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SYSTEM AND VIETHOD OF TRAVSISTOR
SWITCH BIASINC; IV A HIGH POWER

SEMICONDUCTOR SWITCH

FIFI D OF TI IE INVENTION

[0001] The invention relates to lugh pov,er semiconductor
sv,itches, and more particularly to ITT switch layouts and
biasing ther)x)f

BACKGROUND OF TIIE INVENTION

[0002] In modern RF communication svstems a semicon-
ductor-based trmxsmit-rcx:eive sv;itch is often the last/tirst
component cncountercd by n transniittcd/rcvcivcd signal
before/after encnuntering an antenna. Fi urea of merit for
signal quality nf such a uansmit-rccceive switch are switch
luiearity and spunous hamionic emission le~ala

[0003] Many ofthemainadvnncesinsemiconductor-based
tr uismit-receive switches luive been w 1th respect to isolauon
and insertion loss. (iroups ofFk fs are arranged in the siv itch
along with judiciously chosen resistors and capnmu)rs to
ensure low insertion loss along the signal path and high iso-
lation fmm the off paths One general approach utilizes,
instead of a single I'ET switch along each alternative path, a

group of FET switches in series. 'Hfis geneml approach more-
over does not simply turn thc FFTs on and off by utilizing
only n voltage at the gate. but instead biases both the ate and
the source/dram in a fonrard mid reverse manner to turn the
I'ETs full-on mid I'ull-off'respectively

[0004] An example of such a prior an approach, explained
in Nake(sukn et al (U S Pat. No. 7,199.635) Is presented in
FIG. IA. A single pole double tluow (SPOT'I s)iitcli 100 is
show n One input/output pole tcnninal 101 (refbrred to as the
pole) is coupled tluougt a first I'LT gn)up switch 120 to a first
input/output terminal 102. and is connected throuvJI a second
I FT gmup slvltch 130 to II secolld BIput/output telillillill 103
Each FET group switch 120, 130 has a gmup of FL'T transis-
tors (for example the group of FL'1 transistors 122 in the hrst
I'ET gn)up switch 120) connected in senes with the styx)i
path from the pole 101 to the corresponding first or second
uiput/output tcnninal 102. 103. Fach Fl)T group switch 120,
130 also includes a group of source/drain resistors (for
example source/dmin resistors 124) coupled to the sources
:nxl/or drauis of the FFTs ol tbe gl nap switch, Slid coiip lcd to
one of a first and second biasin ternunal 111. 112. Each FET
group switch also includes n group of gate resistors (for
ex unple gnte resistors 126 ofFIIT group s))itch 120) m)upled
to the gates of the FL'Ts of the group s))itch and to the other
one of the tirst mid second bias temiinals 111.112

[OUU5J Some early work on T/R Sw itches based on CMOS
is described iiu Fang-.lung Iluang. Kenneth O. A 900-Mllz
T/R Switch with a O.g-dB insertion Loss hnplemented in a

0 5-um ('.MOS Process, IEFF 2000 C'us(am hitegrated C.'ir-

ciuts Cimlerence: Takahiro Oluiakndo et al, 21 5 dBm Pouer-
Hmidling 5 CiHz Transmit/Receive ('MOS Switch Realized
by Voltage Division Effect of Stnckcd Transistor Configum-
tion with Depletion-Layer-Extended Transistor (DETs).
2003 Symposium on VI.SI (iircuits Digest of Teclufical
Papers: and F -.I Huan nnd K 0, A 0 5 umC:MOS T/R
Sivitch tier 900 MHz wireless applications, IEEL'. Solid-
Statc C'ircuits. Vol. 36, pp 48(1-492. March 2001

[0006] The vates of the first PET group a))itch 120 and the
source/drains of the second I'LT group switch 130 are biased
by the first biasing terminal 111, while the gates of the second

FFT group switch 130 nnd the source/drains of the second
FFT group switch 130 are biased by the second biasing ter-
nunal 112.

[0007] To connect the pole 101 to Ihe first u)put/output
terminal 10Z, the first biasing terminal 111 is set to VIII ( I

high-level voltave), while the second biasing terminal 112 is
set to V„, (a low-level voltage). such tlmt the I L'Ts of the first
Fk'I group switch 120 are fully on and the FL'Ts ofthe second
FET gmup sivitch 130 nrc biased with reverse polarity nnd
hence fully offi witlfin the reliability/breakdown lunits of
opcmtion. le connect the pole 101 to the second input/output
termuial 103, the second buising ternunal 112 is set to Viie
while the first biasing terminal 111 Is set to Vie, such that the
FFTs o I'ihe second FFT group switch 130 areVuffy on and the
I'ETs of the first I'ET ~cup sv,itcli 120 are biased with
reverse polarity and hence fully off, within the reliability/
breakdown limits ol'operation.

[0008] This configuration fiiliy biases each FFT group
switch I) 1th an on or olf polanty ensuring respectively low

insertion loss and lfigh isolation which are very important
w lmn dealing ivith high paver signal transmission It cailbi.'een

from the circuit design that the bias applied tn each I L'T

group switch differs only in polarity. For further clarity. it

should be understood that v'henever a BJT, I'ET, MOSI'ET,
MU()FET, FLT group sw itch, or any other transistor s)v itch is
said to be biased with, or applied with biasing of, an "on

polanty" or "f'orward polarity", the voltages applied to the
gate and the source/dmins are such tint the respective tran-
sistor'witch ls BI all oil state . It also should be understood
that conversely, whenever a transistor switch is said to be
biased with or fiaving applied tfiercu) biasing of'an 'off polar-
ity" or "reverse polariiy*', the voltage apphed to ihe gate and
source/dmuis are of a polarity reverse from that wluch would
bc applied to thc gate and source!drains to put thc Iransistor ui
an "on state". This Is to be distinguished from a biasing wluch
achieves mi "otf state'* in the transistor but which is of tlm
salmi: polantv Bs (brit (albeit BIilcb BBIaller in magnitude)
which a clfieves the "on state*', or a biasing of zero which may
achieim the "off state'* but which hns no polarity

[UUU9J An example of a second prior ait approach accord-
ing to Nakaisuka ct al (U5 Pat No. 7, i 99,635) is depicted in

FICi. IB. A single pole double thn)w sv;itch 150 including
series and shunt Fl', I's a shown. One inpm/output pole temii-
nal 151 is coupled tfuoupt a first FET gn)up switch 160 to a

first input/output terminal 152. and is connected tluough a
second FFT group switch 170 to a second input/mitput ter-

muial 153. At a function between the first uiput/output tenm-
nal 152 and the first FE1 group switch 160 is a connection
coupled tlu ough a third FFT group switch 180 and n blocking
capacitor 182. to ground 184. At a function between the
second input'output terminal 153 and tlm scmond IT; I'rmip
a~itch 170 is a connection coupled through a fourth IIIT
gmup switch 190, mid a blocking capacitor 192 to ground
194 Fach oi'he FFTs ol'he first FFT group switch 160 is
connected in series between the first uiput/output termuinl
152 and the pole 151 while each of the FkTs of the second
FFT group sv'itch 170 is cotutcctcxf in series bctwecn the
second input/output ternunal 153 and the pole 151. Smce
each of tlm fin,t and second FI'll'mup switches 160. 170 are
coupled between the pole mid an input/output tenmnal, they
are referred to as the series FET group switches. Each of the
Fl'l1 s in the third Fi T group switch 180 is connected in scrics
between the first uiput/output terminal 152 and pound 184.
while each of the I'ETs in the fourth Fl T ~Soup sv;itch 19U is
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connected ui series between the second input/output terminal
153 and ground 194 Since each ol'he third mid lourtb FFT
group a~itches 180, 190 coupled between an input,'output
terminal and gmund, they are referred to as slmnt FI'T group
s'is i(elias.

[0010] A lirst biming mmiiual 154 is coupled to the gatesol'he

first and fourth FFT group switches 16U, 190 and the
sourco/drains of tlm second and third FIIT group switches
170, 180. A second biasuig temiinal 155 is coupled to the
(iotas of the second and third FI)T group sit itches 17U, 181)

and the source!drauw of the first and fourth FET gmup
svvitches 16D. 190.

[OUI I] vyhen the first biasuig ternunal 154 is Vir, and the
second biasing terminal 155 is V«. the lirst and lburth FFT
group switches 160. 190 are biased to full on w lule the second
and third youp switches 17U, 18D are biased vvith reverse
polnrity to I'ull off Consequently, the pole 151 is strongly
coupled with the first input/output terminal 152 while bein
stronaiy isolamd frimi the second input/output terminal 153,

the lirst input!output termiiial 152 is strongly tsolatexl Irons
ground 184 vvhile the second input/output terminal 153 is

strongly coupled. or shunted. to ground 194.

[0012] ('onvcrmly, when the first biasing tcnninal 154 is

f o and the second biasing tenuinal 155 is Vjii the second
mid third FFT group switches 170, 180 have a strong inver-
sion layer such that they are fully on while the first and fourth
group switches 16U. 190 are biased with a reverse polarity and
are fully ol'f ( onscxlucntly, tlm pole 151 is strongly coupled
anth the second input/output terminal 153 wlule beuig
strongly isolated from the hrst input/output terminal 152, the
first input/output termiiuil 152 is strongly coupled. or
shunted. to ground 184 wlule the second input'output tenn&-

nai 153 is strongly isolated I'rom ground 194.

[0013] The prior art single pole double thmw switch
depicted in FIO. I B achieves Ingher isolation than the poor
mt single pole double tluow switch depicted in FI(i. IA by
strongly coupling the inpm/output terminal which is not in
use to brround.

[U014] Although the prior art approaches have achieved
high isolation and low insertion loss many other performance
factors and considemtions for the transmit-receive switch
have not been adequately addressed thereby.

SUMMAI(Y OI'IIL'NVLiNTION

[0015] Accoriling to mm aspect, ihe uivention providm lbr
a method of biasing transistor sv;itches in a lugh po~er
switch, the method comprising: providing on polanty gate to
smirce'drain huis [on-state Vgsd) such that a strong ini ersion
layer (channel) is created at an on-state V sd level to a first
transistor switch of said transistor switches for biasing tlm

first tr msistor su itch ui an on state: and providing offpolanty
Vgsd [off-state Vgsd) such that no clmnnel is established at a
ol'f polarity Vgsd level to a scmmid tmnsistor sit itch of said
trans& ~ ior switches for biasing the second tr uisistor switch ui
an off state, wherein the magnitude of the off-state Vgad level
is less than a mamtitixli. of(bc on-state Vgsd level by only an
amount sufficient for at least one of: bringing spurious har-
monic emissions of said second trmisistor sw itch wlmn biased
to the offstate below a pre-i dent iliad upper lunit ofacceptable
spunous harmonic enussions from the second transistor

itch in thc off state: and bringing a linearity of thc high
poiver swnch above a pre-idenu tied lower hmit ofacceptable
linearity for the high power switch.

