupling 
structure extends between the source and drain like a rect - circuit 150 having one or more features as described herein 
angular shaped finger . FIGS . 27A and 27B show plan and is can be implemented on a second die 800b . FIG . 29D shows 
side sectional views of an example finger - based FET device that in some embodiments , at least some of the bias / coupling 
implemented on SOI . As shown , FET devices described circuit 150 can be implemented outside of the first die 800a 
herein can include a p - type FET or an n - type FET . Thus , of FIG . 29C . 
although some FET devices are described herein as p - type Packaged Module Implementation 
devices , it will be understood that various concepts associ - 20 In some embodiments , one or more die having one or 
ated with such p - type devices can also apply to n - type more features described herein can be implemented in a 
devices . packaged module . An example of such a module is shown in 

As shown in FIGS . 27A and 27B , a pMOSFET can FIGS . 30A ( plan view ) and 30B ( side view ) . Although 
include an insulator layer formed on a semiconductor sub - described in the context of both of the switch circuit and the 
strate . The insulator layer can be formed from materials such 25 bias / coupling circuit being on the same die ( e . g . , example 
as silicon dioxide or sapphire . An n - well is shown to be configuration of FIG . 29A ) , it will be understood that 
formed in the insulator such that the exposed surface gen - packaged modules can be based on other configurations . 
erally defines a rectangular region . Source ( S ) and drain ( D ) A module 810 is shown to include a packaging substrate 
are shown to be p - doped regions whose exposed surfaces 812 . Such a packaging substrate can be configured to receive 
generally define rectangles . As shown , S / D regions can be 30 can be 30 a plurality of components , and can include , for example , a 
configured so that source and drain functionalities are laminate substrate . The components mounted on the pack 

aging substrate 812 can include one or more dies . In the reversed . example shown , a die 800 having a switching circuit 120 and FIGS . 27A and 27B further show that a gate ( G ) can be a bias / coupling circuit 150 is shown to be mounted on the formed on the n - well so as to be positioned between the , le 35 packaging substrate 812 . The die 800 can be electrically source and the drain . The example gate is depicted as having connected to other parts of the module ( and with each other a rectangular shape that extends along with the source and where more than one die is utilized ) through connections 
the drain . Also shown is an n - type body contact . Formations such as connection - wirebonds 816 . Such connection - wire 
of the rectangular shaped well , source and drain regions , and bonds can be formed between contact pads 818 formed on 
the body contact can be achieved by a number of known 40 the die 800 and contact pads 814 formed on the packaging 
techniques . substrate 812 . In some embodiments , one or more surface 

FIGS . 28A and 28B show plan and side sectional views of mounted devices ( SMDs ) 822 can be mounted on the 
an example of a multiple - finger FET device implemented on packaging substrate 812 to facilitate various functionalities 
SOI . Formations of rectangular shaped n - well , rectangular of the module 810 . 
shaped p - doped regions , rectangular shaped gates , and 45 In some embodiments , the packaging substrate 812 can 
n - type body contact can be achieved in manners similar to include electrical connection paths for interconnecting the 
those described in reference to FIGS . 27A and 27B . various components with each other and / or with contact 

The example multiple - finger FET device of FIGS . 28A pads for external connections . For example , a connection 
and 28B can be configured so that the source regions are path 832 is depicted as interconnecting the example SMD 
electrically connected together to a source node , and the 50 822 and the die 800 . In another example , a connection path 
drain regions are connected together to a drain node . The 832 is depicted as interconnecting the SMD 822 with an 
gates can also be connected together to a gate node . In such external - connection contact pad 834 . In yet another example 
an example configuration , a common gate bias signal can be a connection path 832 is depicted as interconnecting the die 
provided through the gate node to control flow of current 800 with ground - connection contact pads 836 . 
between the source node and the drain node . 55 In some embodiments , a space above the packaging 

In some implementations , a plurality of the foregoing substrate 812 and the various components mounted thereon 
multi - finger FET devices can be connected in series as a can be filled with an overmold structure 830 . Such an 
switch to allow handling of high power RF signals . Each overmold structure can provide a number of desirable func 
FET device can divide the overall voltage drop associated tionalities , including protection for the components and 
with power dissipation at the connected FETs . A number of 60 wirebonds from external elements , and easier handling of 
such multi - finger FET devices can be selected based on , for the packaged module 810 . 
example , power handling requirement of the switch . FIG . 31 shows a schematic diagram of an example 
Examples of Implementations in Products : switching configuration that can be implemented in the 

Various examples of FET - based switch circuits described module 810 described in reference to FIGS . 30A and 30B . 
herein can be implemented in a number of different ways 65 In the example , the switch circuit 120 is depicted as being 
and at different product levels . Some of such product imple - an SPST switch , with the pole being connectable to an 
mentations are described by way of examples . antenna and the throws being connectable to various Rx and 
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Tx paths . Such a configuration can facilitate , for example , more elements that may be either directly connected , or 
multi - mode multi - band operations in wireless devices . connected by way of one or more intermediate elements . 

