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SW TCH TRANSI STOR FI ELD OF THE | NVENTI ON 5 [0001] The

present invention relates to the field of

transmt-receive (T/R) switches, and in particular,

to a T/R switch design with | ow insertion |oss, high

isolation, high Ii ower handl i ng

capabi i ty. BACKGRCUD %@:F%WON 10 [0002]

Wth the devel opment of nodem silicon technol ogy, nore

and nore high- fre cy circuits can be inpl enented

in standard CIVD§IEE&: ?y HEINVENTEINency (RF)

integrated circuits (1 C) in standard CMOS t echnol ogy

have proven feasible. However, further integration of
[0 arTlenpraseaninvelnis jetatdShdEhd Seld vif trenwhiatdceivgi(TR ) swvitches,

due to . the higher loss of silicon substrate and, | ower
and; RRFIET o acw%sswgeh desien pbday ipssriiguoloss high islatien, high
tid SRR PR ﬁ&tlﬁﬂdllﬂz/gp&b?&h e components using p-

type, 1nt sicC di odes and 111-V

netal-sen1conductor field-effect transistors

erorrs o TR G RRA B AR RN 70, 05 o
insertion | oss, publication "A 0.5-mCMOS T/R Switch

for 900-MHz Wrel ess Applications", Huang F.J.et al,
[00@2EE JWithrihe develgunint oSimmdern €licauietinolagyl, ma6 andmage high-

486-492, 20 1 d .
Frbien SR s e R TRl S8 dufest i raguency
(RF) ifitcraldt 6 EIH‘QYQS(IE? 9% 88 dardLCM@S Be@inoRlgy ﬂasgﬁ)rmieél feasible.

M crowave and Wrel ess Conponents Letters,

Hegsever, fypther integrat®nieinl Boggenmapsyitches theMOSis aviteoehallonging
| t
o R R Y A b TG M o EMOS By
resi stances, and by dc b|a5|ng the transmt and
recei ve nodes whi ch reases, the _capacitances while

[000; o FOrrsarsHRF SEysR Paa WERBEE Dyi VPFIESicRmPongRts using p-
t Qoﬁxﬂlné@ hqnméc {Qhéd%@l aid ‘-\IﬁquHp:'tdl %éﬁﬂcgﬁducﬁ)r field-effect

per for Antenna Swtch for the
trfmsfstcﬁss GHESFETa). [Recdithe GMOSt T/R $WﬂtCEE®sﬂgmhasdbeenfexplored to a
Solid-State . Circuits,. Vol. 38,. No. 7 . 1279-1 .
cSFAm xS IPaRFPREP PhatioN T gRTiSEr | A Eh GUOS T Switeh
for©bDavAE ka%wggh@éﬁmm q%nng 3. BealNIBRE Ne&iat b¥ olid-State
substrate and erlying oxide 1

Circuits, Vol. 36 No. 3, pp. 486-492, Mar 2001 and publication “5.8-GHz CMOS T/R
Switches With High and Low Substrate Resistances in a 0.18-pm CMOS Process”, Li

Z.B.et al, IEEE Microwave and Wireless Components Letters, Vol. 13, No.1, pp. 1-3,

. Jan 2003 reported that low insertion loss can be achieved by optimizing the transistor

widths and bias voltages, by minimizing the substrate resistances, and by dc biasing
the transmit and receive nodes, which decreases the capacitances while increasing the

power 1-dB compression point.

[0004] In relation to isolation, publication “A High-performance CMOS-SOI
Antenna Switch for the 2.5-5-GHz’, Carlo Tinella et al, IEEE Journal of Solid-State |
Circuits, Vol. 38, No. 7, pp. 1279-1283, Jul 2003 reported that a high isolation can be
achieved by taking advantage of the high resistive substrate and underlying oxide of
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silicon-on-insulator (SO) technol ogy. However, in

t hese respective publications, Ilinearity was limted
due to parasitic capacitance and source-drain junction
di odes. Thus various techniques are devel oped to

St %ﬂi%ﬁlﬁ%ﬂi ? 96? SB%KF(‘)’%S Lla @é t?‘%%g'?rig‘%ﬁ gublications,

i | t
1&&%}9 Ltc litﬁﬁrgtr:]eéid(me ﬁaﬁ'at e&@ &gcgsaﬂg %,B%e&edrgiﬁi ﬁ%ttoqiidmdes

Thysplarions fcomsdyes Mg daveloped\fo achiena higher boeagity. | EEE
Journal of Solid-State Circuits, Vol. 39, No. 6, pp.
863-870, Jun 2004 introduced a body floating

[0bEHhNi QHE tebMRANE NG ROrdaflUtlehNE $408E B8R HoAlng technique.
schene. The bias 10 schene uses an inductor-capacitor

Pytlicgjon Shkegraied AMOE el renwmif-Reecive Syvitsh Wsieg hkt ined Substrate

B{lA G 7REGHERY §adtns Kuticfin® N, Tl 'l e
Jouetin B FotdSage tdircutts, SA6ly 30 MOES, p. FH3SET) J60MDOL Kitfdduced a
and consunption of Iarge silicon area. 15 [ 0006]

bopkyk flagfingd feshnigge ivolyingphe Ingictivenobstpte biass schgnist Hidwe bias
sc?tglgr¥s Lsoﬁﬁ Or&gtcto"r %‘é}{f‘&ﬁtgy gLng I’ng(e [ glglsanrrz,rg g'belrjﬁﬁ%gilt)ﬁ o% A fetal

oxdbéentiadrdubtor Eeﬁil-eg'fbcﬁﬁﬂlsfbﬂﬁtl (XMOSFE Dy wikenMsed as & pess @idat RF.
SPDT Swi tch Using Bod - Floatin Technique to I nprove

Hpgower, thisrteenipngdas theydipadypitages of|desigropmplexifl g epusHaiption
Theory and Techni ques", Vol. 54, No. 1,
ofé%rgMgti{cgfg’@fé?.a . . 0.

n 20 2006. As reS|stors are |ntr|nS|caIIy
nideband the linearity inprovenment of this technique

o) fey oy Tadhs Siemies. hadeavar Qb ERas, Spifer BRLY Hoating

teEHBddCRh i R TealZbd A3 %@ 15’1%‘%@&5‘15‘#?12%' Bﬁﬁe%tlh? ;ogg? or bulk as reported in

Transmni t/ Recei ve by Vol t age
puhhvatmno‘rDcEigneagtd AnalgiafkeoMiniatuss EMPS BRI @wrtoh Deing Body-

etion La er-Ex ende ansrsLor
Pk TRRhGRe ok BhElovey PEPREPHEBRRGH P NG & g o TEEE
Tiehs$aetibisSon Mibrow%% Thleoryﬂandmt:hﬁaﬂes%%t /Snr N30@4pp. 31-39, Jan
reported a T/TR CMOS switch utilizing the

2096p 1A ir%srﬁtirayver? iaginskaly vidshaids tthe Lpeerity, ippriogement of this
teaﬁﬁ@$§§ ?ﬁ &ﬁFﬁafeCtlve substrate resi stance and

ena age division effect of 30 the stacked
transi stor configuration to mork in the CMOS sw tch.

u I nea rov insertion | oss
o g?%u%%r Fhmighe' o mRRuE Rty edVolye Hae e, "ot ' stacked
trdri3RRA. PiBlicARR hATs- aeﬁmvoéiqr&fahhg%tett% THhi@REREYeive CMOS
I nvol ves integration of on-chip
Switch Realized by Voltage Division Effect of Stacked Transistor Configuration With
Depletion—Lajrer-Extended Transistors (DETs), Takahiro Ohnakado et al, IEEE
Journal of Solid-State Circuits, Vol. 39, No. 4, pp. 577-584, Apr 2004 reported a T/R
CMOS switch utilizing the depletion-layer-extended transistor (DET), which
possesses high effective substrate resistance and enables the voltage division effect of

the stacked transistor configuration to work in the CMOS switch. Although linearity is
improved, insertion loss will be degraded and has-to be compensated by the DET.

[0008] Yet another technique to improve linearity involves integration of on-chip
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2 LC i npedance transformati on networks (1 TNs) into a
switch. Publication "15-GHz Fully Integrated nMOS
Switches in a 0.13-m CMOS Process"” reported two fully
i ntegrated nMOS swi tches which have been denonstrated

15, GHz 0.13- f . ..On
L& R SSRSORRis. BT d LN T hir: PRl 45 ¢Hz
RN G ABPIMIS SHRBeE i hONES H NGOk iDlbolTNEyo illy

achi eve the same 1.8-dB insertion |loss at 15
1n@gra5edanMO$ S\mrhes rphieh hambemeé@msm*@dwt lﬁh@Hz in'a 0 13 m

|on of sertJ n. | oss ue t Elt El@ . d

CRITH ARl ot BT b eSS o S G Eud g g socon

swifeR &Kb@dndiad"headwﬁﬁdhbs Qﬁth IHE® vEMouE MTTWs t fididve | thiSsaine 1.8-dB
suitable for 3.1-10.6 GHz ultra-w de-band ( UNB)

m%qgtpqm dessi aihd> Ghie, Ju 120 vinh13 T hiapus P16, desprelivdy. The
de! ua@ht?%ﬂ t%E euﬁ{%ﬂﬂmt ﬂ)%s SdW'ettS rhs &fhﬁiﬁs is Poq'{qgéns;tgtﬁ % Cl%d{l? ne the

ar ger transi stor size O e SwWt

mistid¥ech 1943 @hsddﬂiy’ he oS phd paasified. Thitsivitch Rﬁﬁﬁdﬁnﬁ@ s ipatitable
bet ween Tx/ Rx ports and antenna port. In thi

fopddr 1 641G RA e wrfkdgmdmm% ApRlications; ¢ syalgh with TTNs has 5
a8, 3062 SRR’ b0 TRE SR JR06R09e AfeldOON aEltp e larger |

rove |near| y I'nvol ves
tramsstoﬂafsxzd:l cfff thé ewﬁtlch |w1thaI’INH vttt irtodudds tibweyapmantlc Anpedance
i ferentiﬁl CMOS T/ R Switch for. Mil st.and

Di
patly BetivesR Tt Por anfyanferpa port. dn thip pppliealigps aoluslhémswty is

1@6&&&'1’%&1&1&6}? ¥sthfal®e ik ldegralféPr €Ss Briefs, Vol. 53, No.
. (82 7 6, Aug 2006 presented a dlfferent| al T/R

svmtch |ntegrated ina 0. 18 m st andard CMOS

[Otslﬂ?ﬁ g’é\‘ﬁ%ﬂ h&’é§ %i%e ch, 8’?}1 Oge at | ydlil\ffﬁ‘éqsetm; |u§? of “differential

aréllifebiut@C b cAtDnac A0 MTHE@hEal t:MosJ eB/RIMBwitthl e §eulfdtandard
differential transceivers and inprove the linearity

AppdicaidensBn&bang {Y.Bxlet 18l,t EHE dyansaetipns - ofB Girpyitp t4nd nSystems-11:

| oAl 1 L1401
ol oAU, 0,1 50 a0l g AR oty
Su&&hilmgdted\dhhm& ! Standir& GO esvhhologg Kuri veitedess tapplications up
enhance the linearity. This switch i 25

table f ‘
to & G Ha it PREh SRaEBCERTIRYS MU ) rraRia)toh s s psfagmodate

o] it dRRk i rGAli
B T S o N

pediesignreolt eEBBs sRiteni2tdh aserftion 1¢:ﬂSglh1gherfthaqlﬁadBysolatlon ina

6o 89 et s P S e Bk B eRrlsesipomt 1 achicve
withdud\ 'u§1ﬁ§ B&Hﬁona‘?\tteeﬁﬁqlhb%%héﬂc%%@ﬁ@éaﬁ% ThiteswiRhSs SiH@ble for

to the Shunt armw |1 severely degrades the insertion
differential transceiver front-ends with a moderate power level.