[0016] According to another aspect the invention pmvides
for a method of biasing transistor switches in a Ifigt power
switch, the method comprisuig biasing at a gate of a lirst
transistor switch of the

trna

si stor switches with a first biasing
controller at a lixed primary biasing fraction of a first control
voltage input to the tirst biasing controller, biasing at a
source-drain of the first transistor switch with a second bias-
ing controller at a tixed secondary biasing fraction ofa second
control voitavc input to tlm second biasing controller: biasing
at a gate of a second transistor switch of the transistor
switches with the second biasing controller at the tixed pri-
illai 9 bi aslllg fi tet loll ol tile secollil Colltrol volt iige 1llpil t: ililcl

biasing at a source-dmin of the second transistor switch with
the Iirst binsing controller ai the ftxixI secondmy biasing
fraction of the lirst control voltage, ivhereui v;hen the lugh
povver six itcl»s in a first switch state ui vihich the first tran-
sistor switch is &m nnd the second transistor switch is olf
pmviduig a high system control voltage as the tirst control
voltage to tlm first basing controller, and providing a low

system control voltage as the second control voltage to the
second biasing controller, wherein when the liigh power
switch is in a srxond sit itch state in whicfi tfm first transistor
switcli is ofl'mid the second tr uisistor switch m oiu providin
a low systmn control voltage as the first control voltage

tother

lirst basing controller: and pmviding a high s) stem control
voltage as the second control voltage to the second biasing
controller, whcreiir a mayutudc of thc difference betwemi
theproductofthepnmarybiasin fractionandthelowsystem
control voltage and the product of the secondary biasing
fraction and thc high systi'.Ill c(illtlul v(iltagc is less than a

magtutude of the difference between the product of the pri-
mary biasing fraction and tire high system control voltage and
the product of the secondary biasing fraction and the low

system control voltage by only an amount sufficient for at
least onc of: bringing spurious Iuinnonic cmissions ol'aid
second transistor svntch when biased to the ofl state bein~ a

pre-identified upper limit of acceptable spurious harmonic
cmissions I'rom tlm second transisior sivitch in the olf siaic,
and banging a lineanty of the big poiver switch above a
pre-identiiied low er limit of acceptable linearity fiir the high
power sv,itch

[0017] According to another aspect the invention provides
for a luvgt power switch comprising: a plurahty of transistor
switches comprising: a first transistor switch: and a second
trmisistor switch. biasing circuit() Ilor providing. when thc
high pov;er switch is in a first lugh power switch state: on-
state Vgsd at a on-stateVgsd level to the first transistor switch
fiir biasing the lirst imnsi stor sivitch ui an on state: and bxi sing

at an off-state Vgsd level to the second transistor switch for
hinting, the sccmul transistor switch in an elf state, ivherein
the mayutude of the off-state Vgsd level is fess than a mag-
nitude of the on-state Vgsd le~el by only an muount sufficient
for at least one of bringuig spunous hannomc emissions of
said second transistor sivitch when biased to the oif state
below a pre-idcntitiod upper limit of acceptable spurious
harmonic emissions from the second transistor switch m the
olf state; and bringing a linearity of the high power switch
above a prc-idcntilicdi lower limit of acccpiablc linearity for
tile lllgll pov el sw itcll.

[0018] According to another aspect the invemion pmvides
for a high poster switch comprising: a first trmisistor switch;
a second transistor switch: a tirst biasing controller fiir

receivin-

gng a first control voltage and for: biasing at a gate of the first
transistor sv itch at a tixed primary biasing fmction of the first
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control voltavge: and bhasuig at a source-dmin of the second
transistor a~itch at a fixe«I secondary binsing fniction of thc
tirst control voltage. a second biasing controller for receiving
a second control voltage and for: bi:Ising at a source-drain of
Ihc lirsi transistor sivitch at thc lixed scoondmy biasing frac-
tion of the second control voltage; and biasing at a gate of the
second tmmsistor switch at thc lixed primary biasing fniction
ol'he second comtrol voltage inpu( iv herein the first control
voltage and the second control voltage are each a di fferehht one
of a high svuhclrl cilltlrill voltage and a low system control
voltage. and wherein: a ma nitude of the difference between
theproductoftheprimarybiasingfmctionandthelo«system
control voltage and the product of the secondary biasuig
fraction and the Ihhvp system control voltage is less than a

magnitude of the difference bet«ecn the product of the pri-
mary biasulg fraction uld the high system control voltage and
the product of the secondary biasing fraction and the lov;

systenl control voltnge by only an amount sullicient I'or at
least one of: bnn hng spunous harmomc emhssions of said
second transistor su itch when biased to the off state below a

prc-iden«tied upper limit of acceptable spunous harnumic
enussions from the second tmlnsistor switch hn the otT state:
mid bringing a linearity of tlm high power switch above a

pre-hdenthtied loiler I«nit of acceptable fineanty for the high
power s'lvitch

BRIEF Dl',SCRII'TION OF THI', DRATVINOS

[0019] The features mid advantages of the invention will
bcccome more apparent I'rom the following detailed descrip-
tion of the preferred embodimentts) with reference to the
attacficdt figures, lvherein
[0020] I'ICi. IA is a circiut dkayam illustrating a prior art
llllplchllcntatloll of nl SPDT swltclllllg cll'clilt;

[0021] FICi IBisaisamrcuitdii ram illustratingasccond
prior art implementation of a SPDT swhtchuig circuit:
[t)022] FI(i. 2 is a circuit diaymn illustrating a SPIT'ivitch

according to one embodinient ol'he inlmntion,
[U023] FI(i. 3A is a diayam illustrating a multigate FET;
[0024] FI(i 3B is a cit'cull diagram llhlstl"ning thc multi-

gale FET of FIG 3A,
[UUZ5] Fl(i. 4A is a circuit diagram illustrating a transmit
bias controller:
[0026] FIO. 4B is a circuit diagram illustrating a receive
bias controller:
[0027] FI(i 4('s a circuit diagram illustrating thc electro-
static discharge prevention device of FIChS. 4A and 4B:
[0028] FI(1.5Aisacircuitdiagramillustratingasinglepole
triple tluow [SP3T) senes only a~itch according to an
embodiment of the invention:
[0029] FI(h 5B is a circmt diagram illustratuig a single pole
triple tluow [SP3T) senes only switch accordkn to an alter-
native embodiment of the invention:
[0030] FI(i. 6A hs a circuit diayam illustrating implemen-
tation of a lo«resistmice bias controller according to an
embodunent of the uivent«in:

[0031] FICi 6B is a circuit diagram illuslrating an alterna-
tive implementatioii of a low resistance bias controller
according to an embodiment of tlm invmltion:

[0032] FIO. 7A is a circuit diagmm illustrating a double
pole double throw [DPDT) ssories onlv switch acvording to nn
emblxliment of the uiventhim:

[0033] FI(i 7B is a circuit diagram illustrating a double
pole double throv; [DPDT) senes only switch according to an
alternative embodiment of the invention;

[0034] I'IO. 8A is a circuit diagram of a decoupled series
and shunt pnth circuit according Io im embodiment ol'he
lllvCll thol«

[0035] FI(i 8B is a circuit diagram of n decoupled series
only petti circuit according to an embodimehu of the inven-
tlOll:

[0036] FI(i 9 isa single pole N throw switch implcmcnting
dccollplcd scilfw ill«i shunt path circuiu according to nn
embodiment of the invention; and
[0037] Fhi 10 is a circuit diagram illustrating a double
pole double tluow [DPDT) shunted switch unplementhng
decoupled series and shunt path circuits nccording to an
embodiment of the invention.
[0038] It is noted that in the attached fiyires, like features
bear similar labels.

DETAII.IID DFSCRIPTION OF TIII I PREFI.RRFD
EMBODIMEN1S

[0039] While niaXimiring the on-state Vgsd for thc on-state
IIL'I youp sw itches and fully maximizing the off-state Vgsd
of the off-state I'I.IT group switches achieves respectively lolv

lllscrtloll loss and hhph hsolalhon ivhere uld as needed. a

quality of tile slgllails passlllg Ihlullgl'I thc tluhlsnllt-rccchvc

switch depends upon, nmongst other clings. thc particular
voltages chosen for off-state Vgsd and on-state Vgsd of the
FFTs lvithin the switch.
[0040] The inven«irs have fiiund hn the implemenlahiou of a

high poiver transnut-receive switch using sibc on on insulator
[SOI) wlfich has a breakdown voltage lower than thc switch
control voltage level and utilizulg a single or a senes ot'onnectedMOSFETs and/or MultiOate FL'Ts [MUOFETS),
that improved sigiml qimhty is obtained I'rom biasing the
I'FTs at a level other than at the I ugest possible bias withul
the reliability/breakdown limits of operation.
[0041] tile inventors have observed that npplyulg off-state
Vgsd to the off-state Fl-:T group sv;itches beyond a certain
voltage level has very little etl'ect on the isolation obtauled
therefrom and hence httle advantage hs gained from maximiz-
ulg thc oil-state Vgsxi ol the oti-state FI T group suhtcfma Ill

the smne level that the on-state I'ET group switches are
biased, except perhaps fiir simplicity ofdesign. The invmuors
luive also observed that at rclauvely high signal strengths,
spunous harmonic enussions were emanathn from the ofi'-

1 ta tc Fl'T gr(slip sic1lchcs alii I l(1 Ill 1 lie at c f1 i'c ts Ill Ibc s'w Itcll-

ing circuit resulted.
[0042] The spurious tlurd harmonic emissimis has a more
steep slope versus power dove tlrul that of the spunous sec-
ond harmonic enus sion s, but both kulds of spunous harmonic
emissions hncrmisc with increasui off-stnte Vgsd beyond a

certaul blas voltage. Nonlinear etTects in the lugh power
switch wmrc also fihund to increase with increasing off-state
Vgsd of the OIT-state. FET gloup swlhcllcs FOI'l 2.5 V SOI,
lolv levels of lmnnonic emissions and sufficient linearity,
werc found at off-state Vgsd ol' 5 V mid less whcrc hhc

channel linking the source md drain is not ul sirong inversion.
('onsidering the ncccd for isoLation, tlm operating off-state
Vgsd level for thc tonic«toff FFT group switches is cl«iscn io
be 1.1 V-I.S V. In geneml. the off-state Vgsd level should be
detmmined nfter ml acceptable upper limit to the spurious
harmonic emissions and an acceptable lower lhnut of linearity
have been identified. Such identification will of course
dcpcnd upon thc application in which thc switch is to bc used.
1he identification of these limits allows reduction of the
mayutude of the otT-state Vgsd by only the amount required
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to meet the spunous hannoruc and luleunty requirements. and
hmlce kccqhihhg ms imich of tlm bene(its of higher isolation that
large off-state Vgsd provides in companson with ofi-states
achieved by zem biasing or very small biasing of mh on
polarity Higher isolauml is achievexI by usmg a sighhhficahht

off-state Vgsd level. since the off-state switch is then able to
isolate larger amplitude signals to a greater degree than
switches applied with a small or imignilicant olf state Vgsd
[0043] I'or the on-state I'LT gmup switches, lower har-
monic mnissions tv ere found above a voltage 1m el close to the
gute to source breakdown volta e. With the 2.5V SOI tech-
nology,2.0-2.5Vofon-stateVgsduas foundtoexlubitavery
low insertion loss, and good linearity. ('onsidering the reli-
ability constraint of 2.5 V. the operating on-state Vgsd level
for the turned on FET group switches is chosen to be 20 V 2 5

V

[0044] Referring to FIGr.2. a single poledual thmu (SPDT]
transmit-receive switch 200 in accordance with a first
mnbodiment of tlm invention shill now be discussed in terms
ol'its structure

[0045] The SPDT switch 200 composes an antenmi 201, a
transmit terminal 202. a receive terminal 203, a transmit
branch grouml connection 281, and a rcceivc branch gnhund
colllleclh llll Z82. Along a signal path from the antenna 20 1 to
the transmit temhinal 202. tfm antmhna 201 is coupled to a

blociohhg capacitor 211 coupled ui series with a first senes
FET group switch 2ZU and another blocl ing capacitor 212.
Along a signal path from thc antenna 201 tu tlm receive
terminal 203, the antenna 201 is coupled to a blocking capaci-
tor 215 and coupled in series with a second series I ET group
switch 230 and another blocking mipamtor 216 Along a slnult
path from the transmit terminal 202 to the transmit bratich
groimd connection 281, thc transmit lenninal 202 is coupled
to the blocking capacitor 212, a blocking capacitor 213 m
senes with a first slnint FLT gmup sv,itch 240 and another
blocking capacitor 214 Along a slnult path I'rom the receive
terminal 203 to the receive branch round connection 282. the
receive terminal 203 is coupled to the blocking capacitor 216.
a blockulg capncitor 217 in series lsiib a srxohhd slumt FFT
group switch Z5U and another blocking capacitor Z18. Bach of
tlm series and slnmt FFT group slvitches 220, 230. 240. 250
comprises tlvo MUC)FBTs connected ul senes, and which
have conunon gate and bias connections.

