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TRI PLE WELL TRANSM T- RECEI VESW TCH TRANSI STOR FI ELD OF
THE | NVENTI ON [ 0001] The present invention relates to

wo b@ss@hd of transmt-receive (TfR ) sw t chesPCEHRG2(06/000278
particular, to a T/R swtch design with | ow insertion
| oss, hi BRIFISOWHIIPFRARSSITIRIOERIVE ¥WaPE BT RANSRIIR
handl i ng capability. BACKGROUND OF THE | NVENTI ON
[0002] Wth the devel opment of nobdern silicon

t echnol ogy, noge ' ncy circuits can
be i npl enent edk'r%ﬂgsgﬁgrﬁ%%'gwess.

Radi o-frequency (RF) integrated circuits (IC in
(ﬁ‘&)an rd CMOS technol ogy have_ proven feasi bl e. _

[000k) \evidie Presspt mEstionTelgies o die fsld vf Rensmitrasaive KT Rrrtches,
8 pe Al ' : [ . hi gher. | nss_of.
ond R pre e o AR AR DA R bRt 0 nplfiBmchien

linef9 8§l highrpopeahandMngsapitititynas been doni nat ed by
di screte conmponents using ptype, intrinsic, n-type
(PIN) diodes and I11-V netal -sem conduct or
field-effe @n@(ggﬁ\qj -F/ﬁil:g{?t Tli@ipntly, CMXS T/R
switch desic%}}eﬁas een ?)?fo ore oNa Cértain extent.
In relation to insertion-loss, publication "A 0.5-nmm

/R SW, t f 900- i rel licati Y.
(0003 Vi 0 4cyRlbpme o SidoneGRmalded s morered mare Bigh-
freqi@lcy cRuld® cadbe P leﬁﬁﬁteﬂ%%’std}ﬁﬁrdz@@ﬂoglﬁ%cgé@ lI%Elﬁoé%‘er ency

"5.8-Gz CMOS T/R Switches Wth H gh and Low
(RFRéatpgrated ceigeuitn (EC)oin standardMEIE Q% desbselogy lliavZ . pBoedn &lasible.

. Irel ess Co nent etters ol.. .
o EF, QA URNAGBLr K3 YRR SR 1<fte Ydngin
due tonthe highenldsosBsilicum dubsteah iV RV Yin@Rit) BT eMOS HbEces.
transi stor wi dths and bias voltages, by mnimzing the
substrate resistances, and by dc biasing the transmt
d i [ - ' .
00031, K6 ke Km0 6 e 80 by WGP B
type] 000Hisic, m-typea(RIdN tiodes cindt [Id+V mpetal-samaicomiuctod field-effect

Hi.gh- nge - enna itch for the
uwﬁgtg{sﬁ@éﬁ?@ﬁp%ngyhgms ﬁ?{{aﬁwr}tcp%gg %&Pn &kplored to a
certdi0 ek @nSlat&@atdn t6UhdettionVRks, paBlicdNon “A 0BRim MO SIBR3Switch

Jul 2003 reported that a high isolation can be
for 900-MHz Wireless Applications”, Huang F.J.et al, IEEE Journal of Solid-State
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 minimijzing 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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achi eved by taking advantage of the high resistive
substrate and underlying oxide ofsilicon-on-insulator

w@ 308p3doerhnol ogy. However, in these respecti VECT/SG2006/000278
publ i cati ons, Iinearity was linmted due to parasitic

: i di od Th
sili CoRPGE ks AR %9&1‘1518% g% o 3@ ggc{nlo %}}éﬁ : rgqggmrq; mé]?hcahons

various tech es are

lineptitye wes ﬂl;mteﬁiaﬁﬁ&b fanssifi € ehtchititoel Sdl Rk &ARGn [UBSA Bhdes.

fl oat techni que. Publication
Thdssv e]gs tgi’}@%q A‘Fﬁ’%ﬁﬁ ¢4 to bievehighenlinehitysi ng LG uned
Substrate Bias for 2.4-GHz and 5.2-GHz Applications”,
an A. Talwal kar et al, |EEE Journal of

Ni ra
[000§) ; (:6@ dednigue c to tlacreh&ml hnB&:ltyN(is the By %ﬁﬁﬁ% Ot*ecl'gdf

|nga

[ t h
p Ubﬁ ag%nl %{eg%%%eeﬁi%g §11§ ﬁ‘léqr;(% %%éﬁ]kigs;; Ibg\l'ggmed B strate

ucti ve=su

Blasaltbrl RdLGH P rang RCHA A it onk?
of the net alﬂpom ngégﬁﬁ%r%&%rg }g?g?flwaikar et al, IEEE

line r| t
JourpgloplyS <¥§@fe Cmm Sfodr 39, NKISHE Tp. \86848705 Ath 260RiRd3Sced 2
this.techni que has the

bOd%haﬁsagﬁ %nt ageasfg kfél?%r?nc&ﬁlb‘gé‘fﬁ SYosiate bigasishpme.ofhefbias
schenmr g@s sin| mdan‘ooradapamto[rQQ@@ tagﬁkﬂor]&]hglq%a@l%qgl Fﬁl{%' of the metal

process,” anot her

oxid ggﬁwp&«i}%tq;&kl%gff@c@ Hensistar (MOSFES) meg @sddei B3R5 ghte at RF.
d. bl |
e S R

Desi gn an
of lagggisilicoBadsa- F| oati ng Techni que to inprove Power
Per f or mance", Yeh M C et al, | EEE Transacti ons on

M crowave Theory and Techni ques”, Vol. 54, No. 1, pp.
[0006]1- 3Qakid@rudd I r LNt rinsi

Wi debandg’ﬂ t he %enégrbitlﬁﬁ ?ﬁgr%@nsgmmﬁs tﬁ‘i‘f)g“efé’cﬂqﬁl Heating
technique,gan pageslizsd weing [adafgé]resﬁ\smr hebiaé gebdiagee bhk As%f;&%% in

f ked
pubht:étgﬁ'la&]bés}’%l Aﬂ SﬂﬁB r% gpg%tgq?\&(ag &\;Jt]}rja_llgxsylltiltl ([)Jrsfng Body-

catl

Floatmﬁ&whmtﬁéeotel waploVESP Sk Reabhiged
TranD' Vi SSI on]\/gffect of St ackedcérbrran& s‘fzeo’r n?f\l%g% |abn IEEE
?}F@EPPR[% J;E’WﬁYigb%?WBi@ﬂeTquE&ﬁanftﬁg Né)( ll;'p;zgp)sgt 1:39, Jan
2006 aldg E urnal .o ol | ate
Gircui {Sgb a2 ﬁi%ﬁﬂo}a W‘de}b q 5@@7 Imearity\pprogement of this
tec hn¥%196$@1@<dwaie1ﬁaﬁ CMOS switch utilizing the
depl eti on-1 ayer - ext ended transi stor (DET), which
possesses high effective substrate resistance and

[0007EnatiiRsher NRciBhicAds Hhové Oﬁ!ne%ﬁf Ghv@les the use of stacked
transistors. Publication “21.5-dBm Power-Handling 5-GHz Transmit/Receive CMOS
Switch Realized by Voltage Division Effect of Stacked Transistor Configuration With
Depletion-Layer-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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the stacked transistor configuration to work in the
CMOS swtch. Although linearity is inproved, insertion

wo ows/0%dokT be degraded and has to be conpensat BCI/bg2006r@00278
DET. [0008] Yet another technique to inprove linearity

i nvol ves integration of on-chiggc i npedance
LCt yepedpenentaansrmationaereorks (KEYs) iintooa switght Beblication “15-GHz

i 1100\ r~kDz Ful | y.l.gt egr MOS Switches, in
rully B RG sl u BB S PRy bR futy
intepviied SIMOS hedtchbd ohidhalvieliren digivpssitedtaedsatHa 5n @ 13- m

in a 0.13- m CMXS foundry process. One_switch
CM@R oty peacesty Qus; syitck ihoaurorgies 0a-dhie L&tV awhilg therpecond