[0010] Comparing to other RF IC circuits that have been pushed up to 60-GHz, the
current design of CMOS T/R swifches for higher frequency operations are explored
only to a limited extent. Most of these switches adopt series-shunt architecture. At
higher frequencies, the lbss due to the shunt arm will severely degrades the insertion
loss, while the lack of shunt arm will result in low isolation. Therefore, an objective of
the present invention is to provide an alternative T/R switch design with low insertion

loss, high isolation, high linearity and high power -handling capability thereby
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| oss, while the lack of shunt armw Il result in |ow
i solation. Therefore, an objective of the present
invention is to provide an alternative T/R switch
desi gn vvith Iowinsertion | oss, high i solation, high

neari t pomer abi | rehy .
c{ywata%%qalﬁ B oms ot Bk oy ddpbicis o prior at
ye- ment i oned dra\/\/oacks of pri or art devi ces.

SUNNARY OF THE I NVENTION 5 [0011] In one enbodi nment
of the invention, a transistor arrangenent is provided

LpeLuing = ARG QR FHE Sl P e

conductivity type, a first well region of a second
conductivity type formed within the substrate and a
[Oglaldondhlv\@llel embqiimantodt thrdnyantign, & diaatistor erangemepeis provided

GRSl BT v A Sp RS, b o o

cdnﬂﬁ&tﬂﬂ@&y?e fal first well r&iisn 6f @edond BAIREVRY type foifed within the
. second region, the first transistor including a

subgigdte and e ipeear %«“él regloacfiibe fisd cprduckuity bmsrhgingeseparated from

SR8 SRS PP Uit

tradsang| fsimd orlbr in0Ad Eécohd vaddleregiohpthierfirstt trambistd éncluding a body

i nvention, a co tro e connected to . a _contro
tepraing} heipg s?m%eﬁ@ nEWV@? ldgeioR 2adia Yaqonth el gr#ipp switch
béflﬁgcoi%&@@td"mk'bo&f&hﬁﬁml éﬁ%&%ﬁ’sth%nﬂ&oppenecj when the

ITst transistor 1s In the ON state and to be cl osed

when the first tranS|stor |s in the OFF state. The

troller e an urce su in a driv
0GELN; hole' G PrtoRSeR! ot IR Pt B SnRBlY By 18 ohhecfed 10 a
cdnit@N &Rl of thet RebiBwbR 8IS sREHThRRLort#d! tiesceas® well r8gion
BJT transistor. The drive voltage or voltage applied

sitthiedre opgmcbwhmﬂugomtcteen@mor botvibe ONbasts addo deideed when

thg&ilr t]ljB?%%rl to 1ﬁ%iﬁpf?t age H%FE o(ﬂgr n{ggr‘cbt a%)iﬁ]g.ggoﬁrge supplying

uci ng e vol

a bﬂ{r@v\bﬁé—éem i:l‘le @atdieeminahin tIHE)SEsETofteOMOHHETCEﬁlsis?(ﬁ' dr@0 3] base
I n. anot her enbodi nent of the inventijon, the subsh'ﬁge
tepraifiabig the paseype Bl Bersisiere The dave voliage qsvplipgsgirphcdigtween
ohE 5] 408 Bk a0 S 14 SBEEN MRLL d SRR On
mistrexaeddOBrdshaldsiatiteoy'y. Redineing dlsdniet eoltugy thbelaw W wilpeause

mgggégﬁﬁ%U)WMISF irst well region may be a P-type well

[0013] . In another embodiment of the invention, the substrate may be a P-type
substrate, the first well region may be an N-type well region and the second well
region may be a P-type well region for an NMOS transistor. For a PMOS fransistor,
the substrate may be an N-type substrate, the first well region may be a P-type well

region and the second well region may be an N-type well region,

[0014]  In a further embodiment of the invention, the first transistor further includes
a source terminal, a gate terminal and a drain terminal in addition to a body terminal.

The source terminal includes a source diffusion region of the second conductivity type
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region and the second well region may be an N-type
well region. 30 [0014] In a further enbodi nent of the
invention, the first transistor further includes a
source termnal, a gate termnal and a drain term na

o R B SR S, o PR BL AR s

diErasen GEdivh tof thy Réconfl &ﬁuﬁ&nﬁ@r 86 He{hgt Reme8GRNHe WBddnd well

region and the drain termnal including a drain

realuOflf Uib¢ bpdy éftymmal dcledes as@lﬁb’n‘élﬂ@&ind uegipw iof yhe fipsé coedusyvity
ond eqi o The body term I .
e e g B8 AP fnd s kB0 Toe “Phis® bRl Bd'the drein
te@@iREILIGETudE hy‘hfﬁiswiﬁre@i%hﬁﬂ af dafremRet ¢d’1\1dh&ﬁl1@€ﬁ=‘(ﬁﬂ thesddy terminal.
region. The source termi nal and the drain term na

Thﬂh soureRe terundls thy drpin égm@naloam%ﬂm body é@ﬁnné% nidgiede \diffysion
regloﬁé‘ﬂlt%gd%{’%s&%r g]v{flﬁlefe%lo he source termnal, the

rm nal y term nal include diffusion
regions fornmed in the second well region. [0015] In
anot her enbodi nent. of the invention, the second wel|

[0618; ongppihencrigdiment ofdhe invientian, heteconchwell regian syitgh may
be'@}tﬁ‘agﬁst@r. fTh%l ti?aﬁlgfsfo(?% gﬁ f)@gsﬁeﬁ fo &rtra‘ﬁflgﬂop %} %rblgolaratranmstor.

transi stor. transi stor e selected fr
Thyr arpisafr haabs saleced fromns gsiuprtg‘ tohsisetatonsistinie of metal-oxide-
sem conduc el d-effect transjstor, n-channel
SeREARAuEQY oflée?i sﬁgﬁéoﬂale?&%t% e wlei anfalexide-sgtucandyctor field-

efRERANGSr, PREBheP Xl - R CRPHILOGr FibRLIRE f8lstor, junction

transi st or, junction gate field-effect transistor,
gatBel-sefisct twtsgtob; ipgilated gatabiodardrankistor hettnog eo litmtied.ed.

15 [0016] In another enbodi ment of the invention, a

first well region termnal may be connected to the

[0616]St MehbtheeahBRiimEReoflthé fiver@dd, arfRel W&l teR1dH tBathinal may be
connected to the first well region may include a

coamqt%ﬁ%the vl 1gioph Ehe Eesd Migllaegian éerminal gonngstedydaithgyfirst
wéelpr rr[fhlyI H]?ludh S hiSlon lreg'g)ho& e OseleOOHL Z&ndu%t191ﬂ9&|ﬁ3%r being

e Inventioff, ‘a passive conponent
:bhﬁmiﬁﬂh@ﬁﬁﬂu&ﬂrt@enflrst wel | region termnal. The
passi ve conmponent may include a conponent sel ected
fromthe group consisting of resistor, inductor and

09992 %o L850 by 124 o, 1 b 0t 3 6y o
coupled to the first well region terminal. The passive component may include a
corﬁponent selected from the group consisting of resistor, inductor and capacitor.
Alternatively, a first well region switch may be coupled to the first well region
terminal. The first well region switch may be a transistor. The transistor may be a
field-effect transistor or a bipolar transistor. The transistor may be selected from a
group of transistors consisting of metal-oxide-semiconductor field-effect transistor, n-
channel metal-oxide-semiconductor field-effect transistor, p-channel metal-oxide-

semiconductor field-effect transistor, junction gate field-effect transistor, insulated

gate bipolar transistor but not so limited.

[0018] In another embodiment of the invention, the transistor arrangement may

have a single-ended architecture or a differential architecture.
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25 terminal. The first well region switch may be a
transistor. The transistor may be a field-effect
transi stor or a bipolar transistor. The transistor my
be selected froma group of transistors consisting of
met al - oxi de-sem conductor field-effect transistor, n-
channel netal - oxi de-sem conductor field-effect
[001ANS| B Hothd?- GNHINBENtNEH Ble-iB¥éfiRn, BRMSRNIMCIRngement may
field-effect transistor, junction gate field-effect '
inchidagi second tiansigloathering3® sgarce toinpodlae gateterimgnadrandus drain

e s flinipLRC e P ERRARGnIEe e il of e second

tradsigdram@N e drravigel 4t QCdisthfoeOfora ok fah@theiNdf & least about twice the
architecture. 5 [0019] In another enbodi ment of the

mpxipaig psessttehnplogseselusionar r angenment may i ncl ude a
second transistor having a source termnal, a gate
termnal and a drain termnal. The gate term nal of

[0020 fimSéne erabGdiskoy ofihe ihfention] £ tlafsisonatrafenieftis provided

~second 5 transi stor may be arranged at a distance from

inghdingrotipls welt statctyreohe triple wellsip efre ineluding,a sybstrate of a first
r . o

oBHRSHEFE L0560 UE LBk ARl 8 st wiin

substryie and dadcondnedlLickigivg & the fipdt eomdictividy typetheing, sehivated from
triple I tructure including a substrat f a first

the G“‘??GfﬁFfvﬁt 419 i‘sif 5 ¢ 5@5105%%@8 [ ATTRRGEMERL EF'%Sr wsgpge first

SR ¥n bY BE tlCLaBsh Weh %@oﬁ AR d SO BE: HaBsigtBF ifluding a
second well region of the first conductivity type

bdskyi tagniselpzaieg echnectednto thessesosb weld regitny. Tlivetrdnisistr awehgement
region. The transistor arrangenment further .includes .a

i Fichiey Arfist BRG® PRl F0E RANGSHE ol paminal of the

firsE Safistan) G HRE welll &ioh! RSS! Sdnnkeared Y6lithe figst vaddegion and a
term nal being connected to the second well region.

sevpred pasaie cempeneat being eprnied toshefissd wicH segioe teraingl.r st
passi ve conmponent being connected to the body term na
of the first transistor, a first well region term na

[0oDINecCkneshet @mbdidmEnt oft thedhVentiog) o trafgiston arrageairedt is provided
passi ve conmpaonent being coupled to the first
F

. : [

inplgingr gty HapruoueRe e it SERBYE: Remdngrma herate of a firs
AR e, S5EEH 3 B SRS Rt Pitin
substrate tind e secomdudklhpgensafiibe fest eonductivity byl being separated from

o SAEI ot BB vt R0 RafE Bifage o o

trSRERITNRE of 8P thetdechiP whil T8iok ARG WS Eikt tMndiMBL including a
bei ng separated from the substirate by the first well

badydfcaminalTyeing eenmsrted 6o- ther seapnyevel region.t Fer trangistos dargngement
‘algé {nscfudes a second well region switch being connected to the body terminal of the
first transistor, a first well region terminal connected to the first well region and a first

passive component being coupled to the first well region terminal.