[0046] Rel'erring nou also to FICi. 3A nnd FICr'B. (he

MUGFLTs employed in the embodiments descnbed herein
such as MU(iFI'IT 222 of FI(i 2 lvill bc described Fach
MUGFFT 322 composes a ate 321. a source 323. a drain
325, mid a source/dmin bias connection 327 coonectcxl to an
R bridge or tic R 326 tv hie h ensurcs that the DG voltage of the
drain 323 and the source 325 are the same. Betv;een the drain
323 and source 325 are a gmup of MOSFI',Ts [in this case
I'our] 324 conncctcd in series GohhhhcCtex) to each gate of thc
group of MOSFL'Ts 324 is a resistor fmm a group of gate
resistors 328, each of which is connected to tlm gate 321
Betweehh the ate 321 and the source 325 hs an antenna rule
circuit 329 comprising a set of diodes and resistors and is
included in order to satisfy the antenna rules required by
feb»cation.

[0047] As with tlm prior art, the gnte and sourccjdrain bias
connections of the I'ET roup slvhtches are connected to
various biasing terminals which ensure that the appmpriate
on or olf-state Vgsd is applied across each FFT group switch
at the appropnate time. As Ckscussed hereinabove, the inven-
tors have identifiixI that tile clhosen on-state Vgsd levels

should be 2.0 V-2.5 V sshile the chosen oif-state Vgsd levels
should be 1.1 V-I 5 V To achieve thc multiple levels of
buising required ul the transmit-receive circuit a spec»hi bias
controller architecture has been provided. In thc SPDT circuit
200 there are two such controllers. a trmlsmit bias controller
260 and a receive bias controller 27U.

[0048J Referring now also to Fl(i. 4A. Fl(i. 4B, and FIC).
4(', the architecture for thc transmit and rcweive bias control-
lers will nou be described. A transmit bias controller 460 is
depicted in FICr. 4A. fhe transmit bias controller 46U is

essenu ally a voltage divider spamung a I I I!LO mput temluud
461 and ground 469. The Ill/LO input terminal 461 is coupled
across a first resistor 466 to a primary bias output 462 wlfich
ul turn is coupled across a second resistor 467 to a secondary
bias output 464 lvhich is coupled across a third resistor 468 to
gmund 469. C'oupled between ground 469 and the HI.'I,O

ulput terminal 461 is an LSD (flectmstatic dischar e] pre-
vention circuit 463 for HBM (human body model) of 200 V

and above.

[0049] An BSD 403 lshich may be used in a bias coniroller
as ilhistratcd in I'ICi. 4A and FICi. 4B is depicted in FI(k4('nd

comprises a number of diodes arran cd in a loop in an

opposing filshion In the I;SD 403 akmg one side of the loop
benvccen the positive terminal 403 A and the negative terminal
403B nre one diode 403F, dircchcxI towards thc positive ter-
minal 403A, svhile along the other side of the loop benveen
the positive terminal 4035 and the negative terminal 403 B are
shx Ckodes 403 I'irected tov ards the negative temunal 403B.
The number of diodes ui the foi ward and reverse diode stacks
can bc reduced or incrcascd based on tlm turn-on voltage of
the Ckode.

[0050J The resistors 466. 467, 468 of the bias controfier460
are chosen such that lvhcn thi: HI/I,O input terminal 461 is m

Vjjj the voltage at the primary bias output 462 hs at a level
which is ideal for on-state Vgsd, while the voltage at the
secondtuy bias output 464 is at a level which is ideal lihr

ofilstate Vgsd. Tile nstho benveen Vjjj and the voltage at the
primary bias output 462 is set by tlm ratio ol'hc total resis-
tance ol'ull of the resistors 466, 467. 468 to thc resistance of
the second 467 and the tlfird 468 resistors sunmied together.
The rntio betv;coun v jjj and the voltage at tlm secondary bias
output 464 is set by the ratio of the total resistance of all the
resistors 466, 467, 468 to the resistance of the third resistor
468

[0051] ln an embodiment utdized in a traCktional WLAN
radio, the 3 0-3 6 V switch control lines are utilized for V»»
while V„, typically ran cs between 0 0 V and 0.3 V In m

embodiment utilizing a V,» of 3.3 V and V„, of 0.15V. the
first res i ster can bo chosen to bc 30 k(Z, the second resistor can
be chosen to be 22 kf h wlule the third resistor can be chosen
to be 48 k(l. When the HI/I.O input tennina1461 is at V»j the
voltage at the primaD bias output 462 is 2 31V while thc
voltage at the secondary bias output 464 is l. 584 V tyhen the
Hl/LO input terminal 461 is at Vz», thc voltage at the primary
bias output 462 is 0.105 V v, bile the voltage at the secondary
bias output port 4(r4 hs 0.072 V.

[0052] A receive bias controller 470 is depicted in FR i 4B.
The receive bias controller 470 has the same stnicture as the
transmit bias cohhtroller 460, having an input terminal 471, a
first resistor 476, a pnmary bias output 472, a second resistor
477. a secondary bias output 474. a tlfird resistor 478, a

ground connection 479. and an ESD prevmltion circuit 473.
The considerations which determine wluch resistances are
chosen for the first, second, and tlhird resistor 476. 477. 478,
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are the same as tlnise wluch were described in association
with the transmit bias controller 460. As a consequence, first
resistor 476 is chosen ui be 30 kP., tlm scc&uMI resistor is

chosen to be 22 kr h s& bile the third resistor is chosen to be 4g
kr b

[t)053J In sonw. embodimentn a voltage divider providing
the appropriate division ofVi«and Vi &i colllpnses appropn-
ate diode stacks.

[U054] Referring once again also ni Fl(i. 2, a primary bias
output 262 of tlm transmit bias controller 260 is coupled io the
gate of the iik. t sencs FFT group s&vitcli 220 and is also
coupled to the gate of the s ceno ad slnuit Fl! I'roup switch 25U,

while a secondary bins output 264 of tlm tmnsmit bias con-
troller 260 &s coupled to the source/draui bias connection of
thc second series Ff!T group switch 230 and is also coupled to
Uie source/drain bias corn&ection of the tirst shunt I'ET group
switch 24U. A primary bias output 272 of the receive bias
contmller 270 is couplcvf to the gate of thc second series Fl-'!T

group switch 230 and &s also coupled to the gate of the first
shunt I'L'T group switch Z4U, while a secondary bias output
274 o I'ihe receive bias controller 270 is coupled to thesource,'ms

in bias connection of the first senes I'LT group sv itch 220
&md is also coupled to the source/dmin bins of thc second
shunt I'ET group sivitch 250.

[0055] Tlm SPDT s&vitcb 200 ol'i(i 2 &sill now bc
descnbed in terms of its function,

[0056] As with the pnor art. in order to ensure low insertion
loss and adequate isolation, &vhen the antenna 201 is utilized
for trmiam i as ion, the tirat s cries FL''roup switch 22 0 and the
second shunt 1&L'T youp switch 250 are provided with on-
stateVgsd such that a strong inversion layer creates a lov;
resistance path bet&seen source and drain di fTi&sions w la le the
second senes FL'T group ss& itch 230 and the first slnuit FL'T

group sv'itch 240 are provided off-state Vgsd &shcrcin no
channel is established. In order to reduce spurious harmonic
caus sions and to impmve linearity, on-state Vgsd is chosen to
be at a level between 2 OV and 2.5V &vhi le olT-state Vgsd is
chosen to be at a level between 1.1V uid 1.5V.

[0057] When thc SPDT s&vitcb 200 is utilized for iransmis-
sion. Vrn is applied to the Hl/LO input terminal of the trans-
mit bias controller 260 while Vz„ is applied to the HI/I,O
&nput ternunal of the receive bias controller 270. Conse-
quently, the gates of the first series I-'I.T group switch 220 and
thc second slnint FFI'roup switch 250 arc held at 2 31 V
wlule the source/drain bias connections of the second series
Fl-!T youp switch 230 and the first shunt FET group switch
240 me held at 1.504 V. Also. the gates of the tirst shunt FET
group switch 240 and the second series FET group sw itch Z30
are held at 0 105 V w bile the source/drain bias connectionsol'he

tirst series FL'T roup switch 220 and the second slnuit
FET youp switch Z5U are held at 0.070 V. The resulting
on-state Vgsd across each of the I irsi series F ET group sw itch
220 and the second shunt I'LT group switch 250 is 2.24 V,

while tlm resulting ofttstnte Vgsd across cack of the second
senes Fl &T group switch 230 and the first shunt FET gmup
sv,itch 24U is 1.479 V.

[U058] Conversely, when the Sl'DT switch 200 is utilized
for reception, Vzo is applied to thc Hl/1,0 input terminal of
the transmit bias controller 260 while Vm is apphed to tire
Hl/LO input terminal of the receive bias controller 270. The
result is an on-smte Vgsd of 2 24 V appliccdl across each of the
second senes I'L&T group sw itch 230 and the first shunt I'L&T

group switch 240. along with an off-state Vgsd of 1.479 V

apphkzl across each of the first senes FET group ss& itch 220
and thc second shunt Fl',T group switch 250

[0059] During normal operation I'or which only one of
transnussion or reception is used. one of the transmit bias
controller 260 and the rcvki&m bias controller 270 is input widi

V,&, while thc other is input iv&tll Vs&i As di sci'i&bed ab&rvc„

tlus ensures that proper biasing of tlie FET group sssitclies
220. 230, 240, 250 is achicvcd. For loopback mode, both thc
transnut bias contmller 260 and the receive bias controller
270 are input with Vnr cmising both slnuit Fl!T group
switches 240. 250 to turn olT and boih senes FET youp
switches 220. 230 to turn on.