3 . s i . . CoL )
svfgE 2080 oq 1 LESF1N . WMl (PNchE S g
inséfiod Bloss rgput5 ByHz,ebpelt iSvehnd/ . 15TdBnd dapwtdBigs.0espéctively. The
insertion | oss due to use of I I's conpensated by.
dograsdfion iy e tian Ji: £ 98 ChISNa lsfwn%?@%psaragucmg the
. L . . "t . : | .
i8S L 89 BTt i TR UL BRI i
for3nl-t10r6 WiHzhulbaNsidbdand (AW Byappicitems aThe switttawithH&Ns has 5

switch without. The difference | ug to the.lar
B P st hin e st FEORE e it gof 6 Hhe Targer
transMt6106 68 85 tHeO¥RIcHPRIA ITNs Cwhi¥RSHBEGR P 36 RePSi 88N impedance
Tx/ Rx ports and antenna port. In this publication,

path|betvoreghl 1/Reporistapd antannp potely this prklidation,pdthpughineeity is
-] ed. Yet  anpt.her technique to inprove
1 r?’ﬁéej(gr%lr@%m%ﬁ)\?%@\%gg%lcteﬁseael%%d%gf differential
architectures. Publication "A Differential CMOS T/R
Switch for Miultistandard Applijcations”, Zhang Y.P. et .
[0089] | Eefangtherstaehmigiestosampey veclinqasity iy olxes tharisq of differential
> ' ;o VO T/HRS%s , fAU
el RAESS VAR aPp P P RaTe Ak QU TR SLARE, £ Birkbihdara
ApfplidgBionsti, stleangaly (P. GWOB, tIEEEnTtangactions omi Cddceis and Systems-II:

EXPRI PRAR: NOLehE . Sobn s228hr A% GO0 etssrpdB et Preia R
swH@SIn#pr&6@ld £098- &f staidhidec s @Ehﬂdl?%’ssﬁﬁ MR s 8Pslications up

i nprove the linearity performance. exhi bits Tess
t0 ¢ k.

TPhigswitieh slesipn ampleys 2 fully fidferertiigharebiterBue §o hecotmprgdate
[ 0 a d 1-d . .
e 880 el Ty Gttt CRLBRUBY o iffos, e s
perdfstdiahce NodxHilgie 18sstlias2 08 bt bst, teghdr migmr i3-gB isbhiti®n, in a
switch is suitable for differential transceiver . .
60 mp Pht*VeRuaregi £ ArdBmhpawen b L iiwspmpessaion point (1dB) is achieved

without using additional techniques to enhance the linearity. This switch is suitable for

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 désign of CMOS T/R switches for higher frequency operations are explored
only to a limited extent. Most of these switches adopt series-shunt architecture. At
higher frequencies, the loss 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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[0010] Conparing to other RF IC circuits that have

been pushed up to 60-GHz, the current design of CMOS
watmsmedosthes for higher frequency operations BCESG2006/000278

explored only to a limted extent. Mdst of these

sw tches adopt series-shunt_architecture. At higher .
Al aGHRS DRI GracTises SQEO e ERE S HERROneH gy ok of pior art
devigMerely degrades the insertion | oss, while the |ack

of shunt armwi Il result in lowisolation. Therefore,
an objective of the present invention is to provide an

alternative T i i | insertion |oss,
hi gh isol ati ﬁwpﬁwﬁﬁ&& power handl i ng
capabi lity therebyadvant ageously avoi ds or reduces

sonme of the above-nentioned drawbacks of prior art _
[004Hyi cbsonesembedmmenr-off fie inKgAtion, @Nrdngitor|artangement is provided

oL T AP AR B URER: o

cortdutti¥iey tpé,la Bist welluegion BEhsdedid cndudsiityalfe &rmad fWithsh the
conductivity a first well region of a second

type, 8 1 C .
substplg sad iaeednd: Yelb regnhebithgifirst qondpeivityixpe being senarajed from
; t . o2

3SR WPHE S tsBlop, 16 CRERioORUBh Y i YRier o
trax;s;ésgcbmﬁonnamm; br anmifes'emngawmregm_m nitehﬁm trbﬁisébm'mlbllmdﬁg #body

| r fransi stor rne n In the secon we . .
ter%j@f beine ERaR<RIGAcio 1B arend gl Fesaudiich® Secopd ayelt Esgiannayitch
be%lb&&e@t‘é& RGeS al et D€ 4R M sMBInkist#9i on and a second

1]
| region switch being connected to the body
termnal of the first transistor. [0012] hi one

odi ment of t.he jnyention,.a controller be
[00% nne %%e. ?%E%é%’gﬁt P)tlul%he( HVERHOD, aggonioller g@gﬁ%ﬂ fiRgnected fo a
corit@y kedthiriliof €t Saend aRllreLioh RE/itSE GAd Goi®dll the @8EdAA well region
switch to be opened when the first transistor is in

switthetodiq Qpengdewher thedingktransisierds iththe QNetate prgd to be closed when
theHr@HRISERE id i the O"Fh%lte%:. th%tc%gﬁollémﬁ%}lp?éuﬂ 191'{)11? {%u@supglying
age to e ga

an input source supplying a drrve v
a dtiee moltegk to the grete Gaminadin theMaGH-6iTa M@SERE transistor botot the base

base. term nal, i he case,of a BJT transistor. The
termifalin o it b { grnsiger Abpid ¥ VBLESRn aee applied between
gat8 aud §8urt® (or RaS8J WME&d 4 BﬁTEfo &wh e MMOSFET ON

switch the MOSFET ON nust exceed a threshold val ue VT.

muglestgeddnythresboldr vajee Vol Redyeingdhé dtivewaltageith beloau¥e willeause
the MBS FET tQrdy OFFFT

[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 fegion and the second well
region may be a P-type well region for an NMOS transistor. For a PMOS transistor,
the subsirate 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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[0013] In another enbodi ment of the invention, the
substrate may be a P-type substrate, the first well
WO e@sosomny be an N-type well region and the sPCD®SG2006/000278
well region may be a P-type well region for an NMOS
transistor. For a PMXS transistor, the substrate may _
beipg farmed iy jthe seepad ealleregion and the dpgin| terigploinciudingra drain

oP-1 v I ' : d I j
aiffGaofReE L IE AU bl S hRE RS0 B pERechy e
regivh. (The body eaiiing, in¢lhéesf a bedy diffindorstegionf of thieeirst conductivity
i ncludes a source termnal, a gate term nal .and )
tYPErEmE E‘%Wﬁdn’é‘l thenseawef{n Hebntegipmh Hsugoures ferapal afaethe drain
't r . . - R 8 . al_
o L oh RS, SRt SEaflc g a0 (8ol 1Bin
Theveblirce etgiroinala ritle tdnain dlemnimal endi thal badyctendinaly iscluideadiffusion
di ffusi on regi on of the.second conductivity type being
regfo&ﬁlf%‘aﬂq%ﬁnflil%seg%‘l@W@{an'regi on. The body term nal
i ncludes a body diffusion region of the first

conductivity type being formed in the second well
[00tHgi o arbitker smbpdinent phihedhventiont fhe selgoaidrwallbregioneawitch may

i ncl ud i ffusion region.of dj fferent conductivit)
be p Mee BB AT Do a8 itk @it o € B g tor.
Thé Ghilistat mAPGelsbRclR@dont 8ratbiRbf trafdidisle cdhdibtitl ®Mmetal-oxide-

regions formed in the second well region. [0015] In
semigendustor e fipldditiesh ttrapsisione nighaangl; sietaltopidessemvenndyetpr field-

. it v AL ansi The . -
cttiek Sl ) Ol R R B B0 Sh o M LR Rl fBtion
gatd field-¢ffers trafisistonyigulardpatedsipeldr framsistar tgit aupsodimited.
transi stors consisting of netal -oxi desem conduct or
field-effect transistor, n-channel _
[0018)t @l rPXlSGsr SRIFoaRNaY 6F Bl ihl&lidal § aek _\nte'il%éi'ofﬁtt&{ninal may be

p-channel met al - oxi de-semi conductor fiel d-éffect
connectied its ther firsi welt région. Jae dirkti wélliregfidreterminaboginestied fo the first

insul at ed gate. bi ar. transist.or but not so limied., .
well 53R Ay Ftirer CLHBUEN RaHO™ OF IPRASSIICHERORE PP Geine
fordel in RGO wélBfeBonal may be connected to the first

well region. The first well region term nal connected

to the first well region may include a diffusion

gi o vty typ LN d.J
00§72 PFh FholiB eRE6ARAE BEANE ¥ irkdbn, WPRIY Wi BRIl e
couphel ton e tiirsinwelh rpgies itereniaaloidree pissiveycdigponentp heg inolude a

the first I] region termnal. The passive co nent .
corﬂweph éplgggmg E{‘Jrom tge group cons?s?ing oth resPstor, 1nd%ctor rgr)l% 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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conponent sel ected fromthe group consisting of
resistor, inductor and capacitor. Alternatively, a
wo pooso3anet | regi on switch may be coupl ed to t heCT/BGHN6/000278
well region termnal. The first well region switch may
be a transistor. The transistor may be a field- effect
transistor or a bipolar transistor. The transistor
sef.e f f [
(0089, SPHE EAtr GOMAROLP bty MO tepfiahe .aéf%%é%eﬁ‘ may
inchxdhfmsmon&m‘allsrsmrl Iohevirepe ari sooired Ltetnainalf iae pate etbfreinb]l and a drain

il oL A L OF Gl PR PG @oF el pEbe second

tradsisBbtShay 8E an‘aﬁ‘ @ctaegiisﬁﬁ&eﬂgﬂn%e%&ﬂe?r& 2P ie%t éﬁ%ﬁt ffke the
so limted. [0018] In another enbodi nent of

makmwen piasass te¢hmolagyresodution. ar r angenment may have a
singl e-ended architecture or a differenti al
architecture.[0019] In another enbodi nent of the

