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A method fnr c&introlling a switch based nn transistors is
disclosed.A sivitchutg circuit for switclung a si nal from on
input pnrt to an output port thereof is provided A shunting
circuit fiir switchably shunting the signal from the input port
to ground is also provided. A control signal is genemted fnr
biasing a control port of the slninting circuit and an approxi-
mately complimentary contmf signal is generated )or biasing
of the switching circuit to either shunt a sifgial received at the
input port or io swiich thc signal to tlhc output port A I'unhcr
bias signal for biasing a port witlun the switchutg circuit
along the signal path between the input port and the output
port is also provided.
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SWITCIHNG CIRCUIT

FIELD OF TI IE INVENTION

[0001] The uivention relates to microwave inteyated cir-
cuits, and more particularly to an enhancement ofnncrowave
sivitch circuits

BACKGROUND OF THE INVL&NTION

[UU02] In recent years. the use ofivireless and RF technol-

ogy has increased dramatically. The nmnber of cellular tele-
phone subscribers alone worldwide is expected to reach 3

billion by the end of 2008 according to the Inteniational
Teleconununimuion (Jnimi (ITIJ) Similarly the devices
uicorporatuig w&reless technolo y have expanded, and con-
tinue to so. It is anticipated that the overall market for other
uireleas devices &vill exceed cellular telceplx&ue umts as con-
siuners procure multiple devices per lxcosehold.

[0003] Wireless devices interface to wireless infrastruc-
tures that support data. voice and other services via one or
more srandards. Some cxmnples of'is ireless standurds ut sig-
nificant deployment today uiclude;

[0004] WiFi [ANSI/IFFF, Standard 802 11],
[0005] WiMAX [IFFF, Standard 802.16].
10006] Bluetooth [II.L'E Standard 802.15.1J:

[0007] Industnal. Scientific and Medical (ISM) [Interna-
tional Telecommunications Ilnion Reconunendations
5 13&R 5 150. and 5 280[, aiul

[0008] CiSM 850/900/1800/1&)00 [Furopcmi Telivom-
mumcations Standards Institute (IITSI)] arid its exten-
sions Creneral Packet Radio Service (CIPRS) and
Fnhanccd Dakota&ca for CiSM Fvolution (I',DCil'.)

[U009] Pricingoffinishedproductsisofienamajorfactorin
the conunercial success ofproducts. Accorduigly, monohtluc
uiteyation of the electronics to result in devices ivith loiv

parts count a small number of integrated circuits (I('s) is
common practice. In fact. a typical RF system will comprise
a baseband controller IC. a radio receiver and transmitter, and
a&1 RF signal front-cnd tluit may iimlude power amplifiers.
low-noise amplifiers, switches. and filters amongst other pos-
sible signal conditioning blocks These integrated circuits are
inanufacturcd using a silicon-bascsf technofog) plati'oun f'or
baseband elements ol the mrcuit that are 'logic'ntensive and.
typically from silicon germaniuni, gallium arsenidk, and
indium phosphide for many RF mrcuit elemems that condi-
tion the incoming or outgoing radio signal primarily in the
analog or RF domain Thc RF circuit elcmcnts form a micro-
wave circuit path fmm the RF siyial mixers that are upcon-
verting or downconverting the RF siyials via amplifiers,
microwave filtcm, circulators, i tc ThcRF signal is, of'course,
received from or transmitted to an Rli antenna or other load
such as a co-axial cable An RF antenna or cable is an RF load
for the tmsnsmittin circuit or RI'ty&el front-end. Moreover,
a collection of RF circuit elements might be mam fested in the
I'orm of a mrna&lithic nncrouavc into rated circuit (MMIC')
and may be piut of the RI& front-end in the form of a module.
[0010] Within many uircli:ss consimicr electronics prod-
ucts tlmt are uitended to receive or tmnsmit information is a

transmit/receive switch circuit tlmt selectively connects a
micro~ave transmission circuit to the RF load of the con-
sumer electmnics product and a microwave receiver circuit to
the antenna or cable, such a switch circuit being a Single Pole
Double llu'ow (SPOT) switch. '11&e tnicrowave transmission
circuit and microwave receiver circuit are often a single bidi-

rectional transmit/receive circuit. In other instances where the
v, irelcss consiuncr electronic proihict opcratcs with muluple
u ireless standards there may be a separate micmiv ave tr uis-
mission circuit and microwave receiver circuit for each of'the
ivireless stmidards supported. For example a wireless dev&ce

supporting tv,o wireless standards requiring different MMIC
technologies for cack, such as IL'IJEJ 802 I la at 5 CiHr and
IFFF 802 16 at 2 4 (iliz. u(iuld hai e a Single Pole Quadruple
ff&iow (SPQI) wherein a single common antenna or cable
port is selectively coupled to one of two possible transmitter
connections and a corresponding one of two receiver connec-
tions.
[0011] Conventionally, high-performance RI'/microu.sve
switches are implemented with depletion-mode GaAs MES-
FkTs or I'HkMTs. These devices are chosen becmise they
offer very lou. R„, uid C,r per unit gate width: these param-
eters determine svvitch insertion loss and isolation. '11&e tran-
sistor is tumed on by biasui. Vgs&Vp. where Vp is the pin-
choff voltage and Vp&0 for a depletion-mode device. The
trmisistor is tumed off by biasing Vgs&Vp. v,here a typical
value ofVp mi ht be -1.0V So Vgs„, miglu be OV andVga'ught