[0060J Referring now to I" l(L 5A, a suigle pole triple throw

[SP3T) series only transmit-receive switch 500u in accor-
dance with an embodiment of the invention v;ill nov, be
discussed in terms of its structure. Unbke the SPDT switch
200. Ihe SPST switch 500a depicted ut Fl(i. 5A does not have
any paths or st&itches for shunting to yound.
[Ut)61] The SP3T switch 5UUu comprises anantenna 5UI, a

first trmismit terminal 502, a second transmit terminal 503,
aud a n'calve tin&I&nial 504. Along a signal path from the
antenna 5 U 1 to the first transmit terminal 502. the antenna 5UI

is coupled to a blocking capacitor 511 coupled in series with
a first senes FL'I'oup switch 520 and another blocking
capacitor 512. Along a siyml path from the antenna 501 to the
second tmnsnut terminal 503, the antenna 501 is coupled to a
blocking capacitor 514 and coupled in series with a second
series I'FT group switch 530 and another blocking capacitor
515. Along a s&yial path from the anterum 501 to the receive
terminal 5U4, tlie antenna 5U1 is coupled to a blocking capaci-
ior 513 m series v &th a tlurd senes I I!T youp sw itch 540 aud
another blockuig capacitor 516. As with the embodunent
dcpic ted in F ICi. 2, each of the series FFT group switches 520,
530. 540 comprises two MUC!I'ET s coruiected in series. how.-

ever, althou h each pair have a conunon gate, they do not
share source/dmin bins connections

[0062] As with the embodunent described hereinabove. the
gate and source/drain bias connections of the I'L'T group
a~itches are connected to venous biasuig terminals winch
ensure that the appropriate on and off-state Vgsd is applied
across each FFT group switch at tlm appropriate time. As
discussed hereuiabove, the inventors have identdiwf that the
chosen on-state Vgsd levels should be 2.0 V-2.5 V while thc
chosen oflzstate Vgsd le&mls should be I I V- I 5 V As w ith the
embodiment descnbed above, bias controllers are used to
achie&m tlm mubiplc levels of biasing rcquired in t1m transmit-
reccivc switch In thc SP3T switch 500u there are threesuch
controllem, a first tmnsmit bias controller 560, a swond trans-
mit bias controller 570. and a receive bins controller 500

[0063] A pnmary bias output 562 of the first transmit bms
controller 560 is coupled to tlm nate of the hn t series FET

gmup svntch 520, while a secondary bias output 564 el'he
first tmnsmit bias controller 56U is coupled to mi nnode of a

diode 532, &chose cathode is couplcsf m &he sourcm/drain bias
connection of mie of the MIIC&FI iTs of the second sensa I ET
group switch 53U. fhe secondary bias output 564 of the first
trmisnut bias controller 560 is also coupled to an anode of a
second diode 544, wlnise catluide is coupled to the source/
du&in bias connection of one of the MU(IFI-Il s of tlm third
series FET youp switch 540. A pnmary bias output 572 ofthe
second transmit bias controller 57U is coupled to the gate of
the second series FET group switch 530. while a secondary
bias output 574 of the second tmsnsnut bias controller 570 is
coupled to an anode of a third diode 524, ivhose cathode is
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coupled to the source/drain bias connecuon of one of the
MUCiFFTs of thc lirst svrics FlsT group su itch 520 Thc
secondary bias output 574 of the second tmsnsmit bias con-
troller 570 is also coupled to an anode of the fourth diode 542,
whose cathode is coupled to the somce,'drain bims ol'oneol'he

MU()FFTs of the third series Fk''roup switch 540. A

primary bias output 582 of the receive bias controller 580 is

coupled io the gnie ol the third series FIIT oroup su itch 540,
wlu le a secondary bias output 584 of the receive bias control-
ler 580 is coupled to an anode ol'a tifth diode 522, svhosc
cathode Is coupled to the source/dmiui bias connection ofone
of the MU()fbi s of the first series FLT group switch 52U.

The secondary huis output 584 of the receive bias controller
580 is also coupled to an anode of a sixth diode 534. whose
cathode is coupled to the source/drain bias of one of the
MUGI'ETs of the second senes FET gn&up su itch 530.

[0064] Each of the first and second transnut bias controller,
and the receive bias controller has the same structure mid
I'unction as the bias controllers depicted in FIG 4A and FIG.
4B.

[UU65] fhe SP3T switch 50Ua of FI(i. 5A will novv be
described in terms of its function

[0066] As with thc embodimcms described abosm, in order
to ensure loss insertion loss and adequate isolation, when the
'llltcllliii 301 is utilized along onc of thc first and second
transnut paths, and the recco e path. the corresponding one of
the senes I'FT group switches, is provided with an on-state
Vgsd bims level while the renmining two series FFT group
sv;itches are provided with an ofigstate Vgsd bias level. As
described above. in order to reduce spurious Iiarmonic emis-
simis and to improve hnmrity, on-stateVgsd is chosen to be at
a level be«veen 2.0 V and 2.5 V while off-state Vgsd is chosen
to be at a level between I. I V and I 5 V

[0067] When the SP3T switch 500a is utilized for transmis-
sion from the first transmit terminal 502, Var is applied to the
IIELD input ternunal of the first transmit huis controller 560
wlule VCI, is applied to the lll/LO input ternunals of the
second tmnsmit bias controller 570 and the receive bias con-
uoller 580. Consequently, the gates of the first senes I'L'T

group switch 520 are held at 2.31 V wlule one of the ssmrce/
drain bias connections of thc second series FFT group switch
530 mid one of the source/dmin bias connections of the third
series FFT group switch 540 are lmld at I 584 V. 'The gates of
Ihe second series FET group sivitch 530 and the Ihird series
FET roup sivitch 540 are held at 0.105 V while the source/
drain bias connections of the tirst series I'ET group switch
520 and one of the source/dr un bias connections of each of
the second and tlfird series Fl', f group sv;itches 53U. 540 are
held at 0 070 V The resulting on-state Vgsd across the iirst
series FET group switch 520 Is 2 24 V One MUGFL'T ofeach
of the ssecond and third series Fk T group switches 530. 540 is

provided an off-state Vgsd le«el of I 479 V, ufulc a second
MUCil&ET of each of the second and third senes FL'T group
su itcfms 53 0, 541) is unbiased by u ay of the respective diodes
534. 542 stoppuig any leak Ige current caused by a 0.035V
apphed across the second MUGI'ii f in a reverse direction to
Ihe diode

[U068] When the SP3T switch 500a is utilized for tmnsmis-
sion from the second transmit terminal 51)3, Vnr is applied to
the I II/LO input tennuial of the second transnut bias csiiltrol-
ler 57U wliile Vr o is applied to the HELD input terminals of
the iirst transmit bias controllm 560 and thc receive bias
controller 580. The result is an on-state V sd of 2.24 V

apphed across the six ond series Fl 'I'roup s« itch 530, along

with an off-state Vgsd of 1.479V applied to one MUGFE1
and a zero bias applied to the other MUG)I'L'T in each of the
lira) &vries FFT group suitch 520 mid the third series FFT

gmup switch 540.

[0069] When thc SP3T switch 500a is utifizixI for recep-
tion. Va& is applied to tlm HI/I 0 input terminal of the receive
bias controller 580, wlfile V„, is applied to the HI/LO input
terminals of the first and second tmnsnut bias controllers 560,
570 The result is an on-state Vgsd of 2.24 V applied across
the third series Fi) I'roup switch 540, along with an off state
Vgsd of 1.479V applied to one MUGk'ET and a zero bias

applml to the other MUC&FFT in each of the first series I'ET

group switch 520 and tlm second ~eries FFT group switch
530

[0070] During normal operation I'or which only onc of
transmission over thc first or second transmit terminal or
reception over the receive ternunal is used, one of the bius
contmllers 560,570. 580 is input withVia v tule theothertwo
o!'the bias controllers is input with Via As dcscribcd above
tlus ensures that proper on and off-state Vgsd biasing of the
FL'T gmup switches 520. 530. 540 is achieved.

[0071] Referring now to FIG 5B, a single pole triple tlmi«
(SP3T) senes only trunsmit-receive switch 50Uh in accor-
dance with mx&ther embodiment ol'tlm inventmn «ill now be
ifiscllsscd

[0072] The SP3T su itch 5006 illustrated ut FIG 5B differs
from thc SP3T dcpictcxI in Fl(i. 5A by instead of having two
diodes associated vvith and coupled to each Fl.)T ~coup

switch, it uicludes three appropnately coupled "OR" logic
gates Facii of the first, second. and tlurd bias controllers 560,
570. 580 is associatcxI with a rcspcctivc FFT group a«itch
52U. 530, 540 by virtue of the primary bias output 562. 372,
582 of the bias controller 560, 570, 580 beuig coupled to the
gate of the respective I'IIT group switch 520, 530. 540. I tach
of the first, second, and third FET group switclms 520, 530,
and 540 is coupled at its source'drains to the lop'c output ofa

respective first. second, and third "OR" logic ate 525, 535,
and 545. Inch "OR'* logic gate is input with the secondary
control voltages of controllers associated «ith tlm nvo FET
gniup switches it does not provide its primary bias output to.
For exmnple, the hrst "OR" logic gate 525 is input with the
secondary output of the second and third bias controllers 570,
580. the second "OR" logic gate 535 is input ivith the sec-
ondary output of tlm first and third huis controllers 560. 580.
ubile the tlurd "OR" logic gate 545 is input with the second-

ary output of the first and second bias contmllers 360, 57U. In
Ibis implementntion, the lmd;agc current at dmin-source bias
is much less than that acluevable by the embodiment depicted
in FI(i 5A Fach "OR" lugic gate 525, 535, 545 is supplied
u 1 ill 'I voltage Via& 'lv lllcl'I can be Pmvided lrom an extental
voltage source or from analogue circuitry that can detect the
logic I'liglt colitrol voltagi. arid transfci't litt/I Voi& fi&r thc
"OR" logic gate lt is clear that for a I'L'T group swiich is
provided with on-state Vgsd at its gates. since the "OR*'ogic

gate it is nssociati d with v ill rcccivc tuo lou inputs (0 072~V)

it provides a low logic output (0 072V) to the source/drains of
the Fl')T gmup switch. rY FI.T gnmp which is not provided
uith an on-state Vgsd at Its gates, has 0,105M applied to its

gates, and since the "OR" logic gate vi ith which it is associ-
ated is input with one high and one low input (1.584V and
0.105V), a voltage of 1.584V is apphed to its source/drains
resulting in tlie proper off-state Vgsd of 1479V.
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[0073] Refernng to I'ICi. 6:k, a low resistance bias control-
ler 660&& ut&1&zuig low resistance to reduce the RO (resistnnce-
capacit mcm) time constant of the st&itching gntc w

e' ll

n&m bc
described.

[0074] The low resistance him contmller 660a, is similar to
the bias controllers described lmrcinabove in that it is essen-
tially a voltage divider spanning a I II/LO input terminal 661
and pound 669. The Hl/LO input terminal 661 is coupled
across a diode loop 665a and a first resistor 666 to a primnry
bias output 662 winch ui turn is coupled across a second
resistor 667 ro a secondary bias output 664 which is coupled
across a third resistor 668 to ground 669 Coupled bet~eau
ground 669 and tlie Hl/LO input terminal 661 is an FSD
(Flcctrostatic discharge) prevention circuit 663 for HBM (in&-

man body model) of 200 V.

[0075] In an embodiment unlizing a Vi i ot'3.3 V and a Vie
of0.15 V, the first resistor 666 can be chosen to be 1.3 k&1, tire
second resistor 667 can be chosen to be 1. 5 kf8 while the third
resistor 668 can be chosen to be 2.2 kt 8 SVhen the HI/I.O
input tenniiial 661 is at Vvm the voltage at the primary bias
output 662 &s 2.442 V w lute the voltage at &lm secondary bias
output 664 is 1452 V. )Vien the HI/LO input terminal 461 is
at Vr o, thc voltage at tlm primmy him output 662 is 0 111 V
~bile the volt i c at tire scccondary bias output port 664 is
0.066 V.

[0076] The low resmiaoce bias controller 660a functions
the same as the bias controllers described hereinabove except
1'or the reduced RC: time mmstant which speeds up s&vitching
fhe diode loop 665a, comprises diodes in a dual directional
contiguration to reduce thc control line current leaking to

round v;hieh would hnve othemv ise resulted fmm the dmp of
resistance levels.

[0077] In a sunilar embodunent depicted in FICi. 6B, two
diode loops 665b, 665& suuilar t&i thc single diode Imip 665n
ofFICi. 6A are placed within the bias controller 66 0b between
the second resistor 667 and the secondary bias output 664,
mid between thc third resistor 668 and ground 669 This
embodiment exlub&ts much lo~er leakage at the control hnes
mid much faster turn-on and turn-off time due to the charging
anddischargin behaviorsoHhediodeswh&charemuchnmre
rapid than tlmt of a resistive ladder. Moreover, the resistors
and additional diode loops provide secondary HRD protection
lo the ates of the switch FHTs.