[OOM]VGHIﬂ 8 etBEditdean oF HeOivertioan ﬁ%@istdima)‘rahgéﬂméfﬂ% Provided
second transistor having a source ternm nal , gate

including saiplewell struetatenthedriple edll strpgtirg including arismb@tra@fof a first
r tr and .t he te term.n oy
cord8ii Fari REF PlRegBRde b PulBolfieig Rpdpudetf i e
subgtigtc and tahwtor@l wall rét@Bof thi Tkt dohﬂﬁ@vﬁtlsr&ywwlﬁy §¢parated from
process technoIVh%}/ resol ution, [0020] In one
L]

thesHpH@ Hinthe dirsty egipEnT o fansistararspenet aherindudas e first
traﬂs?stcﬁr B\‘I‘ngf dnl BGh YA 0&ofla (R:Xféllgﬂ %o\qe:!ﬂd b G stJr'lﬁcludmg a

structure I'n a su strateo
bod}Onednmbl beihy copmpetedaofthe sdcome IvdellrxegnonnThé transgtonathngement

tivit e forned thlnthe ubsirate and.a
ols§ GRS Aokt PERPGPBIPOLRY 17 SORBHIA o 107 YO frpainil o the
ﬁrs@%‘aﬁﬁst%? Paad: afell faiad fé%rnﬁﬁp%&ﬁ&fc?edb% thBerdd well 1 \ﬁbﬁ and a

(?I on. The transistor arrangenent further inclu

sechid passivegnmipsnat beiggreeuplottathe ifinsttvradl rogivorierminall
region and the first transistor including a body
term nal being connected to the second well region.

[ooine L IABed &inbbdialeh 0 eieibedlon) ai tRidksiste Sarfinbeméit is provided
Ssive conponent bei ng connected to, the body term nal

inc n%%ﬂmlff Well shragtures ﬂ)@qﬂpls welk steuctye inclyding i Sebstrgiepfja first
t [ I | QR

oo s S bSr op Eatisl 28 RRaARES, §BY Mifheq within the

substrgiieand taelemthell réH@1 b1 the fostecoadbaiityeype bémg leeparated from
i ny tra i stor angenment i s praovided
iR s T FLLreRisr TaY frameit ke Bt ETeBstjagtpdes a frst

tra1§s‘i§téicfoﬂh8d Ioﬁfdr liﬁ'tHQ s@oRd R RERNndethb i 18t transistor including a

body terminal being connected to the second well region. The transistor arrangement

also includes 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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conductivity type, a first well region of a second

conductivity type formed within the substrate and a
w@e@snsbowrl | region of the first conductivity PPeG2006/000278

bei ng separated fromthe substrate by the first well

region. The transistor arrangenent further includes a

first transistor fornmed on or in the second well

regi on anﬂRiﬁFﬂEgéRIPTmﬁ'GFTHEmW$ body

term nal being connected to the second we regi on.

The transi stor arrangenent also |ncludes a second mell

i o, SWi t I ng connect ody term nal
100p5E" ¢ Fiedie, £ eior SHFFiBbntiorievs o, byt aFangement
inchaimea tiask NIOS Qrankistor iMe tripl& el tR0/rd uflthrﬁfe RIS SteMBinal

conponent being coupled to the first well region
beipg ﬂ)FﬁSPbeY a [swgg] INMIQIS trasisistaniageprilingue es eibodisnanspéthe present
nn%ﬁﬁéous exenpl ary enbodi nents of the present

"HVent i on. However, it should be noted that the

present invention is not limted to the exenplary

enpodi ments_ illustrated in the follow ng figures. BRI EF
[00BEsCRFIsProN b shrrs  pRAMPINESSHPED 2 B Wrio§ ud dranaistooprsangement

t
incFBRS T RAMOS MAnsioflh K Pend ALRLRNAE 8 BRI thaminal being
bias¢d hyca BMOShirddsistdreacbading te raientbodinednd gf ’ﬂie:’:}ﬁ&nﬁlﬂv&tmn
second NMCS transi stor according to an enbodi nent of
the present invention; [0024] Figure |IB shows a

[OOQS]OS STRATE DRGNS ¥ Ichis ‘%Ect%ntafﬁgv%'o? tananﬁFfo?Qﬂ ent including

including an NMOS transistor 1n a triple-we
an NMQStU@nSJSW Inha tripde-wetl streturd wih thediady thinsisddeng ased by a

ﬁrsg %%Sé(%{tra% gﬂgen%%ég%ng%&%% )2?13%' r}tgs1g’c];r atictgzordmg to an
emBédiﬁ&nﬁcﬁQhéﬁfé@ént\fm\%Wn@ﬁ a transistor arrangenent
including an NMOS transistor in a triple-well
structure with the body term nal being biased by a
rst r ) h e nga: bia
o056 1 It SR 1R LGN AL PSR b
mctmhsgemtﬁrs’mNM(ﬁ aransis0af |a Elp@;&alwell Jfrustups\svith the body terminal

.Cr ctional f a tra or arrang nt ..
beifi B B @ seramp MG sprcrars N tGrFHEAL ey iased by @
resfstcfr%@édﬂ&:%&\ﬁé hetBEdiRREY oit 1?15 ?}e@éﬂﬁ 1}?\%:11lﬁgn biased by a :

second N transi stor and t'erm nal being
bi ased by a resistor according to an enbodi ment of the

[Oogf]eseﬂlgulre Vi ts'h%@v’s a cross-sectional view of a transistor arrangement
including an NMOS transistor in a triple-well structure Wlth the body terminal being
biased by a PMOS transistor and the N-well terminal bemg 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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[0027] Figure 3B shows a cross-sectional view of a

transi stor arrangenent including an NMOS transistor in
w@2aosopdogr wel | structure with the body ternm nabCheGHg6/000278

bi ased by a PMOS transistor and the N-well term nal

bei ng_bi ased by a resistor according to an enbodi nent
[00Z3] ¢ hEigyrestht Shows et Gress; sertenad] ViErg af & 4mneiRGhsargngement
. - . . 1 n r . .
incli0RR e RS MAb o Ehile WA FHEHAS Al APAREY Rrinal being
biasetdr by taurasistert ind the Nowsl] teminalabeibg ibiagyedibys e PMPSatransistor

resistor and the N-well term nal being biased by a
accggﬁ%@ Qdimgprtiof G PreseBbiInYFMP ™ 0 an enbodi nment  of

the present invention;[0029] Figure 4B shows a

cross-sectional view of a transistor arrangenent
[003%c| uHiguge aPA NIOS'st & agressssegtional wietw iof| &-tweebistor arrangement

. Sstructure w t he .body term nal ;bei ng bi ase a .

incfigi g N0 WRedier Yo bl Ren REoRtre paB e deg terminal

beilfd/BRséd B aissédd NIIOY irRBitdrnd the Rl i Rfind beinBiased by a
resent 1nvention; [0030] Figure 5A shows a

P \ . A .

third MM Seansistmiccariiag o an gmbe  pbthe prasefgerastion;
including a first NMOS transistor in a triple-well
structure with the body term nal being biased by a

[003HC ONHigyeXSSB I shiosiis S & Ofrogsketibmal Nviegl lof t £ rtrinsigtor b&idigement