be -2 V. This is accomplished. for example. by b&as&ng~

thc source and drain at 2 V and switching tlm atc to 0 V (off)
or 2 V (on).
[0012] They-mode CiaAsFL'I'orPHL'MTlms0&ice major
disadvanuiges Iior usv. as a higfi-pcrfoniuince switch First is
ihe tendency of gate current to fiow when Vgs&0, the gite
forms a Schottky diode to the chamml which mon tun& on for
large signal lciwls or uiappropriate bias Ciate current fiow

leads to sharply increased loss and distortion in the switch. A
second disadvantage is the absence of a complenmntmy
device type (p-clmnnel I'L&T); u.ithout a PFL'T. logic fiuictions
consume more power and die area. In some circuits it is
ditficult to control tlm switch using standard low-voltage
CMOS levels. A tlurd disadvantage is resultin higher die
cost per unit area, whi el& is i&gy ave ted by the relatively primi-
uve and area-intensive ESD protection stmcn &res avmlable ui
most CraAs FET processes.
[0013] Silicon-basvd RFfinicrouaie switchas tluu usc the
CMOS device as the core switch element are attractive
becmise of the integration potential of combining both logic
mdRF iunctionahty lnaddiiion,therclativelylowcostuhcn

compared to GaAs-based devices makes such Silicon-based
RF/microwave su:itches attractive for the consurncr electron-
ics market The conventmnal biasuig arrangement md topol-

ogy ofan RF/microwave switch is. hou:ever, similar when the
switch is manufactured using a Silicon-based CMOS tcvh-

nology or GaAs.
[f)f)14] It is therefore a goal of the invention to overcome at
least some of tlm limitations ol'the prior art

8 IIMMARY 01'HI. INVENTION

[0015J In accordance tvith the invention there is provided a

circuit cmnprising a first RF switch operable in a lirst mode
and in a second other mode, the RI'&&itch comprising: ui

input po&t for receiving an RF signa I, an output port for in the
first mode providing thc RF signal and in thc second other
nxide other than providing the Rli signal, a slumt switch for in
the second otlmr mode shunting the Rl'ignal to ground and
ui the first mode for other than shuntuig the RI'ignal to
ground, and a switch for in the first mode conducting the RF
sivnal betwcxn the input port and the output port and in the
second other mode other than conducting the Rl signal
between the input port and the output port; and a controller
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comprisuig a sw&tclung circuit for providing simultaneously a

plurality ol'control aim&a]s comprising a lira& sigiral for bias-
uig the s&vitch between the first mode and the second other
i&lode: alt approximately c on&pl imentary signal fitr biasing the
shunt switch bcuvecn thc si:cond other mode and the lira&

mode: and a biasing siy&al for biasing one of a source and a

drain of the switch approximately in accordance ivith tlic

approximately complunentae signal

[UU16] In accordance with another embodunent of the
invention there is provided a method comprising: providing a

sv itclnng circuit lbr switching a signal from an input port to
an output port thereof. providing a shunting circuit for swit-

chably shunting the signal fmm the input port to ground;
providing a control signal for b&asuig a control port of tbe
shunting circuit and mt appmximately complimentary control
signal for biasuig ol'a control port ol'tbe cuitclung mrcu&t hi
either shunt a signal received at the &cput port or to switch the
signal to the output port: and. providing a bias signal for
biasing a port within tlm sv &telling cucilit skiing the signal
path between the input port and the output port.

BRIEI DESCRIPTION OI'IIF. DRAWINGS

[0017] Exemplary embodiments of the mvention will nov,

be described in conjunction with the follov, ing drawings, in
wlllcll

[0018] Fl(i IA illustrates a simple prior mt microwave
sv. itch circuit according to Be&gener et al.

[UU19] FIG. 1B illustrates a typical prior art microwave
s&v itch circuit according to Bcrgener m al.

[0020] I'ICi. 2 dlustrates a pnor art micro&save a~itch
according to Burghartx
[0021] FIG. 3A illustrates an exemplary embodiment of the
uivcntion liir applying full ON/OFF drive ui the RF FFTs
[0022] FICi 3B illustrates a typical perliomiancc oi'hc
design of 11C&. 3A.

[0023] FIG. 4 illustrates an exemplary embodiment of the
invention applying drain-source resistors to the series FFTs
of i&I(i. 3A.