[0078] Rel'erring to FIC) 'IA, a double pole dual till'&m

(DPDI') series only transmit-receive switch 700 in accor-
dmice with an embodiment of tlm invention will now be
discussed ui terms of structure.

[0079] The DPDT switch 700n comprises a lirst antenira
701. a second amennu 702, a transnut terminal 703, and a
rcccivc tcnmnal 704 Along a si ital path from tlm tirst
antenna 701 to the transiuii terminal 703. the tirst antenna 701
is couplext to a blocking capacitor 711 coupled in series with
a first series FFT group switch 720 and mmther blocking
capacitor 712. Along a signal path from the tirst antenna 701
to the receive temiinal 7(I4, the antenna 701 is coupled to a

blocking capnc&tor 715 and coupled in series with a second
series FL'T group sii itch 730 and another blocking capacitor
716..Along a signal path from the scmond nntennn 702 to the
tmnsmit ternunal 703. the second antenna 702 is coupled to a

blocking capacitor 714 coupled in series with a third series
Fi T group switch 740 nnd nnother blocking capacitor 713
Along a signal path from the second antemm 702 to the
receive terminal 704, the antenna 702 is coupled to a blocking

capacitor 718 and coupled &n series with a fourth series FL'1

gmup sv itch 750 and miotlmr blocking capacitor 717

]0080] As with thc cmbodimmits dcscribcd hereinabove,
the gate and source/dmin bias connections of the I HT group
switches are connected to various biasing tenninnls which
ensure that thc appropriate on aml ofitstatc Vgsd lmels nre

applied across each I'FT group sw itch at the appmpri ate time.
As discussed hereinabove, tlm inventors trave identified dint
the chosen on-state Vgsd levels should be 2.0 V-2.5 V wlule
the chosen otf-state Vgsd levels should be 1.1 V-I.SV. The
DPDT circuit 700u has two states ofoperation hi a first state,
the DPDT circuit 700u couples the first antenna 701 with the
uansmit temiinal 703 and couples the second antmina 702
with ihe receive terminal 704. In a second state. the DPDT
circmt 7UUa couples the first antenna 701 with the receive
terminal 704 and couples the second imtenna 702 i&i&i the
transnut terminal 703 To provide these two states. the DPDT
circuit 7UUa has tivo bias controllers, a first state bias control-
ler 760 and a semmd state birn controller 770

[0081] A prinuiry bias output 762 ol'he lirst state bias
conuoller 76U is coupled to the gate of the first and fourth
series FFT group switclms 720 750. A secondary bias output
764 of the lir t state bias controller 760 is coupled to the
source/dmin bias connections of the second and third series
FFT group switches 730 740. A primary bim output 772 of
the second state bias controller 770 is coupled to the gates of
the second and third series Fl'.T ~veep switches 730 740 A
secondary bias output 774 of the second state bias controller
77U is coupled to the source,'drain bias connections of the first
and fourth series I'I')1'roup siv itches 720, 750.

[0082] The DPDT switch 700a of I'ICi 7A iv&11 now be
described &n terms of its function. In order to reduce spunous
harnumic eniissimis aml to improve linearity, tfie on-state
Vgsd &s chosen to be at a level bet~eau 2 0 Vend 2 & V ivlule
the off-state Vgsd is chosen to be at a level between 1.1 V and
I SV

[0083] IVhen the DPDT 700u is in the first state, the first
antenna 7U1 is utilized for transmission while the second
amenna 702 is utilized for reception. Tlus is aclueved by
applying Viz&to the Ill/LO uiput terminal of the fimt state bias
controller 760 mid applyin Vzo to the III/I.O input termuinl
of the second state bias contmlfer 770. As with the embo&h-

nwnts described Imreinabovc, in order to ensure luiv insertion
1&isa nml adequate isolati&m, in this state. the first and liiurth
series FET gr&mp switches 720. 750 located respectively
betwcmn thc transmit terminal 703 mid the first mitcmia 701

and ben& eau tire receipt terminal 704 nnd second antenna 702
are both provided with on-state Vgsd while the second and
third series FFT group sv;itclms 730, 740. located rcspm-
tively between the tmnsmit terminal 703 and the second
antenna 7U2 mid benveen the receive tenuinal 7(14 and the
lirst mitcnna 701 are both provided with oft'-state Vgsd

[0084] Conversely, when the DPDT 7UUa is in the second
state. &hc second antenna 702 is utilized for transmissimi and
ihe first uitenna 701 is used fir reception. This is achieved by

applying Vzo to the H I&1,O input terminal of the hrst state bias
controller 760 and applying V&&i to tlm HI!I,O input tcrmuinl
of the second state bias controller 770. As &i ith the embodi-
ments described imreinabovc, in order to ensure knv insertion
loss and adequate &solanon, &n tlus state, the second mid third
series FFT gmup sivitches 730. 740 located respectively
bctwcccn tlm transmit terminal 703 and thc second mitcnna
702 and betv, een the receipt ternunal 704 and first antenna
701 are both provided witli on-state Vgsd while the first and
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fourth series FEI'oup switches 720. 750, located respec-
tively bet&scen tlw trans mt( terminal 703 and thc first antenna
701 and between the receive ternunal 704 and the second
mitenna 7()2 arc both provided with otT-state Vgsd.
[0085] Referruig to FIG&. 7B, another double pole dual
throw (DPDT] series only transmit-receive switch 7UOb in
accordance with an embodunent of the uivention will now be
discussed in terms of stnicture.
[UU86] The DPDT switch 700b comprises the same capaci-
tors 711, 71Z. 713, 714, 715. 716, 717, 718, antennas 7U1.

702. ternunals 703, 704, and I'ET youp switches 720. 730.
740, 750 and tire same signal pathways connecting these
components together. as the DPfyf svvitch 700a depicted in
FIG. 7A. The DPDT switch 700b of FIG. 7B, ho~ever, does
differ from the DPDT switch 70Ua offrNJ. 7A in respect of the
bias controllers and associated circuitry used to appropriately
bias the I'ET youp sv, itches 720. 730. 740, 750.

[0087] As with the embodiments descnbed hereuiabove,
tlm gate and source/drain bias connections of the FFT group
sv itches are connected through uppropriate circuitry (o ven-
ous biasing terminals vihich ensure thnt the appropriate on
and olT state Vgsd is applied across each FFT gnnip sw itcli at
the appropriate tune As dtscusscvf heieuiabme, the utventors
have identified that the chosen on-state Vgsd levels should be
2 0 V-2.5 V while the chosen &illus(etc Vgsd levels should bc
J.l V-J.S V. Jn the DPDT circuit 700b of 1&I&i. 7B there are
four bias controllers, a fimt transmit bias controller 725. a first
receive bias controller 735, a second transmit bias controller
745. and a second receive bias controller 755.

[UU88] A primary bias output 726 of the first transmit bias
controller725 is coupled to the etc of'the first senes I'IT
group st&itch 720. A prunary bias output 736 of the first
reccivc birwv cont miler 735 is coupfcvf to the gate of'thc second
senes TETgroupswitch730 Aprimarybiasoutput746ofthe
second trunsnut bias controller 745 is coupled to the gate of
the third series TTT group switch 740 A primary bias output
756 of the second receive bias co atm lier 755 is coupled to the
gate of tlw fourth series Ff T group switch 750.

[0089] A rcspectivc scvondary bias output 727, 737, 747.
757 of the first transmit huis controller 725. the first receive
bias controller 735, the second transmit bias controller 745,
and thc second receive bias controller 755 is coupled to
respectively to one of four uiputs of a quadruple uiput "OR"

logic gate 705. The quadruple input "OR" logic gate is

coup!cd to power source V»r, A logic &iutput 705a ol'hc
quadruple input "OR" logic gate 705 is coupled to the source/
drain bias connections of each of the first, second, third and
fourth FET group switches 720, '730. 740, 750.

(0090] The DPDT a~itch 700b of FIG. 7B wtff now be
described in terms of its huiction.
[0091] As w ith the embodiments dcscribcd hereinabove, in
order to ensure lo&v insenion loss and adequa(e isolation,
when the first antenna 701 is util ized for trna amis sion, the hrst
FFT group sw itch 720, located bet&veen tlm transmit terminal
703 and the first antenna 701 is pmvided with &m-state Vgsd
while the remainder of the Fk f group switches 730. 74(). 750
arc provided with olT-state Vgsd l,ikcsv iso when the second
antenna 702 is utilized for transmission, the third FLT group
sw itch 74(l is provfdkvf with on-&tate Vgsd while tlm remain-
der of the FET youp switches 720, 730, 750 are provided
with off-state Vgad. When the first antenna 701 is utilized for
reception, the second FFT croup switch 73(J is biased with
on-state Vgsd wlule the remainder of the FL&T group switches
720, 740, 750 are biased with reverse polarity. When the

second antenna 702 is utihzed for reception, the fourth FL'1

gmup switch 750 is provided with on-state Vgsd while thc
remainder of the FET group switches 720. 730, 740 are pro-
vided with off-state Vgsd.
[0092] ln order to reduce spunous harmonic emissions and
to improve linearity, the on-state Vgsd is chosen to be at a

level bet~eau 2.0 V and 2.5 V while the ofltstate Vgsd is
chosen to be at a level between 1.1 V and 1.5 V.

[0093J In order to achieve the bmsing levels descnbed
above. the quadniple input "OR" logic gate 7U5 is arranged to
pmduce a J.JV- 1.5V loyc lngh and UV loyc lo&v signal from
its logic output 705a. Moreover. the internals (resistors und/or
diodes] of the controllers are set to provide a ratio such that
the primary outputs thereof, v'hen the controller receives V,rr
at its HI/LO input temiinal. provides a voltage which is at
lmist 2 UV-2.5V ntore the 1 JV-J.SV ou(put from thc qua-
druple input "OR" logic gate 705. The voltages of the primary
bias omputs of the bias controllers may be slu fied if required,
or&i'tliequulnipleutput "OR" logic ateprovidesalogiclugh
si nal of 1.15V the pnmary outputs of each bias controller
can be set to provide 3.2V by appropriate configumtion of
internals

[0094] W1&en the DPDT switch 700b is uiihzed f&ir trmts-
mis sion over the first antenna 701. V»r is applied to the HI/LO
input terminal of thc first trmtsniit bias controller 725 while
V« is applied to the Ill/LO input terminals of the remainder
of the bias controllen 733, 745, 755, mtd wlmn Cte J)plyl'witch

700b is utilized for tmnsmission over the second
antenna 702, V», is applied to the HELD input terminal of the
second trmismit bias controller 745 while Vzo is appficvf to
the IIELD input terminals of the remainder of the bias con-
trollem 7Z5, 735, 755.

[0095] Additionally, when the DPDT svvitch 700b is uti-
lized for reception over the first uitenna 701, Vm is applied to
the Hl/LO input ternunal of the first receive bias controller
735 while V« is applied to thc III!I 0 input term uinls of'he
remautder of the bias controllers 725, 745. 755, and when the
DPDT switch 700b is utilimd for reception over the second
alt(em&a 702, Vis&is app J&evf to tl&c

Ill 

'I 0 input t& rmitial oBhe
second receive bias controller 755 wlu le V„, is applied to the
Hl/I 0 input tcnninals of the remainder of the

birn&

controllers
'725. 735. 745.

[0096] Referring to FIG. 8A, a decoupled series shunt path
circuit generally indicated by the numeral UUOa, according to
an cmbodinient of thc invention will now be discussed in

terms of stnicture.