The module 810 can further include an interface for Additionally , the words " herein , ” “ above , " " below , " and 
receiving power ( e . g . , supply voltage VDD ) and control words of similar import , when used in this application , shall 
signals to facilitate operation of the switch circuit 120 and / or 5 refer to this application as a whole and not to any particular 
the bias / coupling circuit 150 . In some implementations , portions of this application . Where the context permits , 
supply voltage and control signals can be applied to the words in the above Detailed Description using the singular 
switch circuit 120 via the bias / coupling circuit 150 . or plural number may also include the plural or singular 
Wireless Device Implementation number respectively . The word “ or ” in reference to a list of 

In some implementations , a device and / or a circuit having 10 two or more items , that word covers all of the following 
one or more features described herein can be included in an interpretations of the word : any of the items in the list , all of 
RF device such as a wireless device . Such a device and / or the items in the list , and any combination of the items in the 
a circuit can be implemented directly in the wireless device , list . 
in a modular form as described herein , or in some combi The above detailed description of embodiments of the 
nation thereof . In some embodiments , such a wireless device 15 invention is not intended to be exhaustive or to limit the 
can include , for example , a cellular phone , a smart - phone , a invention to the precise form disclosed above . While specific 
hand - held wireless device with or without phone function embodiments of , and examples for , the invention are 
ality , a wireless tablet , etc . described above for illustrative purposes , various equivalent 

FIG . 32 schematically depicts an example wireless device modifications are possible within the scope of the invention , 
900 having one or more advantageous features described 20 as those skilled in the relevant art will recognize . For 
herein . In the context of various switches and various example , while processes or blocks are presented in a given 
biasing / coupling configurations as described herein , a order , alternative embodiments may perform routines hav 
switch 120 and a bias / coupling circuit 150 can be part of a ing steps , or employ systems having blocks , in a different 
module 810 . In some embodiments , such a switch module order , and some processes or blocks may be deleted , moved , 
can facilitate , for example , multi - band multi - mode operation 25 added , subdivided , combined , and / or modified . Each of 
of the wireless device 900 . these processes or blocks may be implemented in a variety 

In the example wireless device 900 , a power amplifier of different ways . Also , while processes or blocks are at 
( PA ) module 916 having a plurality of PAs can provide an times shown as being performed in series , these processes or 
amplified RF signal to the switch 120 ( via a duplexer 920 ) , blocks may instead be performed in parallel , or may be 
and the switch 120 can route the amplified RF signal to an 30 performed at different times . 
antenna . The PA module 916 can receive an unamplified RF The teachings of the invention provided herein can be 
signal from a transceiver 914 that can be configured and applied to other systems , not necessarily the system 
operated in known manners . The transceiver can also be described above . The elements and acts of the various 
configured to process received signals . The transceiver 914 embodiments described above can be combined to provide 
is shown to interact with a baseband sub - system 910 that is 35 further embodiments . 
configured to provide conversion between data and / or voice While some embodiments of the inventions have been 
signals suitable for a user and RF signals suitable for the described , these embodiments have been presented by way 
transceiver 914 . The transceiver 914 is also shown to be of example only , and are not intended to limit the scope of 
connected to a power management component 906 that is the disclosure . Indeed , the novel methods and systems 
configured to manage power for the operation of the wireless 40 described herein may be embodied in a variety of other 
device 900 . Such a power management component can also forms ; furthermore , various omissions , substitutions and 
control operations of the baseband sub - system 910 and the changes in the form of the methods and systems described 
module 810 . herein may be made without departing from the spirit of the 

The baseband sub - system 910 is shown to be connected to disclosure . The accompanying claims and their equivalents 
a user interface 902 to facilitate various input and output of 45 are intended to cover such forms or modifications as would 
voice and / or data provided to and received from the user . fall within the scope and spirit of the disclosure . 
The baseband sub - system 910 can also be connected to a 
memory 904 that is configured to store data and / or instruc What is claimed is : 
tions to facilitate the operation of the wireless device , and / or 1 . A field - effect transistor ( FET ) device comprising : 
to provide storage of information for the user . 50 a source contact and a drain contact ; 

In some embodiments , the duplexer 920 can allow trans - a first group of fingers electrically connected to the source 
mit and receive operations to be performed simultaneously contact ; and 
using a common antenna ( e . g . , 924 ) . In FIG . 32 , received a second group of fingers electrically connected to the 
signals are shown to be routed to “ Rx ” paths ( not shown ) drain contact and arranged in an interleaved configu 
that can include , for example , a low - noise amplifier ( LNA ) . 55 ration with respect to the first group of fingers , at least 

A number of other wireless device configurations can some of the first group of fingers and the second group 
utilize one or more features described herein . For example , of fingers including a first metal M1 and a second metal 
a wireless device does not need to be a multi - band device . M2 arranged in a stack , at least one of the first metal 
In another example , a wireless device can include additional M1 and the second metal M2 including a tapered 
antennas such as diversity antenna , and additional connec - 60 portion to yield a current carrying capacity that varies 
tivity features such as Wi - Fi , Bluetooth , and GPS . as a function of location along a direction in which the 