[0024] FIG. 5 illustrates an exemplary embodiment of the
invention wherein the series Fl'.1s of the microwave sivitch
are modified to include inter-gate electrodes

DF1AILFD IFBSC'RIPTION OF EMBODIMENTS
OI& 1 HE INxyL'N 11ON

[0025] Referruig to FIG 1A there is sho&vn a simple prtor
art microwave switch circuit 100 according to Bergener et al

01 S. Pat No 6,804„502]. The microwave switch circuit 100
comprises four MOSI'L'T tr:msistors 123, 124, 127 and 128.
Tlm transistors 123 and 124 act as 'pass*'r "switchin "

transistors. and are configured to couple respective RF mput
nodes RF1 Input 121 and RV2 Input 122 to a common RF
node RF C'mnmon 125 For exmnplm wlmn enabled
switched on, the su'itching transistor 123 couples a lirst Rr
signal applied to RF node RFI Input port 121 to the RF
commonnodcRFC'onun&m125 Similarly,whencnablcdthe
sv;itchinvg transistor 124 couples a second Rr signal applied
to second RV node Rl'2 Input port 122, to the Rl'onunon
node RF Common 125. The shunting tmnsistors. 127 and
128, i&ben enabled, act to slnuit the respective RF signals to
ground wlmn their associated RF nodes arc uncoupled from
the Rli conunon node Rl'onunon 125. This uncoupling
occurs when the respccctive switching transistor. switching

transistor 123 or switclung transistor 124. is electrically con-
nected to the mssociatcd noCk RF I Input 121 or RF2 Input 122
is turned "oil;"

[0026] Such a microwave switch circuit 10U when imple-
mented usni bulk silicon CMOS RF sv itches disadvanta-
geously exlubits high uisert&on loss. Iow compression, and
p&mr lincarity perliirtnancm clmractcristics. In contrasu imple-
mentuig micm&v ave sw itch circuit 100 w ith gal 1nun arsem de
((iaAs) semiconductor technology overcomes this as the
semi-&nsulating CiaAs substrate material results in parasitic
substrate resistances being reatly reduced. thereby reduc&n
RF switch insertion loss Similarly, the semi-insulating (iaAs
substrate improves switch isolation. GaAs whilst ofli:nng
improved perfiimiance compared tv ith Si ('MOS di sadvanta-
gcomsly hm higher manufacturing costs. As such it would bc

beneficial to enhancetheperfonuanceof Si CMOS Fmicro-

wave switches. Referring to FICi. IB illustratcxl is a prior art
microwave sv &tch mrcmt 150 accordmg to Bergcner ct al that
attempts to redress the perfonnmice issues of Si CMOS.

[0027] Tlm niicrowme witch circuit 150 cmnpriscs four
clusters or "groupmgs" ofMOSITT trtuxs&stom, &denuficxl ui
rl(i. 1B as transistor groupings 133, 134, 137 and 138. I'wo

trmisisuir groupings comprise "pass'* or 'switchuig.'ransis-
nir groupings 133 and 134, and two transistor groupmgs
comprise shnnting tmnsistor gmupings 137 mid 138 k:ach
transistor poupu&g compnses three MOSI'ET transistors
arranvged in a serial configuration. For example. in the
embodiment slxnvn in Fl(i. 1B. the switching grouping 133

uicludes three switclung tminsistors. M133A. M133B. and
M133(L Similarly, the sw itching b&rouping 134 includes tluee
switching trtuisistors. M134A. M134B. and M134C'. The
shunting grouping 137 uicludes three transistors M137A,
M137B, and M137C'imilarly, the shunting groupin 138
uicludes three transistors. M138A. M138B, and M138C.

[UU28] As shown in rl(i. 1B. microwave siv itch circuit 150
is contml led by tv o control s&girals, SW and its inverse, SW-.
These control signals are coupled to the gates of their respec-
tive transistors thmugh gate resistors. For exmnple, the con-
trol si gnal SW controls the opemt ion of the tl» ee trna as& stors ui
the switclung transistor youp&ug 133. M133A. M133B, and
M133C', through gate resistors, R133A, R133B, and R133C',

respectively. The control s&yu&l SW propagates to the six itch-
ing transistor grouping 133 via input node 133A, and is also
pmvided to input node 138 A to control the shunting transistor
gmuping 138. Similarly, the mverse of SW, SW-, controls the
switching transistor grouping 134 via input node 134 SW- is

also pr&uided to input node 137A to control tbc shunting
uansistor youping 137. SW- is similarly applied to the tran-
sistors M134A, M134B, and M134( of switching trnnsistor
gmuping 134 via three gate resistors. R134A. R134B, and
R134(1 respectively

[0029] The sw&tclung transistor gmupings 133 mid 134 act
as pass or switching transistors. and are configured to alter-
natively couple RF nodes, RF I Input port 131 and RF2 Input
port L32. to a mimmon RF node RI'on&mon 135 For
example. when enabled. the switching transistor peeping
133 c&iup les mi RF signal applied to RF input nodtc RF I lnpui
port 131 to the Rli conunon node Rl Common 135. Similarly,
'ivl'u'.&i i'.Ilabled, the switching tmnsistor grouping 134 couples
a RI'i nal from the RF node RI'2 Input port 132 to theRI'onunonnode Rr Comnon 135. 1he slu&nting transistor
groupings, 137 and 138. when e&mbled, act to shunt sivnals
from the Rl input nodes to grotuid when their associated RF
nodes are uncoupled from the RF common node, i.e., when
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the switching transistor groupuig. 133 or 134, that is electn-
cally corn)ected to thc associated input node is tunmd "olT"