[0097] The decoupled series and shunt path circuit 800a
spans a sigiral pathway Irom a receive terntiiml 802 to mt

antenna 801. and a shunt pathway from the receive ternunal
802 to a y ound connection 803. Along a signal path from the
mitenna 801 to the receive terminal 802. the antenna 801 is
coupled to a blockuig capacitor 817a coupled in senes with a
series FET group switch 819 mid another blocking capacitor
817b. Along a sigiml path from the receive terminal 802 to the
ground connection 803. the receive terminal 802 is coupled to
ihe blocking capacitor 817b coupled in vvries with a shum
I'ET group switch 815 and a liinher blocking capacitor 817c,

[0098J A single receive bias controller 812 similar to that
depicted in Flti 4A alimg with a primary inverter 816 and a

secondary tave&ter 811 provide the required on and off-state
Vgsd signals to the FFT group switclies 819. 815. A primary
bias output 813 of the receive bias commllcr 812 is coupled to
u gate of the senes I'LT youp svvitch 819. and is also coupled
ui an input of the primary inverter 816 whose output is
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coupled to the gate of the shunt I'EI'roup suttcft 815. A
shvoadary bias output 814 o I'I lie rhvcivs b i ms controller 812 is
coupled to the source/drains of the shunt FFT youp switch
8(5, and is also iaiuplc&1 to nn input of the shvondary inveiter
811 whosv. output is coupled to the source/drains ol'the ~eries
FET gl'ollp swltcll 819.

[0099] The primary inverter 816 is a scaled voltage uiverter
ill that it outputs OV when a signal of 2.3 1 V is applied to its
inpuL mid outpurs 2 31V ulmn OV is appbcd to its input Tlm
secondary invener 811 is also a scaled voltage inverter, pro-
vidinganoutputofOVwhmiinputwith I 584Vandproviding
an output ol 1.584'v wlmn mput imth 0'v.

[0100] I'he decoupled series mid shunt path circuit 800a
will nov, be discussed ui terms ol luncuon.
[0101] When the senes and shunt path circuit 800a is used
for reception. the single receive bias controller 812 is input
with a Vm signal ot'3BV at its Hl/I.O input terminal. This
causes 2.31V to be output from its pnmary output 813 and
applied to the gate of the series Fl'.1'roup sivitch 819. and to

the input of the secondary uiverter 816, and also causes
I 584V to be output from its secondary output 814 and
applied to the source/dmins of tfw. shunt FFT group switch
815. uid the uiput of the sectmdary uiverter 811. The pnmary
inverter 816 and the seconoary invcrter 811 therefore both
output a low signal of OV and as a rhsulL thc series FFT gmup
svvitch 819 is provided an on-state Vgsd of 2.31V. wlule the
shunt I'I'IT group switch 815 is provided mi off-state Vgsd of
1.5S4V. These are the chosen mn es described in association
with the embodiments described above for on and off-state
Vgsd biasing to allow rhvcption while isolating thc signal
path from yound.
[0102] When the senes and slnint path circuit 800a is not
used Ior reception, thc single receive bias controller 812 is
uiput with a Vho signal at ns Hl/LO uiput tenniiial. This
causes 0.105V to be output from its primary output 813 and
app bed to Ihc gate of thc series Fl',T group six itch 819. and to

the uiput of the prunary uiverter 816. and also cmises 0.072V
to be output front its secondary output 814 and applied to the
source/drainsol'theshun(FETyoupsuitch815. andnnmput
ofthe secondary inverter 811. 1 he prunary inv erter 816 there-
fore outputs n signal of2.31V and npp lies it to tlm gate of the
shunt FFT youp sis itch 815 while the secondary i aver(sr 811
outputs a signal of I SSUV and applies it to the source/drains
of the series FET group siv itch 819 As a result, thc shuntI'Fl'roup

switch 815 is provided an on-state Vgsd level of
2 238V, while the series FLIT group switch 819 is provide an
olT state Vgsil lcvhl (ll' A79V Thcsc arc within tlic chosen
ranges m order to reduce spurious lmnnonic emissions and to
improve linearity as described above for on and off state Vgsd
busses to block reception wlnle shunnng the receive ternunal
802 tii gfoiilltl.

[UIU3] Referring to FIG. SB, a decoupled series only path
circuit generally indfcathxf by the numeral 800b. according to
an embodiment of the invention will novi be discussed in
terms of stnicture

[0104] Thc decoupled series only path circuit 800b spmis a

signal pathivay from a receive ternunal 802 to an antenna 801.
Along a signal path from the antenna SU1 to the receive
terminal 802, the an tcnivi 801 is co up fhsf to a bkmking cnpaci-
tor 817a coupled in series with a series F ET group switch 819
and another blocking capacitor 817A

[0105] A single receive bias controller 812 similar to that
depicted in I'IG. 4A along with a secondary invener 811
provide the required on and off state Vgsd signals to the series

FFT gmup switch. A pnmary bias output 813 of the receive
bias controller 812 is coupled Io a yitc o I'the series FFIT group
switch 819 A secondary bias output 814 of the off-state Vgsd
controller 812 is coupled to nn input ol'tlm shccondary inverter
811 whose output is coupled io thc source/drains of the series
FET gmup switcli 819.

[0106] As with the embodiment depicted in FIG. SA. the
secondary inverter 811 is a scaled voltage inverter, providing
an output of OV when input with 1.584V and providing mi

output of I 5S4V when input u ith OV.

[0107] The decoupled sensa aud shunt path cirmiii 800b
will nou be discussed in terms of function.

[0108J When the series only path circuit SUUb is used for
reception. the suigle receive bias controller 812 is input with
a Vrir styial of 3 3V at its I II/LO input ternunal. This causes
2.3 I V to be output fnmi its primary output 813 and applied to
the gate ol the sensa FIIT group switch 819. and also causes
1.584V to be output from its secondary output 814 and
applihcd to the input of dw. secondary invetser Sf 1. The sec-
ondary mverter 811 therefore outputs a lois signal of OV, and
as a result, the series Fl'IT group svvitch 819 is provided mi

on-stateVgsd level of'2 31 V. This is u ithin thc chosvn range
in order to reduce spunous harnuinic emissions md tti

improve linearity as described above for on-state L gsd levels
to allow rehvpumi

[0109] When the series only path circuit 800b is not used
for reception. the single receive bias controller 812 is input
with a Vro signal at its Hl/I 0 input terminal. This causes
0.105V to be outpnt from its pnmary output 813 and applied
to the gate ofthe series FFT youp svv itch 819, and also cmt sea

0.072V to be output frmn its secondary output 814 and
applied to the input of the secondary inverter 811. flic sec-
ondary invertcr 811 tbercfiire outpuLs a signal ol'.584V and
applies it to the source!drains of the senes FET gmup sivitch
819. As a result. the senes FET youp switch 819 is provided
with an off'-state Vgsd level of'1.479V This is within thc
chosen range ui order to reduce spunous harmonic enussions
and to improve linearity as described a ho tv for off stnte Vgsd
levek~ to block reception.

[0110] Tbc sencs mul shunt path circuits 800a altd/oi tile.

series only path circuits 8UUb of FIGS. SA and 8B may be
used in various sivitch implmimntations and hnve tlm advan-
tage ofcreating decoupled switch patlm ays and not requinn
the routing of bias controller outputs to nonlocal circuit or
shuntpaths Oncdraubackol'utilixingthecircuitsdcpictodin
FIGS. SA and SB is the reqmrement for an external voltage
supply for the voltage scaled inverters.

[Sill] Referring now to FIG. 9. a sin le piste N Ihrow

[SPNT] senes and shunt switch 900 in accordance with
another embodiment of the invention will nov; be discussed.
This SPNT sivitch 900 utilwes a number of decoupled series
and shunt path circuits similar to that depicted in FIG. 8A.

[0112J The SPNT su:itch 9UU comprises N receive or trmis-
nut svries and shunt path circuits. of u hick three mc slmu n, a
first receive senes and shunt petit circuit 910, a first transmit
series and sfnuit path circuit and an Nth scrics and shunt path
circuit 930 which luippcns to be a recmvc series and shum
path circuit. All of the senes and shunt path circuits 910, 920,
930 of tlm SPN'I su itch 900 are coupled to a single mitenna
901. L'ach senes and slnuit path circuit 910. 920, 930 is
stnicnired mid fiuictions like the series and slnint path circuit
dcpictcd in Fki SA I'ach spanning a signalpath bctwhvn the
antenna 901 and the respective receive or tmsnsmit ternunal
[sucli as a first revolve terminal 9U2. first transmit temiinal
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904. and so on). L'ach senes und slnuit path circuit comprises
iu( ov n slumt path to grouml and(he associated bias controller
and tnvetters as depicted in I'ICI. SA.

[0113] ill connect any series mid slumt path terminal 902.
904. 906 to the antenna 901, the bias controller 912, 922, 932
ofthat senes and slmnt path circuit 910. 920. 930 is input at its
Fil/I,O inPut terminal v'ith V»r w flite ihc bias con(rottenol'he

remaining series and slnult path mrcuits [those wluch are
not to be coupled to the antenna but instead are stulntcd to
ground) arc input at tlmir 111/I,O input temlinals (lith V„,
This pmvides the proper switching in the SPNT switch wlule
maintaining thc chosvn on-state Vgsd level of 2 31V along
with the chosen olT-state Vgsd level of I 479V ui order ul
reduce spurious harmonic emissions and to improve linearity.

[0114] Ref rring to FICI. 10. B dual polcdual tin(w [DPDT)
transmit-receive slvitch 1000 ln accordance v, ith an embodi-
ment of the in(mntion will no(v be discussed in terms of its

structure. The DPDT 1000 ol'FICi. 10 ut(fires lour detmlupled
series only patli circuits IUIU. IU20, 103U, IU4U similar to
that depicted m FICi SA

(0115] The DPDT su'itch 1000 composes a tirst antenna
1001. a sec(md antenna 1002. a tmnsmit terminal 1003, and a

receive temiinal 1004.

[0116] The first anteium IUUI, is coupled to the transmit
ternunal 1003, thou+ B tirst senes only path cirmut 1010. and
the second antenna 1002 is coupled to the trmisnut tennuml
1003 thmugh a s(mond series only path circuit 1020 Thc tirst
antenna 1001 is coupled to the receive terminal 1004 throu h
a third senes only path circuit 1030 und the second antenna
1002 is coupled to the rcceivc terminal 1004 through a I'ourih

senes only path circuit 1040

[0117] Thc first„second, third, and fourth series only path
circuits 1010, 1020. IU3U. 1040 are each stnlctured the same
mid hulctions thc smne as thc series only path circuit 800/I
depicted in FICI. 8B.

[0118] The a signal path is used between an antenna 1001,
1002 und a ternunal 1003, 1004, the bias controller of the
surixws only path circuit spanning the two is input at its FIUI,O

ulput termuial with a Vi» signal, wlule fiie huis controllers of
the series only path circuits spanning the rest of the DPDI'witch

1000 are input ai their III/I,O input terminals with a

VI » signal. This causes ui on-state Vgsd at a level of 2.31V
mid oftlstatc Vgsd of I 479V which are within the range
choslll In oldel'o I'( duce sp allo us 8 lrulotllc ctul sslolls atld to
improve linwsrity as described above.

[0119] It should be noted that the DPDT switch depicted in
FICI. IU may be uscxt for a single signai pathway benveen an
antenna and one of the receive mid transmit terminals. Ii may
also be used for transnussion over one mitennu while at the
saluc tlute rcccpiloll over another autcnlla, lf such was
required.