[0022] The following figures illustrate various exemplary embodiments of the
present invention. However, it should be noted that the present invention is not limited

to the exemplary embodiments illustrated in the following figures.
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transi stor formed on or in the second well region and
the first transistor including a 25 body term na
bei ng connected to the second well region. The

transi stor arrangenment also includes a second wel |
region swtch being connected to the body term nal of
the first transistor, a first well region term na
connect ed BRIENDESCRPTHON OFCOHRDRAWENGS! St

passi ve conmponent being coupled to the first well
region termnal. 30 [0022] The follow ng figures

LR LR N S A —

intlnging! £ Sied INMOSE Rhhsidlord f B afipleiwdil suctir® Wile (18X BoB} Bfitinal
enbodi nents illustrated in tﬂe following figures. 6
bagry psedtyeRerraNMES frepsisippgeentdsyg pomsimimdguest of the present
nolQMs. @ cross-sectional view of a transistor
arrangement 5 including a first NMOS transistor in a
triple-well structure with the body termnal being
bi ased by a second NMOS transistor according to an
[0 o Fighre IB shewprie sere-sestippahtvigh; off gobansistery grrangement
71n§liﬂ@1 ) W?@ﬁ?&bﬁﬂ% tnrl cg\r%/eﬁlb@cthfea\gﬁh il{légfr')oqyntegninal being

arratfigenen nclu transi

“biased plye-RMOS temsisor acording to srhembatiyetterfthapdesdneinvgntion;

bi ased by a PMOS transi stor according to -an enbodi nent
of the present invention; [0025] Figure 2 shows a

[06759SS-Fightd Plwsvd &¥LiecBodd IH St @ﬁmﬁ‘s&&%ﬁlﬂ?&ﬁent including

including an NMOS transistor in a triple-we
anglM2T ransispirtih atthiplebpellstiusture math thebody tsimsetbdiyg hiagdsl by a
first resist and the well. term nal bei ng biased b
rirg tgnat BB b e bin'e Y et e apipsto an
enfRIBAEHt of MegittdeANinvEda6] Fi gure 3A shows a
cross-sectional view of a transistor arrangenent

including a first NMOS transistor in a triple-well

[0(22663 g?]tcﬁkﬁ/f%%%&qu shfi§s BP %osggé{ﬂ]oggkv&é? | &el ngal%iiﬁ@ rg g:lrr?%ge%)ent

ansi stor an term na
intlndingth Hyst ANMIOSs tradsivtorazc o nxdplegvdliostanchasboith tenbodf terminal

T WK LT,
B R S i R o A i P
PMOS transistor and the N-well term nal being biased
[0@7&2 er 13{1% g;h isﬁcvg:/s? radic{'] s-tsgct%rﬁale @ecx)}\gi off gt trgr];sisttcl}e arrangement
including an NMOS transistor in a triple-well structure with the body terminal being
biased by a PMOS ftransistor and the N-well terminal being biased by a resistor

according to an embodiment of the present invention;

[0028] Figure 4A shows a cross-sectional view of a transistor arrangement
including a first NMOS transistor in a triple-well structure with the body terminal
being biased by a resistor and the N-well terminal being biased by a second NMOS

transistor according to an embodiment of the present invention;
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[0028] Figure 4A shows a cross-sectional view of a
‘transi stor arrangenent including a first NMOS
transistor in a triple-well structure with the body
t er m nal 30 bei ng biased by a resistor and the N-well
[ I ased by a second.N transi stor
048 or s 90 PaRR G HER IR et LR AaRgeRent

lnﬁlqgl%g]anﬁumsetrﬂrﬁlsﬁm Riptd- Q@ﬁ sﬁ‘ﬁ&ﬁfeo@ﬁh thd MyobrAinal being
transi stor arrangenent including an NMOS transi stor

bipsedabit ai qgsletomlnﬂ the rNrotallr erminah being bieshd by ranPNEIS transistor
bel bi as sistor,.and.the N-well tern nal
acBERE oo SO en ol AR el R AP ool ng 16 o
enbodi nent of the present invention; 5 [0030] Figure
5A shows a cross-sectional view of a transistor
(06304 ang%gﬁm 5A sBPwEi & gressiseetipmnaNviey t 9fagsiransigton grrgngement

inbLiRLE $E QU ELMESOM D e PO LD n DB Ptermina

|as y a Secon ra or an

bl Bibgtdl bydesdegnd NagOS thyisistor bﬂiﬂ the VB fernainsli tediiy biased by a
according to an enbodi nent of the present invention;

third NNOS f{angistgt aecoshng inpinsemabadinend Osf dha preveat iInyPRipnof a
transi stor arrangenent including an NMOS transi stor

in atriple-well structure with the body term na

[0484] ng Flghmédk bhow.s fd rcedssRMIBnhl sy séforn amidtdre arrangement

wel | ter beln bi ased hy a second_ P . .
m'?filﬁwg'agt Eal}seﬁt By riple- ﬁﬁéav%m WB\Q ﬂ#h@%r Gpipal being
bihdeY R4 QR P:H’OE %gﬂstoF L B4R R- &QPM& ﬁbgﬁ%lés"éd @ Bsecond

convent i onal series-shunt type single- endéd
PM@ISt teAnsiator acgpedieg tq arf @OBRlimenipfitke ﬁresdm(oweatwmdel of

parasitic capacitances of a MOS transistor that 20 is
used as a switch when the transistor is in the cut-off

[063291 ONFigh R0 §4dhotvs B k€hctalib WFSa RohAnebhal Steeibs ik t%fb single-
inferdigitized MOS transistor used as a sw tch;

erled 36} switghareangametiows a foundry p-cell |ayout of an
NMOS transi stor operating as a switch; [0036] Figure
9B shows a custom zed | ayout of an NMOS transi stor

[00333r atFig@are® sBows a model of parasitic capacitances of a MOS transistor that

is used as a switch when the transistor is in the cut-off region;

[0034] Figure 8 shows a layout sketch of an interdigitized MOS transistor used as

a switch;

[0035]  Figure 9A shows a foundry p-cell layout of an NMOS transistor operating

as a switch;

[0036] Figure 9B shows a customized layout of an NMOS transistor operating as a

switch according to an embodiment of the present invention;

[0037]  Figure 9C shows a comparison table of parasitic capacitances of an NMOS
transistor in cutoff region based on a p-cell foundry layout and a customized layout

according to an embodiment of the present invention;
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swi tch according to an enbodi nent of the present

i nvention; 30 [0037] Figure 9C shows a conpari son
tabl e of parasitic capacitances of an NMOS transi stor
in cutoff region based on a p-cell foundry |ayout and
a custom zed | ayout according to an enbodi nent of the
present invention; 8 [0038] Figure 10 shows a graph of

[o@snml qhg@kel Ilﬁﬁ{oWs%%rEﬁﬁ of @RfhldtePlAtHioR 184 aAd Tédtation of a T/R
swtch with and without shunt arns according to an

swéighowithrend witheuieshynesans ac¢ardingt oo eBIbPGDBD] ofi tharmwesent
im;l shows a graph of sinulated linearity of a T/R

CHP2h with and without shunt arms, and with

di fferent types of body-floating accordi ng to an

enbodi nent of the present invention; 101][0040] Fi gure
[0089] shdiigure b shistvsod geaphnafsimulatedslincariphot & JeR gatch with and

a_ T, S
s 0h S bt S S0 SO e B o
entvdoaémentheqgrescheinpégidant i nventi on; [0041] Figure 13
shows a schematic of a differential T/R switch

arrangenent 15 according to an enbodi nent of the

hese \% 4
O0FS S Tightl' BRI LAMEF SFHMESiABIYS Aodidyion of a TR
s“atch owithog srmnalams]bmdh wetht araf witheup bedwfibatinpy ecdording to an
[ 0043 ure 15 shows a graph of nmeasured

enf E’PW‘S ﬂ?e eeatigvetiOnat i on for differential - node

smal | -signal s according to an enbodi nent of the

present invention; [0044] Figure 16 shows a graph of
[004d & s urRiguxeo h¥rshows e sehejnatic ithna dafférentiah F/Reswiil amahgement

d f.t d t tch di t
* scirngingn pehpdgient HeRe SESERaRER R vent | on: [ 0048]

Figure 17 shows a graph of power handling capability
internms of P1dB at different frequencies according

10043] an Egexedl4rshewsie dinephofagsanty of plied rilifferoptial '[/BDSWHCh
ac&":rml {6 1h o SHimeiFof dY! EM&Q}L\%%ﬁon;

[0043] Figure 15 shows a graph of measured insertion loss and isolation for

differential-mode small-signals according to an embodiment of the present invention;

[0044]  Figure 16 shows a graph of measured common-mode rejection ratio in the
ON and OFF mode of the differential T/R switch according to an embodiment of the

present invention;

[0045]  Figure 17 shows a graph of power handling capability in terms of Pi4p at

different frequencies according to an embodiment of the present invention;