[0030] As tauoPt by Bergener the nucrowave sii itch circuit
150 is not manufacnired using a conventional Si ('MOS
manufac tun n * methodology. Rather the MO SF ET transistors
witlun the transistors groupings 133, 134, 137 and 138 are
implcmentcd using n I'ully insulating substrate silicon-on-
nisulator (SOI) tecluiolos 0 More specifically, Bergener
teacfms using "IJltra-Thin-Silicon** EJJ'Si), which is also
known as I Jltrathin Silicon-on-Sapphire due to the use el'thin
film silicon on a sapplure substrate rather than a sdrcon wafer.
Thc fully insulating sapphire substrate eliliilllces tlm perfor-
mance characterisucs ol'the RF sivitcli by reducui the del-
eterious substrate coupling etTects associated it ith non-insu-
lating and partially insulating substrates For example,
improvements in insertion loss are realized by lowering the
transistor "on*'esistances and by rkxiucing pamsitic substrate
rcsistanccs In addition. switch isolation is improved using
the fully insulating substmtes provided by UTSi tecluiology.
Owing to the fully insulating nature of silicon-on-sapphire
tecluiology. tbe parasiuc capacitance betv'een the nodes of
the nucrov,ave switch circuit 150 is greatly reduced as com-
pared v it h bulk CMOS nnd other trad it i mini in tegrn ted circuit
nuinufacturtng technologies.

[0031] However. whilst Bergener teaches a ('MOS circuit.
it is still one manufactured using unconventional manufac-
turing technology difTerent frnm the bulk of low cost Si

( MOS, which eniploys a low resistivity silicon substrate. An
alternative approach is shoiin in respect of FIG. 2. wluch
illustrates a prior art microiiave siiitch 2UU accorduig to
Burpartz. The nncroikave switch 200 as shkvvn is an SPST
switch that includes a port, RI'iput port 221. ivhere an Rli

sigiml is npp lied to the microwave switch 200, an output port,
RF Output port 222. mid a switch control port 223 vluch
receives a bias signal for controlling an ON and Olili status of
the switch Thk RF signal appears at output port 222 with lov
niseruon loss in the ON state, mid ivith high insertion loss ui
the OFF state.

[0032] I'irst I'ET 201 is electrically connected to bodi the
RI'nput port 221 and RF Output port 222 and includes gate
201CJ, soumc 20 IS, drain 20 ID, and back gate coiitact 20 1 B

First FET 201 as v ell us the other l'ETs 202. 203. and 204 ue
silicon MOSI'FTs operating in dclklction mode ()ate 201()of
lirst FFT 201 is electrically cminectcd to switch control port
223. the source 201S to the RI'nput port 221, and the drain
ZUID to the RF output port 222 The back gate contact 201B
is coupled to source 203S and drmn 204D ol'second and third
FkTs 2UZ and ZU3. Drain ZU2D of second Fl'.T 202 is elec-
trica I ly connected to RF Input port 221. whi lc t1m source 2 03S
oftlfird liET is electrically connected to ground potential. Tbe
respective back gate contacts ZU2B and 2038 of the second
mid third FFTs 202 and 203 ark: commonly electrically con-
nected to ground.

[0033] Tfm gate 202CJ ol'second FFT 202 is clcctricnlly
connected to su itch ckmtrol port 223, while gite 203 CJ of third
Fk T 203 is electrically connected to the output port of inverter
218 Thc input signal port of the invcrtkr 218 is electrically
connected to ski itch control port 223. The output port of the
invcrter 218 is electrically connkxted to the gate 2))4(i of the
fourth I'FT 204. the shunt I'ET, which has its source 204 S and
back gate 204B at ground and its drain 2U4D coupled to RF
output 222. In the ON-state of the microwave switch 200, a

bias control signal appbed to switch control port 223 is in a

tirst state, e.g.. VCiSWkz, thereby turning first and second

FFTs 201 and 202 ON. Also. tldrd and fourth FETs 203 and
2 04 are each OFF, snmc invcrtcr 118 provides bias ofopposite
state to the gates 2030 mid 2040 of tlurd and fourth FL'Ts 203
and 204, respectively. With secnnd VET 202 ON, the back
gate 201B and snurce 201S of the lirst FFT 201 mc electri-
cally connected together through the second k'k'T 2(IZ. lliis
electrical connection of source 201S and back gate 201B

regions minunizk s the on-resistankm oHirst FPT 201. Also, in
the ON state. third I I'T 2 U3 is off and thus presents high shunt
impedmicc, which limits additional loss liir thc niicmivavc
switch 200. In the OFF state of the microv;ive switch 200, the
bias control signal applied to sivitch control port ZZ3 is in the
opposite state. and hence lirst and second I'ETs 201 and 202
are OFF wlule third and fourth FETs 203 and 204 are ON. As
a result, back gate contact 201B is conncctixi via tlfird FkT
203 to pound pot eat ad, as source 203 S is at ground potential.
Tlus maximizes the off-resistance of the series iik.'T, first I ET
201 Also Iburth FFT 204 is ON, which incremses the isola-
non. insertion loss. of the overall micnm ave sv itch 200 in the
OFI'tate, since an RF short to ground is provided for cou-

pluig most of the poiker tliat leaks through first FET 201 tki

gniund and not the RI'utput port 222.