[0120] Altliough each embodiment has bceen descnbed as
uttlizin I'L'T roup switches composing uvo MUGT'LITS, it

slxluld be understood that other implmncntations may utilixe
any suitable number and combuiation of MOSI'FITs, MUCI-
Fl'll s. Bnd'or any other suitable type(s) of tmnsistor switches.

[U121] Although the embodunents depicted in FIG. 2, 11(i.
5A, F 1(i. 5 B, I'l(i. 7A. F Ki. 7B, Fl(i. SA, I'l(i. 8 B, I'l(i. 9, and

FIG. 10. Identify the input and output termuials as being a

specific one of a receive or a trmisnut terminal, alternative
cnlbodimcnts possess u similar architecture to those depicted
but with one or more receive or transmit ternunals substituted
with one or more trmismit or receive terminal's respectively.

[0122] Although specific implementations of receive-
transmit switches have been illustrated hereinabove, it is to be
understood tlmt dissimilar on and olT-state Vgsd levels of the
semiconductor transistor based switclms in a high power
recei(m frmismit switch may be utilixed in a great numberot'ariousswitching architecmres.
[0123] Although the bias controllers depicted hcreinabovc
arc implemented in a specilic manner in accorcance with a
voltage divider, other architecmres for producing a primary
and a secondary biasing voltage which is in accordance (v ith
the identification of the chosen voltages of 2.0 V to 2.5 V in
respect of on-state Vgsd and 1.1 V to 1.5 V in respect of
otf-state Vgsd nuly be implemented
[0124] lite embodiments presented are exemplary only and
persons skillot in the art would appreciate that variations to
the embodunents descnbed above may be made without
departing from the spirit of the invention. The scope of the
invention is solely defined by the appended claims

What is claimed is:

I A method ofbiewsing transistor sv itches in a high p(1 war
switch, the method comprising

providing on-state Vgsd [gate to source/drain bias voltage)
at anon-su(fcVgsdlecvclloalirsi Irmisistorswitchol said
transistor switches for biasing the first transistor switch
in an on state; and

provldin off-state V sd at an off-state Vgsd level to a

second transistor slvitch of said transistor switches for
biasing tlm second tnlnsistor switch in an off state,
wherein a mayutude of the off-state Vgsd level is less
tlmn a magnimde of the on-state Vgsd level by only mi

unount sutiiciem for at leasi one of.
bringuig spunous harmonic emissions of said second

transistor switch when biased Io Ihe otT state below a

pre-identfiied upper linut of acceptable spunous lulr-

monic emissions from the second transistor switch in
thc olT state, and

bringuig a lineanty of the lug po~er a~itch above a
prc-idmltitied lower linlit of acceptable linearity fbr
thc lugh power s(vitch

2 A method according to claim I fiuther comprising:
identifying at least one of the upper limit of acceptable

spurious harmonic cmissions from the second transistor
switch in the otT state. Bnd the Io(ver lunit of acceptable
linearity for the high power sw itch.

3. A method accordulg to claim I v,herein the on-state
Vgsd le(ml is a nmximum potential diff(.rance bct(veen gate
and one of the source or draui within rehability and operating
constraints of the transistor switches

4. A method accorduig to cl um I whereui said off-slate
Vgsd level is a tixed fraction of said on-state Vgsd level.

5. A method according to claim I vvherein said transistor
switches are silicon-on-insulator ITT switches, mid wherein
smd on-state V sd level is between 2.0 V and 2.5 V. and
wherein the otT-state Vgsd level is benveen 1.1 V and 1.5 V.

6 A method according to claim 4 whereui promdulg the
on-state

V gad comprises biasing at a gate ofthe first trmis is tor
switch with an on-staie gate voltage m a fixed pmnary biasmg
fraction of a lu~gt system control voltage and biasing at a

source-drain of the first trmlsistor switch v,ith a on-state
source-drain voltage at a fixed secondary biasing fraction of a

lolv system control voltage, and whereui pmviding off-state
Vgsd comprises biasing at a oats of the second trmisistor
switch with u ofgstate gate ~olta e ut the fixed primary bias-
ing fmction of the low system control voltage and biasing ut
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a source-drain of the second transistor svv itch with u off-state
source-drain voltage at the fixed secondary biasing fraction of
thc high system control ioltagc

7. A method according to cl um 6, wherein the tixed pn-
mnry biasing fi action and tlm tixed secondary biasing fraction
of the hivh and low system control voltages are generated by
voltage dividing the high and lovi system control voltages
respectively.

g. A method according to claim 1 wherein the high povi er
sv,itch comprises an antenna. a first uiput/output terminal,
and a second input/output temiinal. wherein tlm tirst transis-
tor switch is located along a first signal path from the antenna
to the first uiput/output termiiml, and tire second transistor
switch is loca!est along a second signal path I rom the anIenira
to the second input/output terminal, and whcreui thc step ol'rovidingthe on-state Vgsd to the first transistor switch is

performed to provide u conununicat ion pathway be«veen the
antenna and the first input,'output terminal, uid the step of
providin tlm ol'I'-~tate Vgsd to the sccm«l trnnsistor su itch is

performed to isolate the antenna and the tirst input/output
terminal fmm the second input/output temunal.

9. A method according to claim 8 further comprising:

providing on-slate Vgsd at tlm on-state Vgsd level Io thc
second transistor svv itch for biasing the second transistor
switch in an ou state: and

providinvg offistate Vgsd at the ofiustate Vgsd level to the
first tmnsistor switch for biasing the first tmnsistor
switcli iii Bitt!If state,

whereui the step of providing the on-state Vgsd to the
second trmisistor switch ts perl'ormed to prov ide a com-
municatiim patluvay bet« cmi the antenna nnd tlm sec-

ond inputAiutput ternunal, und the step ofproviduig the
otf-state Vgsd to the first transistor switch is performed
to isolate the antenna and the second input/output termi-
nal from thc first inpufioutput terminal.

10 A method accorduig to elm m I wherein tlm lugh power
sv,itch comprises an antenna a first uiput/output terminal,
and a first round connection. wherein the first transistor
siiitcfi is located along a signal pnth Irom the Iirst input/
output ternunal to the antenna, and the second tnansistor
su itch is located along a shunt path from thc tirat input/output
Ienuinal to the first ground connection, Bi«i v harem I he step
ofproviding on-state Vg ad is performed to provide a conunu-
nication pathway between tlm first input/output tcmiinal and
the antenna. and the step of providing off-state Vgsd is per-
formed to isolate the antenna and the first input/output termi-
nal from tlm tirst ground conncctimi.

11. A nwthod according to claim 10 wherein tlm lfigh
power switch comprises a second input/output terminal. and
a third transistor switch of the transistor switches, wherem the
Iliird transistor switch is hmated along a signal putts from the
antenna to the second uiput/output termuial. wherein the step
ofproviding the ofi'-state Vgad to the second transistor siv itch
is performed ui association with a step of.

providing oIT-stateVgsd ut Ihc ofi'mtatc Vgsd lccvcl to Ihc
Ihird tninsistor switch liir ha!sing the tlurd transistor
sw:itch in the off state,

and vvherein the step of providing off-state Vgsd to the third
transistor switch is perfonncd to isolate thc antenna and tbe
tii'st trip!it/oiitpiIt tcrii1!iiBl fioiii tlic sccoiict IiipiIt/outpi!1 tci'-

minal.

12. A method according to clmm 11 hirther comprising:
providing on-state Vvsd at the on-state Vgsd level to the

second Iran sis«ir sw itch liir bhtsin the second trmisistor
sivitch in an on state; and

providing OIT-state Vgsd at the otT-state Vgsd level to the
tirst trmisistor switch fiir biasing the first irnnsistor
switch in an ofi state, und

providuig on-state Vgsd at the on-state Vgsd level to the
third transistor switch for biasing the tliird trmisistor
switch to an on state.

wherein the step of providing on-state Vgsd to the second
transistor switch is performed to provide a slmnt pathway
bet«coen the lir t input/output termiiud and the first round
connection. the step of providin on-state V sd to tbe tlurd
trnnsistor switch is perl'onned to pmvide a comnnmication

pathway bciwemi the second input/output ternunal und the
antenna, and the step of providing off-state Vgsd to tlie first
transistor switch is pertiirnwd to isolate the mitenna and thc
second uiput/outpu1 switch foun the lirst uiput!'imtpu1 termi-
nal and the first groiuid connection.

13. A method according to claim 11 wherein tlm high
po~er switch composes a second around connection and a

fourth transistor switch of the transistor svnt ches, wherein the
fourth trmisistor su itch is locnted along a signal path from tlm
second uiput/output terminal to the second ground connec-
t«in. wherein the step of providing off-state Vgsd to the sec-
ond transistor siv itch is performed in association wuh a step
of:

providing on-state Vgsd at the on-state Vgsd level to the
liiurtb transistor switch Ihr biasing tlm Iiiurth trmisistor
switch in the on state.

wherein the step of pmviduig off-state Vgsd to the third
transistor switch is perfiimwd nlso to isolam tlm antenna and
the first input/output terminal fmm the secoi«l pound cmi-
ncmtion. and wherein the step of providing on-state Vgsd to
tlm tiiuuh transistor switch is perfiirmcd to provide a sluuit
pathway from the second input/output terminal to the second
ground connection.

14 A method uccording to claim 13 I'urther comprising

providing on-state Vgsd at the on-state Vgsd level to the
second transistor siv itch lor biasing the second trnnsistor
switch ui an on state;

providing off-state Vgsd at the otT-state Vgsd level to the
tirs1 transisIor sivitch for biasin the first transistor
switcli iii Bii ofi s taiIc;

piiiviiliiig oi'I sIBIcVgsil Bt Itic oii"sIBIc Vgsd It:vcl to thc
third transistor sv;itch for biasing the third transistor
switch to nn on state; and

providing otl'-state Vgsd at the off-state Vgsd level to the
fourth transistor switch for biasing the fourth trmisistor
switch in an oIT state,

wherein the step ofproviding on-state Vgsd to thc second
transistor switch is pcrliinncd to pros iilc a slnint path-
u ay betiveen Ihe lirst uiput!Outpu1 Ierminal and the lirst
ground conucvtion. wherein the step of providing on-
sIaic Vgsd Io thc third Imnsistor switch is perfomied io
provide a communication patluvay between the second
inpufioutput temiinal and the antenna, wherein tlm step
ofproviding off-state Vgad to the first transistor su itch is
performed to isolate the antenna and the second input/
output terminal from the first input'output mnninal and
the first groiuid connection, und v;herein the step of
providing otT-state Vgad to the fourth transistor switch is
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performed to isolate the antenna and the second ulput/
output switch I'rom tlm second groimd conncmion.