. biased by a third NMOS transi stor accaordi n% to an . i
m%@ﬂtﬁdﬂ%%@%ftrapﬁé%%% aipleiwrlesirucsie Witiohe bory depmina heing
biaSHOYP a FirSE mssﬁ%ﬁ&is@d}aa{ndvth%w‘ellateﬁﬁiﬂﬁsﬁélﬁé Biaased by a second

arrangenent 1 nc I'ng an transi stor

PMOS trhmsisted dccertdingad an emhotiment ef thedyesertrinverddonbei ng
bi ased by a first PMOS transistor and the N-well
term nal being biased by a second PMOS transistor

[009%0 or Fig’?:ﬁet@ s FRCRUARTY oPh $di0eRMARE RbridstNhaRt tyPR: single-
&032] -igure 6 shows a schematic of a conventi onal
endedrl/Bswiteharrangepenti ngl eended TVR switch arrangenent ;
[0033] Figure 7 shows a nodel of parasitic
capacitances of a MOS transistor that is used as a

[0033} t CRigtlie!7 shows taraoddl oI parasiici daphdifnest ofaf MO ghmsistor that
) [%34] Fi gqure 8.shows a | ayout sketch of an
is ysgd a3 @Fiteh when thogapsisipsisdt Hie o8 188198 swit ch; [0035]
Fi gure 9A shows a foundry p-cell |ayout of an NMOS
transi stor operating
[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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as a switch; [0036] Figure 9B shows a custom zed

| ayout of an NMOS transistor operating as a switch
wa@ewsnsliomy t o an enbodi nent of the present i nvRCIL/BGIN6/000278

[0037] Figure 9C shows a conparison table of parasitic

capaci tances of an NMOS transistor in cutoff region

based on a p-cell foundry |ayout and a custom zed

02 P hTR L5,0 PRIl s BEBSA o

swfcdhsarthl aml hﬁxﬁswaeldmt smnatdcoordfg & BhRembédimbniwbf theaprbsent
W t hout shunt arnms according to an enbodi nent of the
m"?ﬂt@ﬁlent i nvention; [0039] Figure 11 shows a graph of
si mul at ed Ilnearlty of a T/TRswtch with and w thout
shunt arns, and with different types of body-floatin
[0039] c or Blignge b showe atgraphren sinofated inpardy erfita TAY ewit¢howi

with ety 961 284 oRriar SEoEee Dok, oh AeAY bRk iﬁrf}ﬁfeerﬁéa'gﬁﬁo an
el JF (R eMirk RVMRtiGRCY- | 0ating according to an |

enbodi ment ‘of the present invention; [0041] Figure 13
shows a schematic of a differential T/R switch

rangemnen cord n .enhodi nent .
0o, o FEBFE 12 865551 & s Hho SR RMERG %)3 it BoPliERogh T
swﬁoﬁbwﬁaﬁte@lmﬁﬁfefrﬁfse hd aithl /akd Swith@i glitidg ddeofiting to an

embodi ment of the present invention; [0043] Figure 15
embatbmentpfgheplesert ifeateted i nsertion | oss and isol ation

for differential-node snmall-signals according to an

enbodi nent of the present invention; [0044] Figure 16
[0041]OWSFigugé aphsh'mfwslm ashieraticc ofandiferaal /R cwitwch arsdnigement

in. the ON de of the dlfferentlal T/R switch
accgrding ¢ 3 %dgﬁe%@gghﬁmw L GVeRtL pr esent i nvent i on;

[ 0045] F| gure 17 shows a graph of power handling

capability in terns of P B at different frequencies

[0042]c or Bignge t1d shovwesnd clgd ph@togllaphtdfefabn%@ﬁlﬁfﬁrw&lm switch
TAl LED DEbS(c?IRI PTI %O: THF, NVENTI ON
according to an em ment of the presentinvention,

[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 Pqp 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 wth

WO 2fog0adE to t he acconpanying figures. |n addPe€T/66G2006/000278
t he exenpl aryenbodi nents descri bed bel ow can be

emBBlinkeh @t Bineay RoWt s &han

essence of the |egd\ir$%? %%%?%glﬁ&/]lﬁ)%%@us %%gﬁg\ﬁélﬁjz?ut changing

thegpapnee eftbe ineationsi ew of a transi stor arrangenent or a
TVR switch arrangenent including a first NMOS

transistor in a triple-well structure with the body

[004Ar M BFRE. DRisREvP) %ﬁﬁg-spéﬁoﬁa et MM {Jr%%h%érﬁént ﬁ)r' a T/R

according to an enbodi ment of the present 1 nv
switqhearggngaapatt iseludingam @mwoﬂ)@anSMrudestrqﬂé-Wem Sruokird with

C 2.an i,rst t.r stor, 104 forned
ﬂwiﬁn dé’r E‘?lf{rr%%‘aa%gle%%g“% |bY1665‘?§Pn@ H@%ﬁ (a@sigier | according to an

emisddimehilyfahd f e ehfibl] Ehe¥edd ’ lugﬁl%
he P-type p\/\%ﬁn 106, 1an Nty GszlsﬁlalHﬁltl ?{60 &ég%stnple

Weli a%%thsa@z P16 2 frpaNMQS genwm 100 rmed on kne nt\la)Pplg'pWell 106

of PR SOhSeaLAfk 1B iR Gl YRR e B Hemrn
106t e NRtytpg [veells108s4rided B-t330 subkhatePrrioy P8e ?lﬁt%é wlie10k 2Hd the N-

P-t | f
tyog SEHICTIR, ey lordir inside EatsPEOSSONIE 0 Gmd BN 2epe well 108
t

isolMETHRTP. b vt fopfortihe p % Sbab 10, IR -Bipksbb g 10 s
Wplﬂﬁlth-aypeaaﬂewoag ﬁ)rdmpmnp@ lewirgentdsitivioyranke bf e¥EFNI0&hn-Bm to
abo S5 %{]}gc ih tI,g IxIIOég at ons_per cubic centineter

‘t‘ 2560F B 19 161Y8E oFRll Oé%WEHé@ﬁtai et welindepth of, for
examipley R@oweD | mﬁol% %OUNMIHII a&oﬁﬁé d:ogge%ratlon for

for exanple, about 4 mnto a out
exaplee %ﬁheatamsﬁ oﬁabomtel*h{bnammermubwoammenmtopmout 5x101°

aton?%ﬁér%uﬁ{% tglr Tthorya he W?lqu‘{% 9}‘& e@%%%{l@%ﬁg*%%@epg},of
for drtaenpe, et 4l\§er|n|to 1Bt Fhe aeplﬁg chit@nhhiidPs mg% ltrohD Boout
« pe formati the el ements in .the triple

410y afieps per g F@lﬂa&et%ﬂq @mlt 1 x40 Rlatwmﬂepmublcle@tuneter The

mpl\l?ﬁ?élﬁﬁuchﬁe 499%s fdred il B tyf‘é”d%f]t P6nb§ %g‘? g é éﬁ ?Q)-type

a typical dose of
wellcH)$: iThe feymation alb thet el&mExxtﬂi@ﬂ.ﬁleam@ImNﬂ@ Btredtuh@! |2 is as follows.

An FERRE A0 REpGRE I EFRe. 108 Sk atpplanehspnsplinin, (P aly vt o
typidul @losé SIBESALILY BtobisCRer A& LBRAYMLIP 11§ %bi)ﬁ(t P%igtg%%sto%% Jper

to about 12 hours at” about 1125 C to about
squagg egnbianafr and poergies frameabout 160Kev to about 100Kev. The N-type well

108 implant is driven using a high temperature step which 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 2.5%1013 atoms per
square centimeter with energies of about 30Kev to about 180Kev using a species such
as boron (By;). 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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counterdoped with a P-type well 106 inplant. Typi cal

dosages for the P-type well 106 inplant coul d be about
wa2@sasows per square centineter to about 2.5 BCWRGEB06/000278

atons per square centinmeter with energies of about

30Kev to about 180Kev using a species such as boron

(B11) . The N-type well 108 and P-type well 106 are

en ' ; [ § t .