[0034] Insertion loss ivithin a nucrovave sv itch such as
prior art switch 200 is least when the Fl'JTs within the switch-

ing group, i.e lirst FFT 201, arc driven to their hardest ON
state. Siniilarly highest isolation occurs when the Fk.'Ts

within the switching group are driven to their hnrdestOVI'tate
and the shunt group, i.e, fourth I'ET 204, are drtven to

their hardest ON state. An exemplary embodiment of the
invention fiir applying ON/OFF drive to the sivitching nnd
shunt I'LTs is shoivn by microivave switch circuit 30U, As
shown an mitemm 355 is intended for connection to one of
three circuits. namely Tx circuit 385, Rx circuit 365, and test
circuit 375. Disposed between each of these three circuits and
thc antenna 355 are switching circmts 310, 360 nnd 370,
respectively.

[0035] Considering tbe lira) su itching circuit 310. wluch is
often typical of all three switching circuits 310, 36U and 37U,

then the switching path between the antenna 355 and Tx
circuit 385 comprises first dhmoupling capacikir 321. lirst
tluough third switching HJTs 331 through 333, and second
dkmoupling capacitor 324 The first through third sivitching
FL'Ts 331. 332. and 333 are cascaded drain to source, and for
k'.scil their gate contact is electrically coupled to a second
output port 350B of a switch contrtiller 350 via resistors 312,
313. and 314, respectively. The drain of the I'FT 331 is also
electrically couplkxi via a resistor 311 to a first output port
350A of the switch contmller 350. The third switclung I'ET
333 has its source capacitively coupled via capacitor 315 to
the dmin contact o I'upper Fl'iT 341 ol'shunt transistor group-
uig compnsin upper FL'T 341. middle FET 342, and loiver
TET 343. As with the sv itching transistor youp ing, the shunt
truns is tor grkiuping of FF Ts 341. 342, and 343 ure eel act n willy

coupled source contact to draui contact, ivlulst the source
contact of lover FFT 343 is capacitively coupled to ground
and rest suvely couplel to port 350B vui resistor 391. The gate
contacts of upper FI.T 341. middle I'El 342. and lower FE1
343 arc all clkmtricnl ly coupled to a third output port 350C: of
the switch controller 350 via resistors 316. 317, and 318„

respectively.

[UU36] The switch controller 35U is controlled from mi

input port Switch Tx (SW I'x) 310A Also electrically coupled
to the switch co ntm lier 35 0 are lower voltage rail Vr ki nt lower
voltage port 31U('nd upper voltage rail Vm at upper voltage
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pon 310B. V,&r is provided from a regulator 380 to winch
upper voltage port 310B &s electrically connected v&a regula-
tor output por& 380B The other regulator output ports380C'id

380D are interconnected to equivalent upper voltage
pons within the switching circuits 36U and 370, respectively.
Switching c&rcuit 360 is uiterfaced to the antenna 355 and Rx
circuit 365 is controlled vin Switch Rx (SWRx) port 360A
Sin&i l arly switching circuit 370 disposed between the antenna
355 and test circuit 375 &s contrn1 led via Sv itch [8 WBT] port
370A. The regulator 380 is prov&ded with a voltage to be
regulated I'roin regulnuir input port 380A. Iiir ex&unple from n

battery of a wireless lmndheld device Va,&,

[0037] SW'Tx 310A is clcctrically coupled to tlm gates of
first and second contru lier transistors 351 and 353 Tlm drain
of first controller transistor 351 is electncally coupled to the

upper voltage &ail V&&r. tile source ol first controller &r uwis &or

351 is electrically c&n&pled ui thc drain oi'econd controller
trans&stor 353. and the drain of second controller trans&stor
353 is electrically coupled to tl&e lower voltage rail Vf o.
Similarly third and fourth controller transistors 352 md 354.
respect&vely, are d&sposed between the upper voltage moil Vrm
m&d lower voltage rail V

& o The gates of the third m&d tiiurth
controller tmns&stets are electncalfy coupled to the mid-pouit
drain-source connection between the first and second control-
ler transistors 351 and 353. respectively First controller out-
put port 350A & ~ also electncally coupled to this nud-po&nt
drain-source connection. as is the tlfird controller output port
350C'lm second contmllcr output port 350B is electrically
coupled to the mid-point drmn-source connection between
the third and fourth controller transistors 352 m&d 354. respec-
uvely.