DETAILED DESCRIPTION OF THE INVENTION

[0046] Exemplary embodiments of a switch transistor arrangement are described in

details below with reference to the accompanying figures. In addition, the exemplary
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[ 0046] Exenpl ary enbodi nents of a switch transistor

arrangenent are described in details below with

reference to the acconpanying figures. In addition,

t he exenplary 9 enbodi ments descri bed beIOMIcan be
Lfied.in ous aspects t.hout chan

s gescrd ﬁwnf%he mMogHed| InpyaEous A %voglﬂéput changing

thgggg&es(ﬁqﬁéﬁga{how ew of a tranS|stor arrangenment or a
sw tch arrangenent including a first NMOS

tran3|stor inatriple-well structure with the body
MOS .t r ansi st or

00T, i, A M £RESretfhd S R Hema i BreRenyer a TR

swhttfl drfafB&rh&itQhclading ROBRERIM GO QranBislod 8% tAplelwdl Structire!with
structure 102 and a first NMOS transi stor 104 forned

therbady fermimab-beinge bise¢d byo& scmndt MMOS| pamsisfer] hccording to an

ruct 102. The tri .structure 102 i .ncl ydes, .
erpi Rt ci@ereb Brbadt. T RiepyBlt Wb e fonl Rl eSS wipe
wélt §iReurs 403 taﬁ@heﬁxaﬂx@Mowmﬁxstdmmmhﬁecﬂ&ﬁoﬁmh P hgpeNvell 106

pe well 108 are | ocated inside the -tchue substrate

ofﬁﬁ@trmlm weH sty t02dhe iplg walkistize 10 chideg e Bréye well

e e
gnﬁxfgfg‘g%ﬁlof 8. 2R y?:{ggﬁ u%gtgat%]l%é isﬁ% g%ey&vgn 106 and the N-
typexmnl Hshailoghtad iidesthe \B-tyye rsa’ﬁgﬁit@ﬂlﬂlhﬁdltthél@l shewe 108
to about 25 ohmtcm The P-type well 106 or P-well has

isqlatey thedafypaavell WdFrom dhe P-type S]}BSt@Jif‘a}r’gﬂ dhe Rhiype subsatetld0 is

R P U L L GRS GR0RSDE ARO[ om

aboenl$ mhtrecmt @halbtype 5x10166 oatPewsll ﬂms actypical well depth of for
cenf ter, The N t%ge wel I 08 or %ﬂﬂhas a

exg:S;]B & A OWEPI p,uaegnt ﬁb gﬁpqvgragg ng ch}ﬁep’gatmn for

ex@ﬁ‘@}ét 1§ 1 an k8 &1 4BBhN X Rfm ﬁﬁ)ﬁ{sr 1| QBidBehtiBRdr 18 MbBkOEk 10
10]5 atons per cubic centimeter to about 1X1016

at@msn@ qubic Qeubmctec&hell‘hﬂ@tp@rwelm (gd\lﬂrqllmae avigptital well depth of,
structure 10 f by
fof BN B bhie T W ThP Roriph BB porr ey b frgm sbout
4><t1loé5 ﬁb@mgﬁf aubla cbﬂitﬁnét&ﬂ @ gbovel k16 nusidip& B2 dntiafeter. The
follo pe well 108 inplant is done, for

tnas@aw?ll éwwlﬁﬂﬂanéiwﬁmd&bsth@ﬁkmemlhl%ﬁ coufrdeping daceN-type

w@ %@?g% £ atﬁ)hodﬁh@afenéﬂﬁ% %hé? id WEf @&%&&mm% as follows.
ons per squar e cent ter ener

Af Norgpabweil 108 GkgVart: ds dbm;tfoit@ﬂiﬁﬁple With phdsphmowe (P3P with a

WRRFcAPe) P LAY DBt SPLB g footl OIS Gems per
sqtﬁ%@ Wentinhéter fnd &e?@@éjﬁorﬁ]aﬁgulcl 60KRS té\l‘aﬁd‘tﬁqowﬁQ ’lil‘f%&\ﬂtﬁpe well

counterdoped wth a P-type well 106 i npl ant.
108yipiptaat isckbsagesingerhigh teniperapye stapl whlmh)may typically be about 6 to

about 12 hours at about 1125° C to about 1150° C. The N-type well 108 is then
counterdoped with a P-type well 106 implant. Typical dosages for the P-type well 106
implant could be about 1.5 atoms per square centimeter to about 2.5x1013 atoms per
square centimeter with energies of about 30Kev to about 180Kev using a species such
as bordn (B11). The N-type well 108 and P-type well 106 are then driven, typically
about 6 hours to about 10 hours at about 1125° C to about 1150° C. This sets the
respective P-type 106 and N-type 108 wells to the desired doping concentrations and
depths. '
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i npl ant could be about 1.5 atons per square centineter
to about 2.5x1013 atons per square centineter with
energi es of about 30Kev to about 180Kev using a
speci es such 30 as boron (Bl11). The N-type well 108
and P-type well 106 are then driven, typically about
6 hours to about 10 hours at about 1125 C to about

[0048P0 Crhelhitss NMEOS tEdhSistok Q$ﬂ€iﬁélh&e% £obdP Crchdfl ang having a P-
N-type 108 wells to the desired OEI n% concentrations

tyBh épodn epffgon regippddd] aTrrared t@tm t hayieg gn oN-tywy source

SR PSRN 00 B AR clt BB fosigp 122
and-4 gpe te@uin@lelzeulifHeuBJtm bealy diffudibB, regiofl rdU tHeeNFypakource
120 havi ng_ an e drain diffusion region 122 5 and

diffugien eegiqy Hsrﬁd'ld th? -tywndram gijiysiop segion Lz aisiadforragy igrthe P-
t
Ry rell 1 Dk BEn SO0 Sfrandulerd URDAEEY HLiddS £REbobdNMOS
tranbiato’-126 yhechitd asl@ﬁzvitc'ﬁl&dt is @omicstedrto e Iwﬂgaetanmhallna of the
further includ a second transi stor 126 whi
firg OGS tERSPT 01 50 a5 £ Dits TG Br QTS RESIAs A Ucaich gt he
t
ol Geihindl'Pig b b aRhRROS iRk 104 1 282 obfy PaP the first
NMErdrirmadistdrl P04dofs ihhtke ON statd\lm todsrisinshair1120ef the first NMOS
iy S OF BRI mIes Jh, STt NSS! rapoip g (108 i (o QFF state.
Bmemn% Bﬁ@ﬁ@bﬁyoﬂoa%ﬂé ohEy \Qﬁ’é'n ﬂ"ils %t'NTIQO@ ethsish? 10k i$tn the ON

ransi st or IS I N st at e. yturnlng
stamntabfé:umWnpmmﬂhwgolemnypwﬁemanmoffthe ﬁansnm*rangement The

sef%@nﬁWé)fra%Sﬁs%%re]?Zrﬁlolpﬁlga%s zggl?dyt ﬁglérnltnflpﬁétf uorvg'n L s&dTBS Rfinal

128! hadig@MRthinall 180 hbd se g8 deriMyhd Iml'IEHeSdr@ih t]m?rﬁmal 130 of the
i ncl udes a body term nal .(not shown), a sou

sepqud M tramsgstord 26ris ponneates i e bpdy t%@nﬂé 1@&9@ the first NMOS
akﬁ}‘ég'r%l Jn%zﬂle-rﬁﬁﬁc%r@hﬂmgﬁﬁfﬁ 3@ &hé‘%gc % S ﬁ%ﬁﬁ&gr I126 is

transi stor I'S connected to t term na
cohidtaf td eouhidr o tNDEhe tecand i SMAS k@ﬂsmtnﬂ lfzﬁe()]ﬂparmktage is

termnal 128 of second N ranS|stor 26 i
svpfiihioche B ETTR R AG2 et g CSC gt i such tha the gt
soﬁfc@r\ﬁiltﬁg@ is &%e%’e tRre¥RNd %ﬁa SothedPRlsis®. The ts&%ngmos

term nall 132 of the second transi stor 126 such
trambigtor il 3é withbe OFdGti ﬂm@amoma@e/qltgg%@@pebdhw thérfheesholdgroltage

voltage of -the tra S|stor nd r.
of {8 iy Oh, 4 wsizeloF i oficmet L 0 B0S g R Sr b e
134h@nhbdtes toihd Naygeagell 108. TheNtwalh $drffisH] - 131hﬁcludes an N-type

transi stor arrangenment 100 further includes an N-wel |
diffasien pegion 136 formed in the N-type well 108. The transistor arrangement 100
also includes a P-substrate terminal 138 connected to the P-type substrate 110. The P-
substrate terminal 138 includes a P-type diffusion region 140 formed in the P-type

substrate 110.

[0049] The body terminal of the first NMOS transistor can also be biased by a
PMOS transistor. FIG. 1B shows a cross-sectional view of a transistor arrangement
including an NMOS transistor in a triple-well structure with the body terminal being

biased by a PMOS transistor according to an embodiment of the present invention.
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134 connected to the N-type well 108. The N-well
termnal 134 includes an N-type 25 diffusion region
136 forned in the NNtype well 108. The transi stor
arrangemsnt 100 aI SO incI udes a P-substrate term nal

P&l PARES fltRa WibstespotR o, RE 1A 30f ok iy cbriGi eain here

_Newﬂh@réssmghlﬁ@ reRebnce dif® Pefey 6 ideHhEH edpokbllts. 3the PMOS
[0049] The body term nal of the first N transi stor

trangister] K eludesas dadpyermingbNmg shozsmsi & sopce frginal #44, a drain
|
BRI S5 BB SoH g bR b EACTAFO e pyioS st

142 is rmbﬁnea&ldl to Slﬁef bmiyttéﬁnl‘t‘iliﬂt 112t sTeh&DUYOS eransistat 10Lamthe source
ased by a ransi stor. according to an enbodi nent

teaﬂm@hh““québ% RM@W@W#%M 1§ rompegicdrtad pgweé alagply Vip. To turn
thg%ﬁbsbt‘?éhsi’&&rhlizeéﬂe%t cﬂlga ?a ﬁi&d"\{o' {he inal 148 of the
escri bed her é @ h ess erence

PISﬂOﬁnisarrsEschrlmcsuc]ﬂémt theagate soyponesitage 1s'|'beﬂ0\?|‘(f%ﬂ1reshold voltage
ransi st or udes, a hady te ot shown)
o b6 Or i PM& wragsigios 12 i b B so?u@cst wltage

1nEﬁ5§EsQ@$ve]tﬁ§thr %%Mj\';c@fa eBPﬂl ELlélst 1’41'6 of the PMOS

transi stor 'S CO necte to e body termnal 112

of the NI\/EB tranS| stor 104 and the source term nal
of PMOS transi s 142 i s, connected to a

(088 o yFASD: SO bR USSR AP b Ashestiedd hotiding

aﬂ@M@SJ&aﬁs‘fst&ﬂH'aﬂ tﬁglet@ell Sfuceat SvithethBb0ay tektithaPbheih Blased bya
PMOS transi st or 2 such that the gate-source voltage

fiyskrepistopand Fe Nmeélsmmmak/bﬂmga@eseddiy & $psond registos peeordimpéo an
a i sto F if
crfinbl SIS bont Hctlide) 198 rifindel gl A SHA R she wite
wlh etriighae 9103 tegdates( 00 2N re i ddes nashedyvEheali6deOESY- lsse@&etrpﬂha IP-type
view of a transistor arrangerrent i ncl udi ng

welt 40 prd e N-tvpg well Hileangdghe dinde &2 @P@Wtﬂw NH@P%W@} 108 and
thkﬁ-/\g}m?ﬂbsggﬂerﬁpbg ﬁd?iyq}émﬁnzal jb 1250 hERMOE Eraﬁﬁgjcof 16 is biased

termna el ng biase y a second resi stor
byae togaliesigtor d Sdthet&byethid dddyreamtimed 102 beq:nmd?:ﬂ floating. When the

t T f N- t 108 t
bady Emendlygz ol P SGR Frandistch oiris BB Fied B o, smlelr T54, the
trzﬂﬁfgﬁ{ Vol%z%@ of t&q&t%;‘é%érpiw& "écﬁuﬁﬁy BO(Bt)!IPﬁ)pe%Bflthé-anﬁ r\‘/@ltage
the N-type wel 8 d the di ode 152 béetween t