1004877 pBiq HEA LR, SRk SlortioR bafilPil gl dedamyl iy & »
type depeadiffusioP-reyioa 1136 aasahrde terpend OBlovbeVisg tam NHiype source

.desired dopj 3 t ' d t hs..[ Q048] The.
iR PR RO rBral g0 FAgnEde a BRs Siyh i oneeins 122
and @ ghidOteAnfAkY 9%4.*3?1%@%6‘ B&dyPBi RO gl 114 tBOW-6Pe source

termnal 116 having an N-type source diffusion region
diffagien regicr 11 andiheiNtipe dedn Beffising region 123 pee @l &irmed in the P-

di ffusi.on.reqgion 122 and a t.er,m nal, 124. The
tpdiyeih d0§0ahE drPiser arPen o 19P, SR Repdse e shiiig, Nmos
trafdistdru2eamice akt9 as 4 bRitamand Reobhddt@btodhaibbdteiittl P12 of the

region 122 are all forned in the Pt&ge well 106. The

first B gravsistor Id gerasrie bissothe dirsthIMON dtapgiger 404 seddnidat the

NVOS tr ) S 2 eh. ac . SW '
bodyairpE T4 3 e, S Y ADS flefor o sy MR, ARG i e firt
NMOSUnghsiEter 1004s §0thaON Gtdié.aBhe balyf tefdinalNIAL of lenfiiss NNIOS

104 such that the body termnal 112 of the first NMOS

transisigrshOdtip not Baating wheshihe dgstoNMPHarsistpe194 isdp thePET state.
I St L Seid t i
By hrBfRg i B op Y Sbayelud ! FREhuR MENMIOS cdiitol PR the ON
statetnezry firttherf insbdvaNkBBolatian pefommant® 41 ile transistoe a@Ekgement. The
secnd SRR iR 406 FgFide s PpoY il (o) SPup, yree ermina
128, W BRET tdrREAVIS0t 1 & $RletchRMaP 883 OTHEESN ArmdilA 130 of the
transi stor arrangenment. The second NMOS transi stor 126

secomENDI@S traniotay 12@isronadctadriotthe besiynerminab bl ofthe first NMOS
el S0 L o S S B R B 0% BECBB8, ARl e

corinb&B® it6 t @budd 6T Surdoheaetsd NMOBerdaiyort 260Nyl a YdRage is
of the first NMOS transistor_ 104 and the iogrc%
applied 19 theigateoigramal 12 ofdhesrgond YOS Arsapistop 120 syshjthat the gate-

sou‘f(%qoﬁlfagggrs ta%ggé %‘ﬂ?s\g@]dt Widgt R 158 Qﬁﬂ%s%e second NMOS

trans tage~Is applied to the gate
trafiséstori k26| will3e QFF ifithe gae-coutcdNiBigerduops sdlow thicxBreshadtl voltage

ot e PG5 Mok 05 BN MGt 09 v

134 connected to the N-type well 108. The N-well terminal 134 includes an N-type

ury

diffusion region 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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transistor 126 will be OFF if the gate-source voltage

drops below the threshold voltage of the transistor.
wab@sos@msi st or arrangenent 100 further i ncl udeGT/862006/000278

N-wel |l term nal 134 connected to the N-type well 108.

h I 1 term.nal. 134 includes an _N-type diffusion
Feahgs QP SRR ITh TEHEEL o e LGNl 2B dseribed agaim here.

NebértHfdss! S4ma feBGRIFE Blond Q81! &0 ildilcmd %gn@oﬁérﬁé!b%é oS
term nal 138 connected to the P-type substrate 110.

trangigorpbiZoinchugiee attmdyi tamninal3@ot siw)es saufettgpmrinal 144, a drain

f j j 14 d.,n the.P-type b e
el 950,90 00 1] TR a5 RSO B! Bansistor
142 fsanaheoted tothe bads eriathabi B 8£the WNMIORMeRRst k4S8 the source

FIG |IB shows a cross-sectional view of a transistor

terginak M oiethe PMIOP teanpigton M Niwmennedciersiost pewénsugply Vop. To turn

' L ' th i.nal _bein
the St Yol kel S 3Bl 5 B eumBuliP g e
PMSIS trivesigosrebinduch nvgtnhé gate-be@be eBagd! ik dolbyy HRSEFsIRA voltage
wth respect to FIG ITA w |l not be described again
of H’Qr%@nSNEVelT%ﬁ dIMQS  transistor Rewidhbe QFEy Ak theegate-sewce voltage

mcgeq;egtgbg\ag theﬂﬂgﬁ{b?@ng@taéglggnﬁfé@ﬁg{&nsi stor 142 incl udes

bo term na source termnal 144, a
drain termnal 146 and a gate term nal 148. The draldn
rm 146 of the PMOS transistor 142 is connecte )
003" | h@la‘]&oéﬁh‘?“é% ACHRSS-Sqofonak ViewiN e sitamar aggmentpimcluding

B o, o ekt ic R P i gk By o
first regigtor end thelovediterminabbeing biasel ppbécedd resistreacgatdéng to an

. [0 f .the P [ h.that the .
R R T
well bigudtiren92 sirettes thivembdoddsphdy He didde W50 betiRetitle P-hype

gat e-source vol tage increases above the threshold

h
| Weli I abtheiNtype welhAe3 andyihe digissidp teprwsenpths Abispeavell 108 and

- i | i . i n . g
the P3PS SRRk 110 THe U enink! AN AHENVDEIRIERER 104 is biased
by siargetegistor disd ihdrbley thedpdy eermindl11D diebgmbd REeTbatiyg.8When the

fi . iSt the N-wel | t. i nal. being bi ased by
body Etipilazet e MO Sriohg 108 8 ceira e isiEe RS, the
trarRie6 Poltagt BY & P-HNhe WEE164 ﬁsa%ﬂﬁﬁﬁ @Bo@ﬁa@bsetdt %irégal%age.

in the triple well structure 102 creat .
Thigpeayests thasmirge-bill diodsot56180 dreinvisdk didie 158t frpm heirlg turned

on ﬁgﬂggg%gﬁ V\%d]t éﬁ%%g\{)ﬁ nl mo:kf%sthgq%egxllnt% ;‘)jel o(ii‘gna%lgezop ﬁutemtl?a?ngistor

arrangement. However, the diode 150 between the P-type well 106 and the N-type

well 108 becomes 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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the P-type substrate 110. The body term nal 112 of the
NMOS transistor 104 is biased by a large resistor 154

W0 b@sekip4t he body term nal 112 becones RF fl oalPCT§G2006/000278
When the body terminal 112 of the NMOS transistor 104
is floated by a large resistor 154, the transient

P-typg) fohgiate 10 mell mot hpBurped pn eoé linsariiy parfpajance of the transistor
¥ alaTad i ignal voltage. This prevents the
arrs%ur C%{@%HE’QB. 08%9%2 and drain-bul k diode 158 from

being turned on by | arge signals and thereby inprove

1003717 o B el o 605 Sechand]vitr of 56 e at Gk dreeRwept ingppding
a fike NM@@QI‘@@QtO&' 'i‘ﬁftr{fﬂ& mﬁ t@ﬁ{ﬂololg%&vfﬁ? %‘B‘bﬁ?l{%lﬁﬁl%ﬁﬁgdbmsed

and can be turned on e wel
by wteconyb NMOS c@artsmprt zmdnth@nN Hmlb é«mmnal l’tEll‘@:bfabﬂhbly reg resistor
state, of t h

scoplaig o e ol 1R ey BlmtBprifRe g Spdfir o HE. 14

excOOthad 8 Niv@Uichflay 134 2a®BRES BiRed BS RGN0 1188 dsNGown in
[Tmtation, a double-well body-floating technique is

FIG.3AoBinsing thsehaslybistninehd12.of ythe finetl NMI@S transistohd 04 with a

ol GO Lo, P GRUTECHpY FE 85 13 e

NM@$ ltrah6istoarid4t ﬁeON{\ﬁhérebyE rifipAéihind 3e @doldtlm PerforRfin¥elvhile
108 floated, the diode 150 between the P-type well 106

biagipg thenl-ell {rramak 134 Yok arrgistorel 69 mee halp 2o igweisesys thebody-
flod¥n e it W d L\%Oc? ROk %86 pl?éehftﬂé $. %7ng wi 106”8&1 & N-type

on an inearity pertormance the transis
welal 0 aybiine diodei 152 baiwtech¢halNgypeledll 1D8 aad P-tjp<Gubsifats I.’lmWs
a cross-sectional view of a transistor arrangenent
including a first NMOS transistor in triple-well

[00329ChNREQMBB WdWt 4 88sPM ok rv‘f@v@ 8fa Iﬂﬁhﬁﬁopiﬁaﬁn%gmleﬂt #fcluding

second NMOS transistor and the N-well term nal being
an NVEde tragyster indgstripteowelhstrwntatiergth thedody m;rmnaibnmgdﬁastea by a