[0038] Accordingly m operation, &f a SWTx lov s&goal is

app bed to S WI'x pon 310A this results in the sw itching FLTs
331, 332. mid 333 being tumed off with source-drain i oltagc
at Vm, from Ii rat controller output port 350A, and the gates at
I

& o or ground from second controller output port 350B. In
this& state, the shunt FFTs 341. 342, and 343 are tumcdi on w &tb

gate-voltage at V,r, from third controller output port 350C,
m&d the source-drain voltage at Vr o &il gr&lulid fruit& sccolul
controller output port 350B. If SWTx is high, V,ra then the
sv, itching FETs are tumed on ivith the source-drain voltage at

Vro and tlm gates biased at V&r&i tlm slnuit FETs are turncxl off
w&th gates a&Van or ground and the source draui volta eat
Vm.

[0039] As shown in schematic, the drain ofa last shuntFEI'43

is coupled to a sivnal complementary to that provided to
the ate thereof. Ilere. the complementary s&y&al &s a s&goal

prov&ded to the gates of the sw&tching FL'Ts 331, 33Z, and
333. This provides a similar advantage fiir the shunt FFT
sv itcinng as & s prov&ded and exp

la &ned

for the siv &tching FET.

[0040] Adv u&ti&gex&usly, each switching circuit, such as Iirst
switching circuit 31U, provides appmximately maximum
possible "on'nd 'oi'I" drive voltages to thc FFTs in switch-
uig and shunt p uhs Additionally AO coupling of the sw&tch-

ing circuit with respect of the antenna 355 and electrically
coupled circuit, i.c Tx mrcuit 385, is inhcrmitly pr&widcd

Optionally the capac&tora 321 and 324 are chosen to be reso-
nm&t with tlm bond &vires interconnecting the switch cimuit
300, compnsuig sivitclfing c&rcu&t 310, 360 and 370, to tire
antenna 355, 'Ix circuit 385, Rx circuit 365, and test circuit
375. For cxmnplc, for a siv itch circuit designed to opemtc at
2,45 CIHz where a typ&cal bond w&re uiductance is 500 pll
then tliese capacitom would be specified at nominal 8.4 pp.

[0041] As descnbed supra in respect of microwave switch
circuit 300 tlm regulator 380 provides a regulatcxl output
vnltage Vr&i to the regulator output ports 380B, 380C. and
380I ) which arc electrically coupled to the switching circuits
310. 360. u&d 370, respectively Optionally. regulator 380 is
also interfaced to c&rcuitry that determines whether a sit itch-

ing circuit has been c&mbled, i e. has one of SWTx. SWRx,
and SWBT been sct t&& enable a respect&ve sw&&ching circuit.
lf none nf these three control signals i&as been enabled, tlfis
obviates regulation of voltage such that Vcvr generated is
directly supplied without re ulation and the control log&c

opemtes with the circuit ivorking at the same voltnge levels,
namely ground or V& o a&ld V»&, so as to ensure no latch-up
witlfin the c&rcuit and unwanted power d&ss&pafion. Since no
avemge current is drawn from Vavr it merdy serves as a power
supply for stat&c CMOS un erters ivitlun the controller c&r-

cuits such as controller circuit 35U.

[0042] Referring to FICi 3B illustrated is a &II&icid perfor-
mance according to the des&gn of I IC&. 3A. As shown, there is
first tinm-voltage gmph 350A depicting voltage at each dmin
contact w&tlun the sw&tclung I'ETs 331. 332, and 333 lienee
there &s shown first curve 35UA1 represent&ng drain voltage
Vdl from lirst switching FET 331, second curve 350A2 rep-
resent&ng drain volta e Vd2 frnm the second sw&tclun FL'T

33Z. and third curve 350A3 representing dmin voltage V&L3

I'rom the third switching Fl'&T 333. The volta e appearing nt

each dmim voltage &s reduced from first switclung curve
350AI. a swing of approximately 26V. &o third switching
curve 350A3. w&th a swuig of appmximately 5V

[0043J Referring to FIG&. 4 there is illustrated an exemplary
emixid&ment of the invention i&here&n drain-source res&stors

are prov&ded to the sw&tching I&LTs 331, 332 and 333 of FICI.

3A As shown in micmwavc switch circuit 400. a smgle
sw& tching circu&t 410 is dep&cted be&ween ante&urn 355 and Tx
circu&t 385 and is controlled from SWTx port 310A. The
single siiitching circ&ut 410 m&w luis resistors 411. 412. mid

413 d&s posed benveen the draui and source contacts ofeach of
switching FETs 331, 332 and 333, respectively. Properly
schxted resistors act to reduce harmonic distor&ion

[0044J Referring to ITCI. 5 there is illustrated an exemplary
emb&idm&cnt ol'th~c invention whcr& in the switching FFTsol'he

nucrow ave sw itch are mod& tied to &nc iud e inter gate elec-
trodes As shov,n microwave switch circuit 500 comprises a
switching, circuit 510 disposed bememn antenna 355 and Tx
circu&t 385. Now each of the sw&tchuig FETs 531 throu@& 533
is in&pion&cntcxI as shown by FFT structure 55(l. As such. the
FIIT stn&cture 550 comprises sm&rce contact 550S. drain con-
tact 550D, mid gate contacts 550CII and 550G2. However,
now disposed between tlm gate contacts 550Cii and 550(32 is
intergate contact 5501G.