Tins pyqiventmher sauo@:-bwll diadeel 56-andpbraindhdk dinde 158 d‘ronThemg turned

ansistor 104 i
onp 9 Yo Rt PRy Aot ERRY sy o e 2 gistor
arR@sanes. Roveheathd8iod¥V180 HehfeeAOthb Qtiyptaidll 186 add ZhedN-type
the NMOS transistor 104 is floated bf’ a | arge resistor
walb 108 bepemes unprotected and can be turned on by large P-type well 106 voltages.
Once the turn-on happens, the RF-floating state of the body terminal 112 in the P-type
well 106 is broken and the linearity performance may be degraded immediately. To
overcome the body-floating limitation, a double-well body-floating technique is
introduced where both the P-type well 106 and the N-type well 108 are biased by large
resistors 154, 160. With both the body terminal 112 of the P-type well 106 and the N-
well terminal 134 of the N-type well 108 floated, the diode 150 between the P-type

well 106 and the N-type well 108 and the diode 152 between the N-type well 108 and
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transient voltage of the P-type well 106 is actually
boot strapped by the signal voltage. This prevents the
sour ce-bul k di ode 156 and drain-bul k di ode 158 from
being turned on by |arge signals and thereby inprove

P 3yhe mhion 10 mBTa0Rhe RN & atsblindstBhRerdistiimenaf e dypaistor

arRbbmdRGyian@dt bb8cdbdadpe 25 wel |l 108 becones
unprotected and can be turned on by |arge P-type well

106 vol tages Once the turn-on happens, the

tate of the.bo ter 12 in
[()@ZII]yp o 3 go%sr-%qgg%nai&be“{ s a ?u}%si Tt attvngement including
a ARk NMOB NE@siERY i Riplke geRdedhnbIFes diift @k Bod cennqme beiaE®iased
t he bod%floatlngllmtatlon a doubl e-we

bhadpcendoRIMQg trassistor cand hs N1Wﬂ11r el bﬁmr@a&fétw fHgsistor

PP By Ae ol OGO R ALR 0P8 B 14

exiceptnihaedhe I-Zvellf tetrhinaP184 bes bednl bikédl ynd f‘ehﬁof\l-lﬁmh Ishown in
termnal 134 of the N-type well 108 floated, the diode

FHs3AeBiasing bRodyigpainal b13 of G HRY NHOS\ragsigon k94 with a
o0, A B 90 R A LBl T

NMOfe arahmytopelmﬂousn@m; ehatby hmptdvm tlst olatian rFenfpemeamte while

I d 051 3A shows
bl\émst“ég:, gje!csllé oid q%o it a]di% B%t%é‘ ¥ 1§W§ QP 6‘?35’21?‘??%% g¥spqme the body-
ﬂééﬁ‘ﬁlﬁ YR ffion Aud 1:5 IS BiolMPS beRRSh IHROP-tifke Weil 0608 the N-type

technology wwth the body term nal being biased by a
welb t@hahdvp8iode 462 bstvaen dredN tine Welhb08 artdeR-tipesiibateaiatjl0.

bi ased by a resistor according to an enbodi ment of

the present invention. FIG 3Ais simlar to FIG 1A

[0632]ePtFEBB §HoevsN: sl sck@sil Rithy I rhdsstdierfinBé&R Gndiyding
a resistor 160 as shown in FIG 3A Biasing the body

ant M@ pnsistor igfa tripke-well strucwewithy the §pdy rmirghbeing hiaged by a

PSS R o o SR e o B vy B3P Bicpfifng to an
erﬁm\dzdlmbﬁr ebyhd mnsemtl getition. | Hd.a3B o gieilhortordfice ki with the
asi ng he term a resistor 160
di sﬁnﬁ%flbc at&b%ﬁ%%ﬂ?ﬁépﬂ?d ot éﬁ%\éﬁs Sistar 188 i Rlaghsleby
PM@S‘tPﬁtho?%z%%%aﬁ g‘éﬁﬁm 3%150699 We" 106 and the
type wel di ode 152 between the N-type
vveII 108 and P type substrate 110. 15 [0052] FIG 3B

08T A oS R “osHO VR P RERY Pipogoment including

a glfdt Nl\gogﬁkdnsﬁio& € b WHiSleWrdINsthleRirO Qdth the bBly armbRi Being biased
I ase
by a resistor and the N-well terminal being biased by a second NMOS transistor

according to an embodiment of the present invention. FIG. 4A is similar to FIG. 2
except that the N-well terminal 134 has been biased by a NMOS transistor 162 as

shown in FIG. 4A instead of a resistor.

[0054] FIG. 4B shows a cross-sectional view of a fransistor arrangement including
an NMOS transistor in a triple-well structure with the body terminal being biased by a
resistor and the N-well terminal being biased by a PMOS transistor according to an

embodiment of the present invention. FIG. 4B is similar to FIG. 4A with the
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PMOS transi stor and the N-well term nal being biased
by a resistor according to an enbodi nent of the
present invention. FIG 3B is simlar to FIG 3A with
the 20 difference such that the body termnal 112 of

aiftPEnca o, hatybe N Stet Sl PR iRl 4sr BV tmepristay 164 os

shE{wvﬁmffcsmﬂ%te%d%'f%mést&aﬁﬁ%r vi ew of a transistor
arrangenment including a first NMOS transistor in a

trlple wel |l structure with the body term nal being

05sfS o iss 34 ol RRec il ieBront Wistsidrngh et thehing

a £Eb NMOE RfanSiktot REa PiES SR duriéRd W@ thébédy %ﬁnhﬁd being biased
simlar to FIG 2 except that the NNwell term nal 134

by secoad NMPE Jeagsipipr anduiedN tyellrisinainal beimpbigsed byhaihard NMOS
tr:ﬂsgtor %’Abdr@l %%ggn %Inb%dﬂ‘fe?l# 3{" ﬁ{e rprg’s%n{ ngérﬁlon':k‘ﬁ} g’E ?Ql%ﬁll‘ to

Cross-séecti onal or artang

FlGlCiAJdrlltﬁghe dififeNMCE stichahat thé DI-weld tandindl 184 19/\&|a$ed by an NMOS
structure with the body term nal _being biase

trqngisios 192 apigad RE aNcuieloT. BiesnE by ouel gte@magleh%?y?@n NMOS
trdnMRr nl{6§”1§1!5t%£ ot %CI%% %& '?1%&&9 168 fle& o t‘gesgflﬁ%ﬂl%ﬁ‘% \{Vhﬂl the

prese i nven Is'sim
NMliEtrﬁlﬁlsﬂ:brfvﬂﬁblemCtﬁnﬁeﬁﬂﬂi to et bddyeedhingdl | term nal 134

is biased by a PMOS transi stor 164 as shown in FIG

4B instead of an NMOS transistor. [00551 FIG 5A shows
[0656]" 0SS &H {0Rla db&W Lol LR ot StrisisBr aARAEIRMH: including

Including 5 a first NMOS transistor in a triple-well
ansiNM@ES traresisidrtih atmplebmiystt@tu’re maih the body tsimamebbeity biased by a

r ansi the N-well nal bei ng
5 SRS HRARRoloh R Rk et AR ghors BRHH Y ¢ opa PMOS
trRREA 1268MIng fto b @niboEeimk of MegitbdeaninvEht{on, TAGL SB is similar to
simlar to FIG 3Awth the difference such that the

FII(G vﬁe’# withetherdiffarencg suphs thet thechpdpyyreraringid ofithe N Q8 dransistor
ShePSTR ! 5,882 A5 MBS N 08 16

mﬁbichSNMﬁS framisidakl ity of synchronizing with the NMOS

transi stor which is connected to the body term nal.
[ 00561 FIG 5B shows a cross-sectional view of a

[06473"S ¥i®'6 é}{owags%ﬁaﬂaud BEA e&man%e s th{elfrnatf;}ﬁé ?ﬁl@fe ~ended

In“a triple-well structure wth t
TRBeiwitghbirasgendny. Ehe TR sfthcﬁtanﬁhmlemt aneirshwies fwelsartes 168 and

iy el L0 RoRerma b S S S RAE T ghe M g e mein

sVHIRKEIRL tifRtiods ®r B8 ﬂrﬁlsﬁilm’fﬁ)' ah@ receive (RX) paths and the shunt
transistors 170, M3 and M4, increase the isolation of the switch. The shunt transistors
170, M3 and M4, are turned ON when the series transistors 168, M1 and M2 are

turned OFF respectively, so that the undesired signal in each mode can be grounded by

' the shunt transistors 170. A shunt transistor may improve isolation but as a tradeoff,

degradation on the insertion loss is observed, which may result from the parasitic
capacitances of the shunt transistors in the cutoff region. Each of the shunt 170 or
series 168 transistors includes a body terminal (not shown), a source terminal, a drain
terminal and a gate terminal. The source terminal of the transistor M1 is connected to

the transmitter (TX) and to the drain terminal of the transistor M3, the gate terminal is
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FIG S5A wth the difference such that the body
termnal 112 of the NMOS transistor 104 and the
N-wel |l termnal 134 are respectively biased by PMOS
transi stors 142, 164 i nstead of NMOS transistors 20

pcftéit PR gt@ lﬁas gel’stgﬁr)a 31;,0 ax?; IQ’ onvﬁr%tlngl 18 connected to
axﬁirfté’fﬁﬁ%m and tzﬁthzls&r@awetﬁtha@bf RABGRAR b 10 The gbt@ d&thinal of

two series 168 and two shunt 170 transistors.
the dransigtor Mhds sernesied 68, onkend raf amthep gptcdring teh‘stqrel?m and the

SW t chi funct| s f or t.he t TX). and. .r c
RS el s Sifieptie (PREiey edhing Sty Rsistor
MM¥ Thé RefeeaSEnAlNGE tr&R]stlriMB i®borreeted Wb 88 end BE g8lRUEs resistor

transistors 170, M3 and M4, are turned ON when the

Reeanidbe squagestempigplds comector to gepung. ‘Blresgate termigl effransistor M4