PMESEBEyor St Novel e bng e oy el ey o

emhbdilﬁsmsbf)l’chél@ﬁasaﬂ Bivemtion. NFFe. G3B31% s@@sltagmmeshoelmh the
termnal 112 of the first NMOS transistor 104 with a

differepgneprdanes the AAdY eramal 382 ehtis MY Bobigasisierat (4nig biased by a
PMgS%TS{SRﬁ 198 LYot AR ahy Wb’srtﬁaﬁmrslw transistor 104 is

thereby inproving the isolation perfornmnce while
b| asi ng the NNwell termnal 134 with a resistor 160

y 0 overcone th floatin Ilmtatlon due
0033 1148 torts BlRsdionn ey b paalster AR esmgnt metuding
a fifdt NINA©S 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. 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 transistor 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

13



10

15

20

25

30

well 108 and the di ode 152 between the N-type well 108
and P-type substrate 110. [0052] FIG 3B shows a
wee@s®3®erti onal view of a transi stor arrangeneeir/SG2006/000278
including an NMOS transistor in a triple-well
diffetenve sudtethat e NhgelDReidaeh 8% Bali e ' d_by.
b PI\/DSF&r ansi stor_ and the N-\%gzl‘lr@%lg?% ﬁgﬁb%l\zilﬁ)ﬁgu#gg%dlﬂ as
shopyn 13 KIGxs dBrigsteadofindNMES: tranaisteznbodi ment  of t he
present invention." FIG 3B is simlar to FIG 3A with
the di fference such that the body termnal 112 of the

[00391/0S F¥GUFA shaws d Orbss-Seclbis SfkvP E,jl}&é 5@43%1 ndid4;
& @i@ag of an NI\/DS,tSrar?sistor. F%%ES F?IEE e%%Igt\r/\llsngiggmg
a “@P 28 dEATRISIOA N giteplearelbstructms ivgthothe oz terativa theing biased
by d seebsdli j tgapnsi stor in.a triple-well
try st t;) uct %.O%iéaﬁgtﬁf% gogye I@?em %EPHBL?%% iﬁﬂaﬁ By gyhigd NMOS
anpigior geenrdiagdo eh enfodistdnt be fie beiveatd. 33€d sRYisimi
FI gonc{gglér\/[?ffransi st or accordt?ngntq anldgianggjgegﬁltszég?ﬂaﬂo
c{:ﬁe BH3EH TSR s DrihatrthesN-wall ferminalilBdris biasdd 16 aNMOS
tran€ixteL 62 tikgtktad B -m 134.,has be ased b
a NVOS tr ansi stggrl\l- e%i%%}'a%ﬁgélﬁ%v\qﬁé Pﬁ%ﬂlgenﬁlﬂafﬂ%‘?bé{ S
trangigier 463 rinstpgh oA p 1biGor 4Bowh ake flexidlRg TrSREIBABIne AN the
lL,stor arrapgenent includi ng an NMOS
NM??&%%’%%?‘%?"W?@& CP’PJ?%FG&’“ bodytermingle with t he body
term nal being biased by a resistor and the N-well
erm'ﬁnal bei ng biased by a PMOS transi stor according
0050k, afIenfBahawne corsstshaiopalesentofiansision arrafdhert Bl iling
ok! : . i,th thedifference such that the
o0 NVOR sl Bl il W Ry eiE i e oshvmaimalaiag bissetdy o

N-well term nal

 first MOSomansistor bl H8 N-RellerenBhl 3BindMSsdd @g,s% 3tna pmos

LG . 5A shows a cross-sectional vie

. 0055] F
trans%s? rCERdERg tor ergRediment ofcdhe arasentdntantion. RMOSSB is similar to
FIG! 5 RR#tBHRI dif Rl B uct Ur e wi th t ody .

e S8 PR bodt A B b S

term na
104 andsheNugell teranmil 13# ateeiesgetivals bihs@ybAPMOS B s 142, 164

inst mﬁg according to an embodi ment of the present
s e%@wen [ o%&aﬁléomSA is simlar to FIG 3A with the
di fference such that the N-well termnal 134 is biased

oosﬁy MI\/DS transistor 162 instead of a resistor.
[00574; 5 @ FlROVIE daghemetie of nabnvedtiony] sariedBIRSt typRN%E4-Sfided

T/R s¥Aehi#25hs f ' r.allows the flexibility of
synchron ’%?%13‘ %ﬁ? ﬁﬁ?%‘%&%@‘g?rgﬂgi]‘gg%CIRﬂlﬁséwois§neS 168 and
two shninEed gengistotsh@hb eetiesttemiisoad 168, M1 and M2, perform the main

switching functions for the transmit (TX) and 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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[0056] FIG 5B shows a cross-sectional view of a

transi stor arrangenent including an NMOS transistor in
w@2aosopdogr wel | structure with the body ternm nabCheGHg6/000278

bi ased by a first PMOS transi stor and the N-well

term nal being biased by a second PMOS transistor

coniesisr 4o ABe el Gl 8B GinsFesistonRar andl the drim terminad iy fesmected to

o Sy SR B B0 e Binb kR e pie il o
theatnghsisher M2vie |donhetet mabnelerﬂd af enothapgxd ibvmsl 13es1bﬁoa§&;a ahy the

PMOS transistors, 14 164 ead, of . NMOS transi stors
draity fpErpna o somp i B L angt to-fhe Graje ferpepaof transistor

M43 eFHe ’céﬂ:ﬁﬂlnai ¥P E‘raﬁélﬁgf Mﬁﬁ%ﬁn&‘t@ RbAL P %ﬁg %EH%%Slstor

R switch arrangenent 166 Includes two series
Rcaan:ﬂ thewsowhe fermiiad ist coansdted tor grouﬂﬁh d'hs gniedsrminalnsh tsaneust;)r M4

. 168 and , performth chln functions
s gt ik 1 o e Gl e it (b SOt it hnected
to gﬂﬂﬁ& Tl*i@@tﬁbﬁ&ﬂ'& 8f & ofMBe @&%e&t’ﬁre g HhRBTEsIdOR Ry, Rey, Ras,
I'solation of the switch. The shunt transistors G]‘O f\/B
Raairdcaumected to a pewedsuprlynida gatecbizsarchistors mapseyede Smpege de-
bi Ig/lsz o(l) M2 are turned OFF respectively, so that the
FAEE Ped si gnal in each node can be grounded by the
shunt transistors 170. A shunt transistor may inprove
i solation but as a tradeoff, degradation on the

[0058k er #lGn7 1sbews panasieh of p@rasmvmmaﬁltwys & VIO St traggistas dhat is

us QRSP Vi FRROEE LARGED: N i BE cabifly WS whéE the
trahgistos isstuared OFRE) amﬂetheﬁe hodycdrﬁlunmmﬁbet(vreem dsdinvanyl, so&rce The
F%hurcetermnal éjraln ermnal and a gate termn

EESSHIFE dotvEseR % the, sQTEFS i Ve Targe @B ﬁlé’é‘P y not
coﬁs‘i’detréhe T%%?a'ﬂtict c%[oa&mesa&q feSattsr 1ﬁé 3ighat & gbﬁ@a aﬁH lead to

the transistor M3, he gat e term nal isconnected
lnssrt@neln@ defgraglatjon. e%ﬂmscfxawlstf ¢ire KOS amlsmthmsonqilfanned gate-

rmnal is nected o _an_antenn NT), and, to t
solsGt Phiyaniel Gl M5 e M RSP Gl Wi uf B oVifep and
frifg@hftapatit@led he transistor M is connected to one end
of another gate bias resistor R 2 and the drain
termnal is connefietC s MheCoecéiver (RX) and to the
drain termnal of transistor MA. The gate term nal of
transi stor MB is connected to one end of gate bias

wHefSE, Std@ﬁot%e VNI GsRAK EBwi Sl Fhdla dodr&piagct ed to
grofffd. The gate termnal of transistor M4 is

C _Casvess!tRElgite canritensd ok uiehRapi as resistor R 4 and the
§ource termnal is connected

W is the width of transistor.