[0045] Accordingly, resistors bcnveen thc drain-source of
the sw&tclung FET&. such as ress&tora 411. 412. mid 413oi'ICi.

4, are replaced by pairs of resistors. Hence first sivitch-

ing FFT 531 has iirst resistor 541A beta cmn drain and inter-

gate electrode uul second resistor 541B between the intergate
electrode and source. Second switching Fl',T 532 has third
and Ii&urth resistors 542A and 542B disposed to connect the
intergate contact 550C& to the dmin and source contacts. and
third switching Fl', I'33 has fifth and sixth resistors 543A and

543B d&sposed to connect the &ntergate contact 550G to the
dm&n and source contacts. Whilst each switching FEI'31
tluough 533 is dcpictixI with a single resistor 312 thrnugh 314
between the gate contacts and the sii itch control c&rcuit, each
gate contact 55UGI and 5500&Z optionally is electrically
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coupled via a sepamte resistor (not shown for clarity). Biasing
the intergatc clcctrodc changes the pinch-oI'fvolmge. thereby
unprovuig suppression ol hamionics fiirther within the
switching FEI's.

[0046] Optionally the switching Fl',T configurations ol'RIS.

4 and 5 are applied to the shunt FETs even though
harmonic suppression whilst slnuiting RF powcm to ground is

noi typimilly as important as it is witl»n thc a~itching path
I'he embodiments herein described are applicable to silicon
CMOS based FI',Ts thereby alloiving for low cost nmnufac-
turing as well as ofiering integration of the sii itchin circuits
with standard Si CMOS transmitircceive circuits.
[0047] Numerous other embotbments may be envis ised
without departing from the spirit or scope of the im cation.

What is claimed is:

l. A circuit comprisuig
a first RF switch operable in a first mode and in a second

other mode, the RF switch composing:
an input port fiir receiving an RF signal,
an output port for in the first nuide providing the RF

signal mid ui the second other mode other tluui pro-
vidin the Ri'ignal,

a shunt sivitch liir in thc second other mode shunting thc
RF signal to ground and in the first mode other than
slnmting the RF signal to ground, and

a switch fiir in the tirst mode conducting Cie RF siytai
bctwcmi thc input pori and thc output port and in the
second other mode other thur conducun the RF sig-
nal between the input port and the output port; and

a controller compnsing a sv;itclung circuit Iiir providui
simultaneously a plurality of control signals compris-
ill

a first signal for biasing the switch between tlm first
mode and the second other mode:

an approxuimtcly cotuplimentary signal tiir biasing thc
slumt switch between the second other mode and the
first mode; and

abiasin si nal forbiasingoneofa sourceandadrainof
the switch appmximately in accordmice with the

approximately complimentary stanai.
2. A circuit according to claim I wherein the biasutg signal

is provided proximate the output port.
3 A mrcuit according to clauu I ivherein in use the biasing

signai and the first signai cooperate to pmvide a larger voltage
across the gate-cbaniml of tlm switch

4 A circuit according to claim I v herein the controller is
I'or providing a stcmond biasing signal for biasing one of a

sourceandadrainoftheshiuitswitchproximatea roundport
approximamly in accordance with the iirst signal

5. A circmt according to claim I wherein
the slnuit switch compnses at least a shunt FET;
the siiitcli compnscs at least a sivitchuig FI',T: and
thc controller comprises:
a control port for receiving a switch control signal:
mi upper voltage supply rail for supplying a first supply

voltage to the controller: and
a plurality ofcontml switches fiir dnving the gate of the at

lmist a shiuit I'I'IT for turning on tlm shunt PET in the
second other mode and for tumuig off the shunt O'ET in
the first mode ofoperation, for driving the gate of the at
least a switching FFT fiir tuniing off&he switching Fl T
ui the second other mode and for turnuig on the switch-
ing FEI in the first mode ofoperation, and for biasing a

dmin of the at least a switclung FFT for increasing a
voltage di hhrencc betivecn the gate mid the drain oOhe
at least a sv itchuig FET.

6. A circuit according to claim 5 wherein tlm plurality of
ci)liirol sivitches comprises a lirst control switch aliil a sec(i lid

control switch armnged in series between the upper voltage
supply mil and a lower voltage supply mil, a dmin of the first
control siiitcb coupled to a source of ihc second control
switch mid a third control switch and a fourth control switch
arranged in series bctwvcn thc upper voltage supply rail ands

low er voltage supply mtl. a drain of the third control switch
coupled to a source of the fourth control switch, tire gates of
the third and fourth control switches coupled to the dmin of
the first control switch and the gates of the first and second
control switches couplccd to a control signal input port.