[ t [

is c%gr?eec?éd t}ﬁ%!n)-‘; e}lg S)rft ggt% %QSH%%IE@Q?{? Enxfcfj h?: as%@tféé tt%rﬁléﬁ@%so%ected
tosgid. fmrtﬁh@‘teﬁlrﬂ dfeach rsﬁﬂmaesp@atfatgate IbidditesigdraR g1, Raz, Ras,

tradeoff, ~degradation on the jnsertion loss is
Rotis spppssted iRiadiowis puprlyuThe gate as FESI§Hefs avt SeEveslg improve de-

nces of the shunt transistors in the cutoff

blg@ﬁ?%ﬁbﬁEach of the shunt 170 or series 168

transistors includes a body termnal (not shown), a

source r m_nal a r.ai term nal. and . .
[0038] i n%f(s Trehovs q medel of marastic c‘(glpaq%gcqsro}&%e%p'aqﬁstqrghat 18
us%@ 135 %%taﬁt‘éh tu@lenttllﬂ:,etrﬁl{s?s‘ﬁﬁ'rfh it e oL & RREbthAshHg IQ%I&II Where the

termnal of the transistor M3, .the gate term na
trangistans demned! QFF, ané thard 1Hho a:og@c@obrtamcreasdrsmcﬁndmurce The

d t.he drai,n ter |scnnectedto n _ant enna

Of RNy ey Bttt % Oftin 'R B AR R s oy HrgfobE gy not
cobBRleftd! ©hé piradifalcaicitaicdds oA Bars be theMigriab & SRHNAE bedl lead to
to one end of another gate bias resistor R& and the

ingertipin lase dagradatiang Aédhﬁ gleanagl efothe OB drapigter iy Fot) forped, gate-
sotu(t’cet ﬁtaﬁ#@ ggremd te- 1{%} I&a?géi'ta?ﬁ@ i?%b%?: duyb%l}gf%t (?veflap and

term nsi conne one ‘end
fringing dapadtanesi stor RG3 and the source termnal is
connected to ground. The gate teryinal of transistor
M4 is connected t€gm§gd‘ u%xgal bi as resistor RA
and the source termnal is connected to ground. The
ot her end of each of the respective gate bias

wh&SIISt 8érdtd3%he oA dRBhce bEHch Sate ARNSGIrEs dlath, @ Pover
suppFPY. The gate bias resistors may serve to i nprove

Cdcdendfes Moattd Gphéitanodper[itaBda, FI G 7 shows a nodel of
Parasitic capacitances of a MOS transistor that is

W is the width of transistor.

The values of Cg and Cgg may be very small when compared to that of a MOS

transistor in saturation or triode region. The values of source-bulk capacitance (Csb)
and drain-bulk capacitance (C db) may also be small when the channel is not present.
The values of C, and C i depend on the area of source and drain, respectively. For a
stand-alone MOS transistor, drain-source capaéitance (C4,) may be very small and is

normally not considered. However, when the transistor is used as a switch, the metal

connection style exhibits severe coupling between drain and source, and thus Cy can
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used as a switch when the transistor is in the cut-off
or subthreshold region where the transistor is turned
OFF, and there is no conduction between drain and
source The 15 OFF resistance betmeen the drain and

nokhg 1EAHTAL: TH oB PR PP BINCBIBIH: SEER BF o8 FUCGHgAR MOS
trdmQis@ound and | ead to insertion | oss degradation. As

the channel of the MOS transistor is not forned, gate-
sour ce capacitance (Cgs) and gate drain capacitance

(0853 s S Smg bR FUED F B i e MOR gangistos s as o

swilth aamﬂingpo gh 8indOdienAEHIMBE Pra@aitanaintios OTHeGREN @nRections of
Cox .denotes the gate capacitance per unit area, Wis

the Jeainild? podfthe poies H‘bare mzaratkb andi herd o spciogthen Whegy these
apeec %ﬁ%&e& Q?L %wr a tizR@IIcll ﬁgtal?_ﬁ%g\ag?ruggwh is

ransi s In Sa e region

ofoh1gﬁowpeat3burlke eﬁ@acbém&c mﬁﬁd)hlgn&ruinﬂmatmtmwale down of
capacitance (Cdb) may al so be_small when the channel

te‘Fl‘émH?c&eSp?Se%mwtal dFPFéNPa‘?%?PUo@Ta@sbnaﬂtﬂl Wedlé"ﬁé#&feéﬁps with
Sn{;{pﬁ Q{aﬁ]ﬁel%n urce and drain, respectively. For a 30
st an i i :

-al one transi stor, dr ai n- sour ce capaci tance
(Cds) may be very smal | and is normally not-

nsi ve en the tra is used as
[0QaR ¢ cfﬁc? 3?@ ?F&“é?l {088%{1\&& F‘?lg]ﬁyg‘tt;ﬂrfl 3\5&49& tf?slsk?li?&@il’%ratmg as
a 9\%&{ 'a@&)r«ﬁlﬁé"’rﬁ% SnBbdinRAC of Qe ﬁ&sexﬁ‘ﬂﬁvéﬂ%ﬁ ﬁi’@ 98Nshows a

not be ignored. This can be explained by a | ayout
cwtoetlzﬂd biyowinof raneNMQﬁ tiang gfoMOBerating e i & swrtch [aoc)ﬁéﬂng to an

El 8 .sh out S etch 0 terdigitiz
ettty 6 e peBl vty RapNaRds, Bl iy 6 MiBwing
dieehasisTENt 13 LHEL B @38 Nim, I fRseRt+ GnTheTtﬂ}@trﬂﬁﬁl?de distance of the

connections of the drain 172 and the source 174 are

custenpzadalay@it of g NME@S transdgenisqppeaximytgbi? tipes dhat f the preell

t
o FAEPTEL 5 oPhh b0 BB kRt o wvtos
trahBBBtoe fifi @atofbagiviEisased be 3Sf0gﬂdrf}'| sasll lavybtuhartdhe cﬁsﬁﬁh&ed layout

do of tec | ogi e as the, netal tance between
achorimg ‘0725 GRACUBERCE (e PERSEE BASHE W B STOruRgFbe of these

pat AN @hpdcBRYEY - can be extracted from post layout simulations. When the

transistor 1s OFF, the customized layout provides better isolation.

The overall drain-source coupling capacitance can be written as

- It is shown that Cppp is reduced significantly from 45.5-fF for the standard layout to

9.5-fF for the customized layout, which directly provides better isolation when the
switch is used as the series transistor and is OFF. Furthermore, when this transistor is

used as the shunt transistor, the smaller Cppr leads to smaller loss, which poses

positive effect on the overall insertion loss.
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[0060] FIG 9A shows a foundry p-cell |ayout of an
NMOS transi stor operating as a switch according to an
enbodi ment of the present invention. FIG 9B shows a
custom zed | ayout of an NMOS transistor operating as a
swi tch according to an 15 enbodi nent of the present
invention. An NMOS transistor with the foll ow ng
ns : Tt : = MSR=
e o en b BieoiTnEhe sTield bBATR Sk Shepgement
as\o@nt indii€s. $t the shuntippsistirsmat ehynt 4rmibaedo providecfuffidient large

. p-cell layout. FI C ws a.c arison tabl e of
i ISR et S S R st OB ar b et fom severe
dé‘gﬂidhﬁibr_l.rﬁﬂhifgﬁ fRmeskiey) i éag!déiﬁw chupiil| effe@b’@éﬂom%@ @i@iﬁcant,
custom zed l"ayout 20 according to an enbodi ment of the
lepdieg éne shwniaath with lawes impedanse end dhugdugher lossedbthe same time,

oI AT PR AR R M B e ppgnion

e SN B Z2R0shhAy Rikdsifisrovtidedes Dedstsernificmtigl Tk, whag the isolation
overal | drain-source co%fllng capaci tance can be

cafiy pe trantagned pwitoopmstonzeq &yout ciroigeic Bs stund@ym( hycopmes not
BB RR A oalofel 0 3BETITRY e (b0l ticarity

pafisinanted el Gay® showswhigedphdoft daiulayedoinesttidr dodsednideikolation of a
i sol ation. when the 30 sw tcgwili% used as e series
fl

1 t
Ty avideispoh andgvithoupsiont ggmg g to ﬂaémmﬁ}r%ent of the present
. | e 1 . .
AR, T iy Uaethied B SRUR PR o, bhe i vi
shpas atnhsy/ ehee fibecdf sanies hansivtersaddd shuse trbngstodsass W E6 108um/L =
050061 In the conventional series-shunt t

Prigfoctegtar B MR- Ah W 01 AHOKIrBAEeTs e sRERBYAY: Forrihesswitch
wg:h?éths%u% #r%,aihézg%%%sﬁ%fo L2ied rtra\%ﬁhllél; otrs t%rrel d %ﬁ}ﬁ%ﬂﬁf O\él, Gi.zig.tmlﬁ-

icre edance en
fihfeRd, redpeliviel R MHeOgForft RpSystLMert Sdelly 48 $8\aEBmdzed layout
egradation. At high frequencies, the capacitive

aschgpmiin et PBds eployed In shemimplagiany the signediisfyjased ah0.5-V and
; i [ ' .
S R VN PSSR0 S Y AU b S e
custenipederitdhaaghit aghieegs 2bdB btierdsoltiom windnndoenitar@inadth standard
of the _shunt_ trapsjstor..increases |o

turn S . .
: tf@"fsbﬁtﬁrfqr’;llﬁ%}’r‘it fd this result i ahtaingd withgus sfogy ar@anf‘lﬁ@ the insertion

1098 RolEEn WaiBoBUSHON aRft ha¥QubrsSht L1803, BehERtRUAbm the
arm becones not 10 necessary and can be renoved to _
abisepreonfeshuhiearimss eighificant! iogwowemeent ofigwseitionp loss at high frequencies
can be observed. The linearity performance is also improved without shunt arms. At

10-GHz, 19-dBm P, ;5 is obtained for the switch without shunt arms, while only 15-

dBm P is obtained for the switch with shunt arms.