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

transistor in saturation or triode region. The values of source-bulk capacitance (C )
and drain-bulk capacitance (C db) may also be small when the channel is not present.
The values of C and C depend on the area of source and drain, respectively. For a
stand-alone MOS transistor, drain-source capacitance (Cg;) 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 C g can
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to ground. The other end of each of the respective

gate bias resistors R1, R& RG3 RA is connected to a
w@onen3®@wppl y. The gate bias resistors may serRET/862006/000278

i nprove dchias isolation. [0058] FIG 7 shows a node

rasitic capacitanc of MOS transjstor that is
not e AAGRY, Thiy, GRK olRAE bY cofhar Qowploheon . hesdigiizeg A0S
tramfstgubt hreshol d regi on where the transistor is turned

OFF, and there is no conduction between drain and
source. The OFF resi stance between the drain and the

[ ] v..nat ' d. Th
(005" SPIGS M 4 PR RO 0ol 8 B R sirton ysed as o
sw1g1hcmmtdﬁ1g:to lag @¢hboGiniens 6F ﬂie@i*edeﬁﬁﬁvéiﬁ%a@‘ﬁé h@fbl chihebfibhns of
of the MOS transistor is not forned

chan
the &5%1%53 &ridd the saure At are iograrallgh and aest wr edch other When these
I
e ARRE LRSS 0 oLl el WD) b D RBL b e, i s
of hh|ght eapecitpeThe effeginbeconiied  &owe GRdrificnh W&K))%hé‘j%ﬁ&%e@own of
tec g)#gat e &apam t&nce per unit area, Ws the wi dth of
Hap slpugesdeserydraim 7 ipe suycerb4 deqpeases with
smadleRERaniBigBhgRMPared to that of a MOS transistor in
saturation or triode region. The values of source-bulk

capaci t ance (C) and drai n- bul k capacitance (C ) nay
resent. The

| el t
(006} 0 8K SRt e limh i serll Browtd ah MU Femisterconrating as
a swite ﬁccdi‘ﬁﬁ@&@tng@huodlﬁgﬁt 8f %@Bféséﬂt%%d‘@ﬁ ‘F‘ié”%insglgdm a

dr ai n- source capacitance (C s be very smal
custpgizegy }?HPFtyoflétl MM thensistor Hpmvleg aswh fswﬂbhl accordmg to an

o3P BB R e SRR g

dunsmmsew a8t msL € G173 af) Fingbe =+ snpmeeairammlﬁce%@taﬁ& of the
Xpl |lned by a |a out sketch of an interdigitized MOS
C“StP?’g%? 8YQt 0 O frapsigo isAppraximatpbid tigies tlodt ofttheapr-cell

layolft PYCELi 9Ctdhaed n&%‘%ﬁgﬁeﬁ | 3b18"0 a?gsﬂ"flé nat%Wanc%% of :ag NMOS

according to a ment  of t e pres

transipfer ik catoficrogion dtasahen af fotthdrydr-eélhladgdt anbla th@omoied dgyout
nd next. to each other. Wen these

are [ o tall el
acco}gl?igl Qap ¢ l?o grgtoé‘otﬁggregegt\weq{lont h’gl}e acquiale Vpluey pfrihese
parablaﬁ:eéa@iacﬂf@kad cERARC bktPdotedMBorh PJoit layout simulations. When the

transistor is OFF, the customized layout provides better isolation.

The overall drain-source coupling capacitance can be written as
Corr=Cast (Cgy Cgyf CotCoy) 2)

It is shown that Corr 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 COFF leads to smaller loss, which poses

positive effect on the overall insertion loss.
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of high capacity. The effect beconmes nore significant

with the scal e down of technol ogies, as the netal
waelr®Baswe’ bet ween drain 172 and source 174 decPEEHS€X06/000278

with smaller channel Iength. [0060] FIG 9A shows a

foundry p-cell |ayout of an NMOS transi stor operating

as a swtch according to an enbodi nent of the present

[005ﬂvenfn' @R cofl Gitiol B SRQWShft t i%—%ﬂdédawwgwﬁ)éh %Pan ement

transistor operating a according
as ﬁwlmcinrﬂ@ 6o fthet timnptlessastd)rsmm\shmm aom. hadrto Ijslh:Mde sufficient large

oG R it %@SEIE%'O' RN S0 G B By PAL 0By Severe
degtri'tfét@ﬁ' SAPHl%neﬁiedlﬁM&% thd céﬂ&@ltl%uﬁlﬁ@"t?ﬂf&i ‘%cdrﬁes s&%mﬁcant

ppr oxi mat e times that of the p-cell 1ayout
lea«ygg écnmbu@t Rﬁﬁnp’aﬂll lewar mﬂmcofanpiahm]mgh@ lowp@ct |theasmt1me
the aeSS%c yo’\@ﬁgg{ ziiar%fs Ig%gc{ él?]nedlgo%%ajép %332 'r?le unintentional

tur@ OND bl tHROsHudt BAnREOOHicEREYs 164s §1ElﬁﬁB£IﬂE)e Mhué, WIRAL the Bsolation
The accurate values of these parasitic capaC| t ances

canc he pantainadapithd cw@ngbslayquﬁw@ategm ﬁhﬂ sk nym bn@qmes not

ransi st of i
ne‘%&?{% a%lﬂs Ocﬁélt F’% n§englg;‘£dovoe rlg%#]&; r al n ?Jr?§ %05 amea“ty
perﬁﬁmametsaFI:G ¢arshbes \ar griptesf ﬁmlﬁtél:ﬁls@ﬁrbn( Iogs amﬁs@litl))n of a
is shown that COFF is reduced significantly

T/Ff ?Wffwﬂh gnd Wishoyt paut; axmg Aeepriingdotan emltpdiment gighe present
0
invEnO The SEbel @R boraitod Honfbosibole BAUANRE, P& 4E Switch with
shuht amsd, shosizes df saridSHFansistord et e trankisord AieSW = 108pum/L =
transistor is used as the shunt transistor, the

0.13ypiorfangern pd W3 e/ LsTidh e/ Sserswraspertiyslyedior the switch

ff | | |
iR SHE affye L 28 OE Sr P ar ittt oV of SRR dol oppy's-
fingetd, treddedtivedy gﬂf@ﬁfyoﬁselﬁﬂl@ymstéﬂﬂafd ffcefls ahdeheSBidfimized layout

transi stors _or shunt armhas to provide sufficient

as ghapgdn iFlfe ABris empinyied In thessimylations.df-sigad is hiased at 0.5-V and
the éﬁ%ﬁﬁﬁéﬂa%% L@rﬁ 1 Iﬂ gge% AL BHFP 9111(? 6- § r%%e%ﬁ%ggelt is shown that the

frequenci es,
custommipéd svgitekf lfaymlt dohmwm‘sdB ibgnierfisalatién whed d(bxﬁgarb@ wilth standard
at h th lo edance and,t hus hlqher | 0ss.

h
ffal%ts %H@y@ﬁn@ fHg resy e‘S |8 cwithgut shiynd arnsm hug, the dasertion
los$ BiR1 ROV RARIL#E Qué 3P IRInk 'tlaksis®rd 418 HRkE. S5UHeRARE from the

absence of shunt arms, significant improvement of insertion 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 Pl 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 P1ap, which is used to measure the linearity. There may also be other manners
17



10

15

20

25

30

turn ON of the shunt transistor increases |oss

significantly. Thus, when the isolation can be
woraiospzioned Wit h custom zed | ayout strategy, tPEr/SG2006/000278

arm becones not necessary and can be renoved to

I nprove the_.jnsertion | oss and |inearity performances.
of Eﬁr%““fé rary ﬁrt@h.SWftc%i Hhe singdeteh digeatyrpar B mager with
diffefedt a#itet ciifigratioRs 39Vt ?@Gf%z}ﬁ n@ s Echséb%%guﬁl FHiiBRs are

accordi ng to an enbodi nent the present 1 nven
nampl, $vatoll wish shnt ebmaindeslithouw ipogpsloating eutitch iwithoatt ishins . arm

= Lt ch with . shunt ,__the.si. |
R AN & B A R M
swifthl #1Hé1- Shufg efn§ aa8 Cwih ToRbIEEHEIL- foalnel SNMRichised fe[]ar;ﬁer, the

respectively. For the switch w thout Shunt arm
presgnse of ghun eing sleereagesithe dneariy,eonly 4 54dIBnmi, |5 s obtained for a
.0 13831 g fingers, respectively. The |ayout enpl oys
switGhaWHA sHuns_ areis) andaHdBeisceliigad ferdthat ythout shusih gwns.i Both

B j ' 2 _SHAN! abi t ignal .is
oo g DRBUCEL B 00 0050 Lo 18Rl
kQathe F3;V/isointhréved, tor2sdmat Dyahatic intprovenshwp 1ih&iity i$6bserved

custom zed switch [ ayout achieves 2-dB better

wheénslsedand rs-kideresicOFRa U 1 filfthet ABsathE debRNavellOWith resistor
I at#;ut, and this result is obtained without shunt
bodyriigating Hgx botn&-welk and | dsep| Berella?d-dBrol Bi jzois obtaviedf These

]{que .Shunt transi stors are relaxed, Benefiting from
resy ﬁeﬁ"é’g’é_ ethe dnfbensh of gunctie, diades oinf the dimearitrinesiosmanee aid the
effiLiBR} diddibleAPal Byl equenci es can be obser ved.