7 A mrcuit according to claim 6 wherein the first signal for

biasing is provided at the dmin of the third control switch. the
'ippnixtnlaieli'omplf:lliclltary signal is providexI ai the dmui
of the tlurd control switch and the biasing signal is provided
at the drain of the first contml sii itch.

g. A circuit according to clann 7 wherein the draui of the
sw itching FI'I I's biased with an approximately complimen-
tary si nal to that pmvided at the gate thereof.

9 A circuit according to claun I w hcri:in

tire shunt switcli comprises at least a shunt I'ET:

the switch comprises at least a switching IiET; and
the mmtroller compnses;
a control port I'or rcxeiving a switch control signal;
an upper voltage supply nail for supplying a first supply

voltage io thc coiiilollci;
a plurality ofcontrol sw itches for driving the gate o I'thc at

least a sluuu ITT for turnui on the shiuit I'I',T in the
second other oxide and for turning oif the shunt I'ET in
ihe iirst mode ofoperation, I'or dni'ing ihe gaia oOhc ni

least a switclung I'ET for turning ofi the sii itclung I'ET
in the second other mode mid for turning on the sw itch-

ing FET in the first nmdc ofoperation, Iior bi ming a dmin
of the at least a switching FET for uicreasing a voltage
difference bctwcccn the gate and the drain of the at least
a switching FET. and for bimsuig a drain of the at least a
slnmt FET for increasing a voltage diiference between
dw. gate and tlm drain of the at least a shunt FI, f

10 A circuit according to claini 9 wherein the plurality of
control sw itches comprises a lirst control sv itch mid a seconil
control switch armnged in series between the upper voltage
supply rail mid a lowur voltage supply mil, a drain of the first
control switch coupled to a siiurce of fite second control
sw itch and a third control switch mid a fourih control switch
arranged in

series

betwee the upper voltage supply rail and a

lower voltage supply mil, a drain of the third control switch
coupled to a source of the fourth control switch, the gates of
thc third and fourth control switches couplcxI to the drain of
the first control switch and the gates of the first and second
conuol switclms coupled to a control signal input port.

II. A circuit according to claim It) ivherein the first signal
fiir biming is provided at thc drain of the third control switch,
the approximately complementary signal is provided at the
dmin of the third control switch and the biasing signal is

pmvided at tbe drain of the first cotttrol switch
12 A circuit according to claini 11 wherein tlm drain of the

switching I'ET is biased with mi appmxuuately complimen-
tary signal to that pnivided at the gate thereof.

13. A mrcuit according to claim I wherein the sivitch
comprises a plurality of switching I'ETs coupled in series. a
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drain of a preceding switchutg FFT coupled to a source of a
sub sequmit sw itching FFT. each switching FFT havutg a gate
thereof reststtvely coupled to the Iirst stgtral.

Id. A circuit according to claim I wherein.
eacfi sw itching FFT comprises

an intergate electrode disposed between a pair ofswitch-
ing FL I'ate contacts for biasing an intcrgnte region
to adlust a charnctenstic of the suitchutg FET,

a first feed-forward resistor electrically coupled to the
switching FFT dmain contact mtd tlm intergateclec-
tmde; and

a second feed-forward resistor electrically coupled to
the switching FET source contact and the inter ate
electrode.

Ig. A circuit according to claim I wherein thc circuit con-
sists of an tntearated circuit manufactured using at least one
of a silicon CMOS process, a CiaAs process, and a SiCre

process.
16. A method composing:

providing a siv itching circuit for switching a siyta1 from an
itlput ptilt to all outpllt port tilt:t'eol,

providing a slnutting circuit for swttchably shunnng the
signal front tlm input port to ground,

provulut a contml sigtal for binsutg a control port ol'tlte
sllttlttlllg circttlt alai all ilppfoxlrllstely colupllutentary

control signal for biasutg of a control pon of the sii itch-
ing circuit to citlmr shunt a signal received at tlm input
port or to sivitch the signal to the output port: and.

providingabiassignal forbiasingapoitwitbintheswitch-
uig circmt along the signal path between the input port
and the output port.

17 Amethodaccordingtoclaim16whercinthebiassignnl
is appmxunately a same stgtmi ns the control signal provided
to the shunting circuit.

18 A nwthod according to claim 17 wlmrein tlti bias signal
is Iiir increasing a gate-drain voltage difference across a I'FT
of the switclfing circuit.

19. A method accordtn to claim 18 wherem the bias statal
is provided from n drain source junction betwccn two first

trmtsistors coupled in san as betiveen nn upper voltage supply
mil and a lower voltage supply rail.

28 A method according to cl um 18 wherein the approx&-

mately complimentary control signal provided to the switch-
ing circuu is pmvided from a drain source junction between
nvo second tmnststors coupled tn series betv'een an upper
voltage supply rail and n lower voltage supply rail, the gates
of the tivo scecond transistors coupled to the source dmut
junction of the two first transistors.
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