Unless the context clearly requires otherwise , throughout corresponding finger extends , the second metal M2 
the description and the claims , the words " comprise , " " com further including a portion implemented over and hav 
prising , " and the like are to be construed in an inclusive ing a width greater than a respective source contact or 
sense , as opposed to an exclusive or exhaustive sense ; that 65 65 drain contact . drain contact . 
is to say , in the sense of “ including , but not limited to . ” The 2 . The FET device of claim 1 wherein the current carrying 
word " coupled ” , as generally used herein , refers to two or capacity is higher at a proximal end of a given finger than at 

se 
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a distal end of the finger , the proximal end being adjacent to 18 . A radio - frequency ( RF ) switching device comprising : 
a respective source or drain contact . a first terminal and a second terminal ; and 

3 . The FET device of claim 2 wherein the current carrying a plurality of field - effect transistors ( FETs ) arranged in 
capacity decreases in one or more steps along the length of series to form a stack , one end of the stack electrically 
the finger from the proximal end to the distal end . connected to the first terminal and the other end of the 

4 . The FET device of claim 2 wherein the current carrying stack electrically connected to the second terminal , 
capacity varies continuously for a portion of the length of the each of at least some of the FETs including a source 
finger . contact and a drain contact , a first group of fingers 

5 . The FET device of claim 2 wherein the first metal M1 electrically connected to the source contact , and a 
extends substantially the entire length of the finger . second group of fingers electrically connected to the 

6 . The FET device of claim 5 wherein the second metal drain contact and arranged in an interleaved configu 
M2 is configured such that the higher current carrying ration with respect to the first group of fingers , at least 
capacity at the proximal end of the given finger is achieved some of the first group of fingers and the second group 

without an increase in a dimension of the first metal M1 . of fingers including a first metal M1 and a second metal 
7 . The FET device of claim 5 wherein the first metal M1 15 M2 arranged in a stack , at least one of the first metal 

has a tapered profile such that the proximal end has a wider Mi and the second metal M2 including a tapered 
dimension than the distal end . portion to yield a current carrying capacity that varies 

8 . The FET device of claim 7 wherein the second metal as a function of location along a direction in which the 
M2 has a substantially constant width that is less than or corresponding finger extends , the second metal M2 
equal to the width of the first metal M1 . 20 further including a portion implemented over and hav 

9 . The FET device of claim 7 wherein the second metal ing a width greater than a respective source contact or 
M2 has a tapered profile between its proximal and distal drain contact . 
ends . 19 . The RF switching device of claim 18 wherein the 

10 . The FET device of claim 7 wherein the second metal FETs are implemented as a silicon - on - insulator ( SOI ) 
M2 has a tapered portion between its proximal end and an 25 der 
intermediate location , and a straight portion between the 20 . A radio - frequency ( RF ) switching module comprising : 
intermediate location and its distal end . a packaging substrate configured to receive a plurality of 

11 . The FET device of claim 5 wherein the first metal M1 components ; and 
has a substantially constant width between its proximal and a die mounted on the packaging substrate , the die having 
distal ends . 30 a switching circuit including a plurality of field - effect 

12 . The FET device of claim 11 wherein the second metal transistors ( FETs ) connected in series to form a stack , 
M2 has a tapered profile between its proximal and distal one end of the stack electrically connected to a first 
ends . terminal of the switching circuit and the other end of 

13 . The FET device of claim 11 wherein the second metal the stack electrically connected to a second terminal of 
M2 has a tapered portion between its proximal end and an 35 the switching circuit , each of at least some of the FETS 
intermediate location , and a straight portion between the including a source contact and a drain contact , a first 
intermediate location and its distal end . group of fingers electrically connected to the source 

14 . The FET device of claim 5 wherein the second metal contact , and a second group of fingers electrically 
M2 is separated from the first metal M1 by an electrically connected to the drain contact and arranged in an 
insulating layer , with the second metal M2 being electrically 40 interleaved configuration with respect to the first group 
connected with the first metal M1 by one or more conductive of fingers , at least some of the first group of fingers and 
vias . the second group of fingers including a first metal M1 

15 . The FET device of claim 14 wherein the second metal and a second metal M2 arranged in a stack , at least one 
M2 is positioned above the first metal M1 . of the first metal M1 and the second metal M2 includ 

16 . The FET device of claim 14 wherein at least one of the 45 ing a tapered portion to yield a current carrying capac 
first metal M1 and the second metal M2 is configured such ity that varies as a function of location along a direction 
that an off - state capacitance of the finger is approximately in which the corresponding finger extends , the second 
the same as an off - state capacitance associated with a finger metal M2 further including a portion implemented over 
having only the first metal M1 . and having a width greater than a respective source 

17 . The FET device of claim 1 wherein the FET is a 50 contact or drain contact . 
silicon - on - insulator ( SOI ) device . * * * * * 
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