15. A method of biasing transistor switches in a lugh power
switch, the method comprising

biasing at a gate ol'a lin t transistor swltCh of the tlans&atOr

switches with a first biasing controller at a fixed primary
biasing fraction ofa first control voltage input to thc tirst
biasnl controller,

biasing at a source-drain of the first transistor switch with
a second biasing contmfler at a fixed svcondary biasing
fraction of a second control voltage input to the second
biasing controller;

bmsing at a gate ol a second transistor switch of the tmn-
sistor switches with the second biasing controller at the
fixed pfllnary biasing fraction of the second co ntm1 vo It-

age input; and
biasing at a source-drain of the second transistor switch

with Ihe first biasing controller at the lixed secondary
biasing fraction of the first control voltage:

wh&'I'c ill whcll tile hlgl'I powct'wiicl'I ls ill a fits I switch stoic
ul is inch the Iirst transistor slvitch Is ml and the svcond tran-
sistor switch is off:

providing a high ay~tern control voltage as the first control
voltage to the lirst basulg controller: and

providing a low system contml voltage as the second con-
trol voltngc to thc second biasing controflcr.

wherenl when the lugh poller sv itch is ul a second switch
state in which the tirst transistor switch is off and the second
Iransistor switch is on

providing a low system control voltage as the first control
voltage to the first basing controflcr: and

providulg a h&JI system control voltage as the second
control voltage to the second biasing contmfler.

wherein:
a magiutude of the diITerence between the product of the

primary biasing fraction and the low system control
voltage and the product of the secondary biasulg Irac-
tion and the hi h system contml voltage

is less than
a magmiude of i he diflerence between Ihc product of the

pruuary biasing fraction and the lugh system coiuml
voltage and tlm product of the secmldary biasing frac-
tion aud tlm low system contml volt i c

by only an mnount suflicient for at least one of:

bringing spurious harmonic mnissions of said second
transistor sw itch when biasvd to tlm CIT state below a

pre-Identified upper limit of acceptable spurious har-
monic mnissions from the second transistor switch in
the off state: and

bringing a linearity of the lfigh power switch above a

pre-Identifiext loller linut ol'cceptable linearity for
the high power switch

16. A high power sv itch compnsin:
a plurality of transistor switches comprising.

a first transistor switch: and
a second tmnsistor switch,

buising cimuitry for providing, when the high power
switch is in a tirst hivh power switch state:
on-state V sd at a on-state Vgsd level to the first transis-

tor switch for biasing thc lirst transistor switch in an
on state: and

otT-state Vgsd at a off-state Vgsd level to thc second
transistor switch for biasing the second transistor
switch in an off state,

wherein a magnitude of the off-state Vvgsd level is less than a

magmtude of the on-state Vgsd level by only im amount
sullicient for at least one of:

bringing spurious hanmlnic cmissions ol'aid second
transisulr sw &tch when biased to the o I'f slate belols a
pre-Identified upper limit of acceptable spurious lmr-

monic cmissions from the second trmlsistor switch in

the off state, uld
bringing a linearity of the lfigh power switch above a

pre-identified lower linlit of acceptable linearity lilr
the hi h power sv, itch.

17. A switch according to claim 16 wherein the on-state
Vgsd level Is a liill-on on-state Vgsd level within reliability
and opemting constraints of each transistor switch of the
plurality of tmmsistor switches.

1U A a~itch accordin to claun 16 ~herein said off state
Vgsd level Is a fixed fraction of said on-state Vgsd level.

19. A switch according to claim 16 wherein each transistor
slvitch of said plurality of switches is a silicon on insulator
FFT switch, mid wherein said on state Vgsd level is bctw con
2.0 V and 2.5 V. and whereul the off-state Vgsd level is
between I I V and I 5 V

2U A switch according to claim 18 wherein when the higv

polvcr switch is in thc first high power switch stmc. tbc bias-
lllg cllcultlv plovldcs oil-state Vgsd to thc first tlallslstor
slvitch by biasing at a gate of the first tmnsistor sv, itch with a

on-state gate voltage at a lixed pruuals biasing Iraction of a
high system control voltage and biasincv at a source-dmin of
the first transistor switch with a on-state source drain voltage
at a lixed secondary biasing fraction of a low system control
voltage, and the biasing circmtry provides off-state Vgsd to
tlm second transistor switch by biasing at a gate of the second
transistor switch lvith a off-state gate voltage at the hxed
primary biasing fmction of the low system control voltage
and biasulg at a soun:e-drain of the second tmusistor switch
with a off-state source-dmin voltage at the fixed secondary
biasing fraction of the high systmn control voltage

21. A switch according to claim 2U, wlierein the biasing
circuitry comprises at least onc voltage divider circuit lilr
providin the fixed prunary biasulev fraction and the fixed
secondary biasing fraction of the high and low system control
voltages.

22 A switch according to claim 16 further comprising:
an illltCIllul,

a first input,'output terminal; and

a second input/output terminal,
wherein the first trml sister switch is located along a first signal
path from the antenna to the Iirst input/output ternunal, and
the second transistor switch is located along a second siytal
path fronl the autetltla tn tbe second input/output termitlal,
wherein when the high power switch is ul the lirst high polver
switch state the biasing circuitry:

provides on-state Vgsd to the first transistor switch to pro-
vide a conumuli cat i on pathway bctw ecn tlm antenna and
the first input/output ternunah and

pr&widcs olT-state Vgsd io the second transistor switch ul

isolate the antenna and the first ulput/output temluuil
from tlm second inpufloutput terminal

23. A switch according to claim 22 wherein the biasin
circuitry is further lilr providing, &vhen the high power sin itch
is In a second lugh power switch state:

on-smte Vgsd at thc on-state Vgsd level to the second
tmnsistor switch for biasing the second transistor slv itch

In an on state: and
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off-state Vgsd Bt the off-state Vgsd level to the first tran-
sistor switch I'or biasing tbc Iirsi trmisistor switch in Bn

off state,

wherein when the lfigh power su itch is in the second lfigh
poiver switch state, the biasing circuilry:

provides on-state Vgsd to the second trmisistor switch to
provide a communication pnthu ay between tlm antenna
and the second input/output termuml; and

provides off-state Vgsd to the Iirst transistor switch to
isolate the antenna and the second &nput,'output tennuml
from the first input/output terminal.

24 A swnch accorduig io claim 16 further comprising,

an antenna:

a first input/output tennuiah uid

a first grolu&d connection,

uhcreui the first tr mais&or switch is located along n signal
path fnmi tbe first input/output ternunal to the antenna. and
thc second transistor switch is located along n shunt path from
the lirsi input/output temunal to the first ground connection.
and wherein when the high power switch is in the fimt lfigh
power sv'itch state, tlm biasing circuitry.

provides on-state Vgsd to the first transistor switch to pro-
vide a communication pathway bctwccn the Iirsi input/
output temiuial and the antenna, mu!

provides ofixstate Vgsd to the second transistor switch to
isolate thc Bateau&& aud tbe first input,'output tenuinal
from the first yound connection.

25. A su:itch according to claim 24 liutlmr comprising:

a second input/output tennuial, and

a third transistor switch of the plurahty of transistor
sul tchcs,

whereui tbe tlurd transistor switch is located along a sigiml
path Imm the anlcnira Io the second input/&mtpui Icrmiiml,
whereui the buising circuitry is further for providuig. &vien

the high poiver switch is in the first luJ«power switch state,
ol'f-state Vgsd Bi thc o fi'w tate Vgad Icvcl in the third i raus is&or

sv itch for biasing the tlurd transistor switch &n the off state,
mid wherein when the high power switch is in the first high
poller switch state. the biasuig circuit provides OIT state Vgsd
to the third transistor switch to isolate the antenna and the first
input/output temli&ml from thc second input/output terminal

26. A switch according to claim 25 wherein the biasing
circuitry is Iurthcr Ilor providing. when Ihc high p(mcr switch
is in a second high power switch state:

on-state V sd at the on-state Vgsd level to the second
transistor switch for biasing the second tmnsi stor switch
ul Bil on stilie, aud

off-state Vgsd at the off-state Vgsd lciml to the first tran-
sistor switch for biasing tbe first trmisistor switch iu an
oIT state, and

on-state Vgsd at the on-state Vgsd level to the third tran-
sistor switch for biasing tlm third transistor switch to an
on stilie,

whereui when the high pmver swnch &s ui the second high
poiver switch state. the biasing circuitry:

promdes on-state Vgsd to the second transistor sw itch to
provide a shunt pathv,ay between the first input/output
terminal and the Iirst gmund cotmcction,

provides on-seato Vgsd to the third tmnsistor switch to
provide a comnuuucation pathway betu een the second
input/output terminal and the antenna: and

provides off-state Vgsd to the first transistor switch to
isolate the antenna aud the second input/output switch
from the first uiput/output lerminal and lhe Iirst pound
connection.

27. A switch accordin to claim 25 funher comprising:
a sceeond ground conn(miion. Bnd

a Iourih trmisistor switch ol'he plurality ol'ransistor
switches.

wherein the tiiurth transistor mitch is located along a signnl
path from the second input/output terminal to tbe second
ground connection. wherein the biasing circuit is further for
pmvid&ng. v,bet& the lugh poiver switch is ui tbe Iirst l»gh

power sv;itch state. on-state Vgad at the on-state Vgad level to
the Iourth trmisistor siviich for buising ibe liiurth trmisistor
switch ui the on state, wherein when the Ingh pou er switch is
in the first lugh power mvitcb state. the biasing circuitry
pmvides oil-state Vgsd to the third uans&sior su itch nlso to
isolate the antenna and the first input/output ternunal from the
sccolul ground coun('.ctlo&l, and the biasing circuitry provides
an on-slate Vgsd to the fourth tr ulsistor su itch to provide a
shunt patlnvay from the second input/output terminal to the
second ground connection

Zg. A sv. itch according to claim Z7 the biasing circuitry is
further for providing, uhco. the lugh pouvr swnch &s in a

second lugh power sivitch state;
on-state V sd at tbe on-state V sd level to the second

tmnsistor switch for biasing the second tmnsistor switch
ln afl Ofl 11B&cx

off-statcVgsd at the off-state Vgsd level to the first tran-
sistor switch Ilor biasing the first tmnsisu&r su&&eh in an
off state,

on-state Vgsd at the mi-state Vgsd level to tbe third tran-
sistor sivitch for biasing the third transistor switch to an
ou state. &Bld

olf-state Vgsd at ilm olf-state Wgsd level io thc hmnh
transistor switch for biasing the fourth transistor switch
ln tul ofi stat(x

wherein ulmn the high power sv itch is in a second high
pov,er switch state the b&asin circuitry:

provides on-state Vgsd to the second transistor switch to
provide a shunt pathway between the first input/output
terminal and the first ground coruiection,

provides on-state Vgsd to fiie tlurd transistor suitch to
provide a conunun&cat&on patlnvay between the second
input!output terminal and the anieiuia,

provides off-stale Vgsd to the lira& transistor switch to
isolate the antenna and the second input/output terminal
from tlm Iirst input/output terminal nnd tlm first ground
connection. and

provides off-state Vgsd to the fourth transistor switch to
isolate the antenna mid the second input/output switch
from the second ground connection.

29. A lugh power switch compnsing:
a first transistor siv&tch;

a second transistor switch;
a first biasing controller for receiving a first control voltage

and for.

biasing ai a gate of the first transistor switch at a fixed
primary biasing fraction of the first control voltage;
illld

binsing at a source-drain of the second transistor switch
at a bxed secondary biasing fnict ion ofthe first contm1
voltage,
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a second biasing controller for receiving a second control
voltage mid lor

bmsing at a source-drain of the first transistor switch at
the fixed seconcLoty biasing fraction of the second
control voltage: and

biasing at a gate of the scccond transistor switch at the
fixed primary biasina fraction of the second cimtrol
voltage input.

wherein tlm first cmitrol voltage and tlm second mmtrol volt-

age are each a different one of a high system contml voltage
and a loiv system control voltage, and wherein:

a magnitude of the difference between the product of the
primnry biasing fmction and the low system control
volta e and the product of the secondary biasin frac-
tlotl olid the high system control voltage

is less than
a ma vmiinide of the difference benveen the product of the

pnnmry biasing fraction and the high system control
voltage and the product of the secondary biasing fmc-
tion and the low system control voltage

by only an mnount sufficient for at least one of:
bringing spurious harmonic emissions ol'aid second

transistor switch when biased to the off state belov, a

pre-identified upper limit of acceptable spurious har-
monic emissions from the second trmisistor switch ui

the off state; and
bringing a linearity of the high power switch above a pre-

identitiedloiverlimit ol acceptablelinearityforthelugh
power switch.
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