[0062] FIG. 11 shows a graph of simulated linearity of a T/R switch with and
without shunt arms, and with different types of body-floating according to an
embodiment of the present invention. As can be seen from FIG. 11, when input power
increases,. insertion loss drops due to linearity limitations (that is the switch cannot
handle very large signals). When the insertion loss drops by 1-dB, the input power is

noted as P14, Which is used to measure the linearity. There may also be other manners
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performances. FIG 10 shows a graph of sinulated
insertion loss and isolation of a T/R switch with and
wi t hout shunt arms according to an enbodi nent of the
present invention. The results are obt ai ned from

ost - | ayout si nmul atj For .t he, s h vvlth unt
o prsuiotieanbl tf LR ik Tt St flomance with

dltffe?erﬂ? 'sfvit@l{ %oxﬁaﬁlrz\ﬁons 108M d-GRzL The dif@éfélﬁ lefbﬁecfoﬁﬁ@ﬁ}‘énélﬂs are
fingers, respectively. For
nwly,cwﬂqlw witl shung tomt andrwithauih dody-flesting, swetch e'sthout shunt arm
oLrsnare W L—013rT16
o PR PORT 985 e, TugEN by Sy B e gt el opting ey and
sﬁfllt‘rfh GaBb@nihnad at yput mtﬁlSio‘é.’Bl@Well floktifg. ABdisBussed earlier, the
enpl oyed. In the sinulations, the si %nal IS biased at
ProseRCc/ of sHunttages rdegha@ﬁ dhq: bueastint gy 1 cﬂﬁlagréag ag ebtaingd for a

and ON, respectivel is shown that the 20

sveitdh Wik Algnts scand B éﬁm Heohtaiped for that pathewy shunt arms. Both
[ r I
rekli@o%% sﬂﬁ]ul%@(? %1@9%@%3&&12,0%@%% Vgﬁut {)}ﬁlg% E{lg esistor of 5-
k@ the.P, ?lﬂé:‘v]mﬁrhﬁed SE-dBANDrimsak: iadtfoventdn@bf Ghearity is observed
tr adeo s due to shunt transistors are rel axed.

whenefsetdndgs-kOorasishe is abserCfirtkr Sbatnthe aledF N-well. With resistor
significant inprovement of insertion |oss at high

badyellppsingi o5 bogtnd-well sind edagpdV-viille A9-¢Ramr Pty is obtained. These

performance is al so inproved w thout shunt args. At 25

rei@tscwn 1 uecinfpenca miijancsionadiodss qothe dimsanty nesformangecard the
dBm P1dB i s obtained for .
eﬁB%H%QfJ@ble“@hﬂ Sﬁﬁ?é‘%ﬁs [0062] FIG 11 shows a
graph of sinulated linearity of a T/'R switch vvith and

g oot e ] SoPUBGARHaRe ibforiapploss and

1391%?151? "Herfbﬂﬂﬁﬁ%é QRpecfillyC el 8t § @&nﬁfﬁl@ﬂn witiGthel prop¥@ncustom
I nput “power |ncreases insertion | oss drops due to

1ab'®lrte&@hem9 Foma tsmtpb rt@nelshatthatss ttermed wint &t paragive capacitances

Iar Si e |nsert on |
feé?rg e% ‘ﬂB B%r 65{ Hlﬁc}?see&lod’s B &8 t%ey arc now
r e -
ﬂ%%é& i Hél? tllr% %ggﬁtgrerﬁ?%ég{f%%%ﬂ%dl (?1}(3 alh'fndg Sé)ulir{;': Jl‘gasr%)(.?. / @letor
WBJWhtlSIhl th&éheN Stamisadlﬁdnhtbdlm tn2 q@ewﬁ ar gragic ef Vitdulated insertion
di ff t. switch. confi iosis at 10-GHz. The
logy p FSéP 1°§\)9ftac /R S B b AEDs, ﬁagrémh agdwithput body-
ﬂ(‘!‘é,t % rﬁnaé}ﬁibd’&lﬁl&ﬂ%f tBQ?YesEﬁtQﬁ{'érﬁi%n Rbel ®B double-well
out sh arm and w thout body floating, swtch
badwﬂrmmmsshumi intim comgpanisomy Hetmelr¢uits lusathengropesey castdmdayout

t ; d, wi t.h doub] e-wel | .
F.nﬂé”hu&ﬁ'aalﬁé o 13 B P e eSOt g Brprose i od-
ﬂ@g[t ases the I | nearity, only 15-dBm Pl1dB is
obt ai ned q;Elor a '

[0064] FIG. 13 shows a schematic of a differential T/R switch arrangement
according to an embodiment of the present invention. The differential T/R switch
arrangement 176 includes transistors M1, M2, M3 and M4, resistors Rgi1; Rgz, Ras,
Rga and an inverter 178. Transistors M1, M2, M3, and M4 perform the main switching
function. A high control voltage Vs turns M1 and M3 on, which enables the
differential path between the antenna (ANT) and receiver (RX). Similarly, the

18



10

15

20

25

30

switch with shunt arns and 19-dBmis obtai ned for that
w t hout shunt arns. Both results are sinulated

wi t hout body floating. Wth a P-well-only floating
resistor of 5- kO the PldB is inproved to 22-dBm

o TR RS YELE Bkl b ISRt b VEeY o oo
vdiﬁ@@ 1§\|bi’¥§éd thrWéH‘tHeel%'sﬁécﬁ{fe Q28 fRB;anI'GQ REORAHW fT}educe the

and deep 29-dBm P i 5 Obt al ned.
eff@s LdUtestoe%mdmttvet h@phngl ek thé gat,motf ithe @FBdeansistors. The

gl i ol in ROy < 15 ie0 denfine, FRR o Rermperipg it
s@gqebenaédoeéﬂﬁ@raudnk ERh ahd Ipovwat fRGd iheicki) e aiffedéntiad Duitput
i sol ation performances, especially when it is

SCb@mb llmféxlie m hahdkﬁmqﬁrtb@&mﬁl@ ended owput poyenthatdhéndB higher Pias
d
co&lllcg\% %Ve nSI aélﬂ)gé% K 19%1% \ﬁlgchcdgg t\%g qu%%vetr lgandlmg

d};@[ﬁiﬁﬁf is Qﬁd‘ lﬁﬁﬂeﬂebﬁ of TREDS AR sivitBlses adi flefedialadréhifettire is of great
| oated. Thus, the negative effect of incr eased drain

adypptag it cerTent sdliconoieckinolomyn Sughemorp mimapng Svith, single-ended

argl\.l‘lte%fu?% etg'e Sdlﬁlelle 151%5%1% Sie its %hsepq%al‘?tyb (%P&T%et makes it

Si ml |nser and i I on

inSiMieC fBo Vobwhed Usupphiu Rarigions, ammh dubdtiate awnite WThbfdre o differential
floating according to an enbqdi ment of, the present

arpli{Rs RS df noRBERY mﬁ%fﬁrrab B aPPligations Jeguiting &aglilqsgﬂg@l quality.
)gﬂ o%nﬁ t&@ L%tﬁ b;r;ﬁ% dlﬁgltelﬂ 1&1I T@%&rﬁc}yﬁeesgéﬁﬁallpfoﬁ) Qﬁﬁg&{wer
ust

ayo ave no shunt ‘transistors
frodteads twitt ﬁﬂ]yeduffa:mtm] architesrei isn itheep final eclromats hrﬂlyofdnju switch

R o Hap OB e Btk 18 O VSY AT emigh DR switc

arBne O Eht N6l R cRAct | eEat &f sihBR-RtES Sitch RY SviPIh FIG. 6

~The differential "T/R switch arrangenent 176 incl udes

with smgitgmes.s M, M2, M3 and M4, resistors RE; R&,
RG, 30 RA&A and an inverter 178. Transi stors M, M,
M3, and M4 performthe main switching function. A

hi gh control volt age BfgleSnicdfahRedltsand M3 on, whi ch
enables the differential path between the antenna
(ANT) and receiver (RX). Simlarly, the 18

f er n ' t
oI, sPicibASTOF| tho Plheb RSP el HERa L proved by
eﬂpbmmgilal tdealts @She Cibiricated € ichipo The Rdl di@ntiR0BR Motwhtodrcuit
reduce th ffect_ d t t pl
Wi SABREHED{int He IGHY THAMRLS; BES-MHG 001 Pty BRly JHT CMOS
teBiHd s Wt 8 ﬁle(ﬂl%nwr ¥ RIBEEBLsBAPN bRG 90-GHz. FIG. 14

capabi’lity conpari
shows a die photograph 180 of fabricated differential T/R switch according to an

embodiment of the present invention. The active area of the switch is about 180

umx150 pm.

[0066] The measurements are carried out on a wafer, using Casbade Microtech’s
differential G-S-S-G probes. A four-port network analyzer was employed in the
experiment, which avoids the complicated on-chip balun design for testability. The
control voltage is 2/0-V and the TX/RX nodes are respectively biased at 0.5-V. FIG.

15 shows a graph of measured insertion loss and isolation for differential-mode small-
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5 singl e-ended configurations. Fromthe power point of

view, a differential output schene is able to handle

twi ce the single-ended output power, that is, 3-dB

hi gher P1 could be achieved in the proposed

ferential switc As the power  handlin capa

Slg@i HEORE OAROWmERISE 159 Preset fpraEon. %%Fe Input
! bt §CHhabicRed, ShOfcalE SR par@URP [RGBt ﬂelfgte BivhleROR th

tecmno ogyc ?:urt eC?nDre par npanEn9 W th f:i’)lsfsf:ng eqen g ©
ingetion ks (wlotnuveifchtih eurded me)r@'nsolaitom(a‘thsmswyeh n§ tugned off). The

infRufiBt lost isprghio 2 & PUHD i ST ALT-1ps U 15 alP20-GRz

thd BEJcBidH Pss & f)f7er est i@y, laT-Czﬁidt 201dW, Gedpectiilyral lllé/ isolation is
preferred in appllcatlons requiring higher signal

bedraRildp, at frgpensidsivg toe BE-@dzi gn of integrat ed
differential T/Rswitch is essential for transceiver
front-ends with fully differential architecture. In
[oﬁidw f i Dphraflefcs 4 & me@8rY of QitEuitvd déviceldhatdctonisticst Dieerdlily on
enpl oyed, the transistor count in the proposed
thel |comﬁgué¢ftqnaandwpsth§moncﬂle reyltange heve diffpen Bhﬁ;@@bmegmmg, for

exgﬂllf)%! %({%jgns‘lhﬁl}%iode re %ctg1 1‘%’[18 :Eélﬁﬂ?tlgw élgllj) Sloscé;h g;gﬂaﬂxaﬁ 6@}6%MRR
is Theaseilell its/ e ny&rv@efrd tti‘&smis\ﬂﬁﬁt coeffitRdnl Qd)n\mﬁe trheekiged ameimon-

proved bé experinmental results of the fabricated I C
meqiﬁ piengt fh%ﬁﬁceld’ﬁ?* fdirersptialimagersighplt dliGeikocshaws feggaph of

C
me G ol ot g B e PR, OFF Blodt Tt il
T/Bf svhiddBSi ctordingi ts tan renibedimveat oPthe @rizsentih@Gntiba. She KBWwsode, the

cogiﬁ?fgﬂl%tég %JF%}h 1?88%,& %2%& f)@ﬁ% ﬁ@td'ﬁfliéseﬁﬁﬂef than 40-

dg.nvention. The active area of the switch is about 180
gnx150 m [0066] The neasurenents are carried out on a
waf er, using Cascade Mcrotech's 30 di ffer enti al

O] 5B EP s BERb A J9PYET s o P
diserent freqicpdicd Bchdipg B b Rrbedinttht bothel edeabidvihtion. The P, 4,
control voltage is %/O V and the TX/ RX nodes are

increaqee diony about RdaBeBmadt 2Boa- MGHA 13l abdif 30aBmaatgbayB-Glz,
of . measured .i nsertion d: ggagand sol at.ion for

ang; if repaint Ahiheqsyel o gfuengies. ghatierty GHy- dfhe power
h@gggg EARRBHiR Inay RpPSRSERT ALMIS WA confRSHP IRDad bWkl ®ody

floating technique with the single-well resistive body-floating.

[0069] The aforementioned description of the various embodiments has been
presented for purposes of illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise form disclosed, and obviously many
modifications and variations are possible in light of the disclosed teaching. It is

intended that the scope of the invention be defined by the claims appended hereto.
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and output is matched, the scattering-paraneter
(S-paraneter) S21.is equivalent to the insertion |oss
(when switch is turned on) or isolation (when switch
is turned off). The insertion loss is within 2.0-dB
over DC to 20-GH#z. At 0.9-, 5.8-, 10-, 15- and 20-GHz,
5 the insertion loss is 0.7-, 1.5-, 1.7-, 1.7- and
2.0-dB, respectively. The iseLAfM& is below 21-dB at
frequencies up to 20-GHz. [00671 S-paraneter is a
measure of circuit or device characteristics.

Dep i,ng ;on +t.he configuration and application, the
resu atrlfgf/lalﬁ%ﬁlels'di fferent physical neaning, for 10
exanpl e common-node rejection ratio (CVRR), insertion
| 0SS}, * AYQIn8ioP BrraddifrcRMRRybrisigEasur ed by the forward
transm ssion coefficient fromthe transmtted comon-
node signal to the received differential -node signal.
FI Ga tfiflestsivsruatuge, alpditriple wel stsuot@e comprising node
rejection ratio in the ON and OFF node of the
differential T/R switch according to an enbodi nent of
the pres ' ' 3 2% de, the 15
connon-n%ggb$§¥§§¢%%%tféﬂ%5@§ r ﬁgn 28.7-dB. In the
OFF node, it is better than 40- dB. [0068] FIG 17
shows a grfapthwelf rogivnerf anecsiidi dogdeaivalitypd fprmed withimghef
P1dB at different frequencies according to an
enbSHPSH#R of the present invention. The P1dB 20

i ncreases from about 24.6-dBm at about 1-GHz til

about 30.2- t e ' '
ovel ar BuR 0P LR o ey edilcdlinl BRblts Hoplel from
power  hahsdubsgate dpaid fidst wellreagionypr ove significantly
when conparing the double-well body floating

technique with the single-well resistive )
body-firsigzansistpr fomedenayin theseedndregkbregionnthg first transistor

R e

description. It is not intended to be exhaustive or

t 0 ld datdnd vl teBitaniwiRh btRglcbindeteiab Sig: bodtyechitalodsadirst
and obviously many nodifications and variations are
pBaEidele in |ight of the disclosed teaching. It is

i ntended that the scope of the invention be defined by

ol sty Botk REAREF of B B8 v chBe bt renge potential

when the second well region switch is closed.

2. The transistor arrangement of claim 1, further comprising

a controller being connected to a control terminal of the second well region switch
and controlling the second well region switch to be opened when the first transistor s

in the ON state and to bé closed when the first transistor is in the OFF state.
3. The transistor arrangement of claim 1 or 2,

the substrate being a P-type substrate.
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atriple well structure, the triple well structure
conprising a substrate of a first conductivity type;
a first well region of a second conductivity type
formed within the substrate; a second well region of
the first conductivity type being separated from the
substrate by the first well region; a first transistor
formed on or in the second well region, the first

t r ansi $héfranst@ditrtagibdfer® opeimBer m nal bei ng connect ed
to the second well region; and a second well region
swi tch being connected to the body term nal of the

fi r dhe fitst anaB region baihgaeNatypbiwebaelsion.er mi nal of the
first transistor is connected to a reference potentia
when the second well re i?n switch is closed. 2. The
traﬁ%igh%Fm§FW§ﬁﬁ@ﬁ§ﬁngP glnth 1, further conprising
a controller being connected to a control term nal of
t he ;secon | regi on i.tch nd.controlling the
secdRGRE Ve odiPbdlle TR VB weRBHGEG When the first
transistor is in the ON state and to be cl osed when

t he ¢f | TR trhdsRAG aSfaBberhént loP ah NEndIifcl Akl Qo 53. The

transi stor arrangenent of claim1 or 2, the substrate
being a P-type substrate. 21 4. The transistor

ar r dngénetransoftordhigthen c®mptisimgfai sostcewerhlinal ey gaie tepminmad) amha
N-type ¥ell ﬁegion. 5. The transistor arrangenent of
cl aiff'3 ¥ second wel | region being a P-type wel |
region. 6. The transistor arrangenent of any one of

cl aizrsyd, ﬁ&sﬁtort#ﬁngélﬁé{t ofk@Rgkstor further conprising
a source term nal, gate termhal and a drain
termnal. 7. The transistor arrangenent of claim®6,

t he thostue® tbRiinkldmpeiegra sdurg daffisded @giodi dffthisieosnd
regi on of the second, conductivity type being forned

i n cARducH¥ K me}ngrfgﬁpqg}ﬂp the second well region;

the drain terminal comprising a drain diffusion region of the second conductivity

type being formed in the second well region.
‘8. The transistor arrangement of any one of claims 1 to 7,

the body terminal comprising a body diffusion region of the first conductivity

type being formed in the second well region.

0. The transistor arrangement of any of the claims 1 to 8§,

the second well region switch being a second transistor.

10. The transistor arrangement of claim 9,

the second transistor being a ﬁeid~effect transistor or a bipolar traﬁsistor.

11. The transistor arrangement of claim 9,
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the drain term nal conprising a drain diffusion region

of the second conductivity type being fornmed in the

second well region. 8. The transistor arrangenent of

_any one of clainms 1 to 7, the body term nal conprising
t \Y

¢ ypgﬂ%eelgg%& %{#S?ng dxr ‘t%g{gtoﬁ%lee%{seélcﬂg)%aa \%(ﬁ.‘&) omgéi&%}s doh%tﬁtmg of

tr anmtslt@ndeasenanq&imm fiefd-effaet hnsidter, nlchaxmel ihetab-oRide-

the seconq wel on switch heing a secq
t r arf€inigogguctor! ld‘f’ CUTARHSIOG Y @P%%ﬁ@n%@e -spmigpngugtor field-
9, te@ﬁcﬁ%@ﬁﬂ)r

RO 1018 B cidrdnkitlof 1ﬁ§1ﬁﬁ9& gate bipolar

transi stor or gﬁblpo [Tar transistor.

t r ansinsistor. arr angenent of claim9, 22 the second
transi stor being selected froma group of transistors
consi stin nmet al - oxi de-sem conductor fiel d-effect

t rargi @E‘%&aﬂsﬁ—t%}f‘éﬁ‘?ﬁé@m%@ﬁFLUBbSinleo%f-Cl%@mlcteHélu%‘t’téﬁf comprising
field-effect transistor, p-channel .

met al si stor,

| un%tflirgeridv%g %ﬁ{ﬂ tgﬁ%%g ‘%O ff‘cft%(ﬁgg%? S{SE fieh r‘%éﬁpat ed gat e
bi polar transistor. 12. The transi st or ar rangenent of
any 18NehOfrarshstdrBrahgodrfent bf claithiher conprising a first
wel | region tern1naF connected to the first well
region. 13. The transistor arrangenent of claim 12,

t he thé fist wek régioregioimat emmmected tecthe fies tredl I'egioh kemprisiag a

S GBI e RebsEooB P TRy e 1 e st wll

wel legibggi on. 14. The transistor arrangenent of claim
12 or 13, further conprising a passive conponent
bei ng coupled to the first well region termnal. 15.
The 1dr Ensiratstoraraageesre of claim ¢ ar i3, fdrthérfvermpaisimigy e
conponent conprising a conponent selected fromthe
group consisting of resi stor, inductor and capa0|tor

16. *PASSIYS eTaraserybeing %@@ﬁéﬂf edfrstovell Frgion termiaplai m
13, a first well region switch being coupled to the

First vl ﬁaﬁs%%r%?rahﬁ&ﬁ%ﬂ?%%clalm 14,

the passive -component comprising a component selected from the group

consisting of resistor, inductor and capacitor.
16. The transistor arrangenient of claim 12 or claim 13,
a first well region switch being coupled to the first well region terminal.
17. The transistor arrangemeﬁt of claim 16,
the first well region switch being a third transistor.
- 18. The transistor- arrangement of claim 17,

the third transistor being a field-effect transistor ora bipolar transistor.
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17. The transistor arrangenent of claim 16, the first

well region switch being a third transistor. 18. The
transi stor arrangenent of claim 17, the third

transi stor being a field-effect transistor or a

bi paljar, transistor. 23 19.. The_transi stor arrfangenent

of gllgaﬁ]r?%?}Slﬁt?{eaqaﬂg%eqtlpgﬁ]ﬁ%ﬁ& bei ng selected from

a group of transistors consisting of netal-

OXi qfe ﬁﬁ@t&%ﬁ%%&hé ké18dis ﬁB{rﬁ{?éro{q? BPeAR|Mrs cOnFtapBemetal-
met al - oxi de-sem conductor field-effect transistor,

p- ¢ harteedenenndhetox field-efteni wansibtort wrhdnnel mewi-bride-semiconductor

transistor, junction.gate field-effect transist.or

| nodTok e SBPEPT ar sl medt e sersgondyor fPldreest o
ar r anasERAusdtion PyteOTidd-effed tAh oL ihRilA& gf@¥ipBhir &ansistor.
si ngl e- ended architecture. 21. Thé transistor

arrangenent of any one of clains 1 to 19, having a

di f f26r €h¢ fradsistorcniangehentef any &k of hmisrlandPst or
arrangenment of any one of clains 1 to 21, a fourth
transi stor having a source termnal, a gate term nal
and baviggaisingleprdedapchitestyre. The transi stor arr angenment
of claim22, the gate terminal of the first transistor

and 4 h e.termnal of the fourth.transi.gtor being
arr oo B G el oE R B B0t | ot
about tw ce the maximum process technol ogy
I €S Mlavitno Qi ffédntial architecture.
22. The transistor arrangement of any one of claims 1 to 21,
a fourth transistor having a source terminal, a gate terminal and a drain terminal.

23. The transistor arrangement of claim 22,

the gate terminal of the first transistor and the gate terminal of the fourth transistor
being arranged at a distance from one another of at least about twice the

maximum process technology resolution,
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