Thelinearity performanCe is al so i nproved w t hout

shunt arns. At 10-GHz, 19-dBm P b is obtained for the

it it hout .shunt arns, ile only 15- dBmP 1 is

10063 & Thferge: 18 Wb B il tritln et oqBRFtien dgss and
isoldtlors PerGmanessaRipRially! WHERGCH LdSiad Wil

e Do AnGo RipdRlally PHup ief LorBiRed aPindpiBred gustom

layquj; selieres. o by svitelntrangstae dut ds tigned oan thenpaasitie wapafitances
’ ept J.nvent| ) can.be seen fromFI G .11,
rogdie Moy o0 ol e Wil o dRnd P ReRE: GF Sherd@iiets g, tich e now
' ' L [ (P A cann .
sk, 14 bk B e (ARl SIS o8P Ao
which tspin thy ON siBte it lebimimgpert. RIGWAR shewn atgesbhast Smli{dt&binsertion

oot TSR AT G IR Pl

floatiig bedordihB €0 Sh RHLBERGed I0TIRY | 0B ' -
Oagjii%f er enltgsvvi tch configurati gltr%erﬁgﬁée?ﬁ%meg—tlze%gr@h%wme well

bodyiffoplingistussdiz tig conprrisan; dothosizouits sse the proposed custom layout
and have no shunt transistors. It is clear that the insertion loss is improved with body-

floating technique.

[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,
Rgs and an inverter 178. Transistors M1, M2, M3, and M4 perform the main switching
function. A high control voltage V.4 turns M1 and M3 on, which enables the
differential path between the antenna (ANT) and receiver (RX). Similarly, the
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nanmely, switch with shunt arm and w t hout

body-floating, switch wi thout shunt arm and w t hout
whoag/o8doant i ng, switch without shunt arm and wWe€TISG2006/000278

P-wel |l floati ng only and switch without shunt arm and

sty L O B ST bt s
volm@e dBided Sthmhghi ithe ﬁbsf)éﬁhv@ 1B¥iktbENRW, tlt‘gz,s RUNt R AT fHSréﬂﬁge the

gs‘fﬂmls obtai ned for that w thout shunt arns.
cffgchsiier & feBaciiva cavrlienrionadt thogate fofothe OFF Wanhstars The

dlﬂ%régrﬁgﬂv f ey re%%lﬁglg rfd]}lglﬁﬁg‘ (%it }g(gwé%f hax\l{}gﬁé ﬁ%phag)fhty ICﬂBﬂgﬂ‘l{l% with

smglg—eud@ia rcvﬂﬂgummnsa FS(!&II otihe Wmﬁu 8f Gfiew,Sa Uiffereh®@al output
h equgﬂoatlthed N-wel | . Wth resistor
sc. 8188 1'% 1?’%’& G g ?ﬁmélev@drsd SRputipewer, thats| B-dBAdghBiiam
Rl bheB t Ity t n nc
ot ’f}% Rl B GRCPOnRET SRRtk BYME st 18, bEveh §Riing
Capﬁbibt}elfsﬁh@:b@ﬂ@l}echfof AOIOS &/Reskitchexgl diffdremial ﬁk@hltédﬁﬁ@ﬁ of great

savifaly ﬁi%?%ﬁlf@&tegﬁ@%gf%%s%%'@* FOPPRRECYh singie-ended
arclfeRed,athk YdifBRAt Al ndt&re‘éﬁéﬂiﬁ tlﬁ&ﬂﬁé REGBOS ct, maes it

. cust om | ayout schene tch transistor
IMmyfen &l ROVert $wphavaditiang mabawbstam: amisee etk foug, tﬁiﬂyrentlal

ff h, I
A0 Sl e P B eaSGAL) BhokGti

Exp]m@ﬂﬁ&tés@h&ifﬁnﬁgﬁtﬁodiﬂ%ﬁmﬁﬂe’ﬁm EWitcIRist és@élﬁfa? E‘d}r ansceiver
hisinthe ONstate is elin nated ows

front- 655% Ptofully; drifesngial Pﬁ@hlé@qwr@nm @sfsﬁaaidclrm amlyo fowfsvsatch
t nd with.and wt .

trang%idgﬁ Wg at lg %dg?g% g?&r%@ SRt I ocP TRROFFd g‘fg?fﬁ%mg &Zéesﬁi‘fmh

arrangeraentti 17|6 is Nabalyt éranl thothiat &r viaple-dadey stitelabs BEowS iV Fed. 6

wi Ee corrparl son; both circuits use the proposed
ﬂ’c%’é’ln ayout and have no shunt transistors. It is

clear that the insertion loss is inproved with
bodyfl oati ng technique. [0064] FIG 13 shows a
schematic of a diff dixpetimghtallREudtai t ch ar r angement
according to an enbodi ment of the present invention.
The differential T/R switch arrangenent 176 incl udes

[0065} andlihet efficiddcy O thdVBnadgedVMneth& 40 lchedREH aﬂﬂG%ro by
inverter 178. Transistors M, M, ;2!

d a
eXp%p@gQrﬁeﬂﬁ@ ofgle fabtiratedIG) ghip. The final differential T/R sw1tch circuit
was fabricated in a 1.2-V two-poly eight-metal 0.13-pm triple-well CMOS

technology. The cut off frequency J7 of NMOS transistor is over 90-GHz. FIG. 14

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 Cascade 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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function. A high control voltage Vctrl turns M and M
on, which enables the differential path between the
w@niogns@41 ANT) and receiver (RX). Simlarly, PCT/SG2006/000278
thedifferential transmt path is turned on when the
ntrol..vol tag s.low The control voltage is biased

Slgla FegHinge %@Bhe?mwgt pllp present ipveptiopcSsunging thatther igput
f

ot O, 0 4B ol R0 ST TS, BRI o e

1113‘?1’391@1? s (when s\gltcrhwlsatnmedpnbvemlpbm (whensivitagis tumed off). The

ins 8 R s g RN b DCIp A0S RATE, ai 1d- bk 20,

the SR Ioss ablogr-f @.5handler. wra&leztohdas SieBgecBiveRd Q‘ﬂe qwlﬁwn is
power, that is, 3- dB hi’gher P 1(1B ‘coul d be’achi eved

bel‘i“ﬁzllﬁ@ ﬁr&ﬂg@mewnme% Hzal switch. As the power
handl ing capability is the bottleneck of CMOS T/ R
switches, differential architecture is of great

[oocaz]v ars-p@amiefer 44/ b medHsuil dfi cretit bEE&Aed SighractérittichemEpehding on
aring wth single-ended architecture, the

the aP %F%tmni and mﬂleat@rp dheiesult miagjheye fitfesent iphysical goganing, for

ere il R KR ik Bt COPERE i SRR e Bl s PR

is m&smteldl’nyl thy Ibmﬁrdrﬂrmﬂ;numcﬁxpﬁﬂelf%ﬁéﬂtoﬁ‘@n;tﬁél WtahkmMitedi @atfion-
t ing the_ design of integrated

mO%ig ﬂeﬂfﬁ%ﬂ' éyPFRng Fenfial-pedso signal KiGr- 1¢ éﬁg%.avsriaph of

medstiRAt cofEsh-Wodb r jél:ﬂlé’n fiétlt)flﬁ HEDDNR cf‘b@'ﬁ" th684 BE fre d1ﬂ'erent1a1

the final circuit, four swtch transistors
T/Reﬁr?ptcbyﬂé@brdm@tanaﬁl@@tmcnt ob thetpresent ineemticon &s do ON mode the

o ARl S 2R TR S R B ten 0

dB.6 vvith shunt arns. Experinental Results [0065] The
ef ficiency of the invented nethod was checked and
proved by experinental results of the fabricated IC

oy i 4y §5) 508 BRI 6
differehtpfrequentiks mmgdh raeleahpdinddne of the prefent iRAEBEYTHe P,

of NMOS transistor is over 90-GHz. FIG 14 shows a die€
incrptrgs dyrmaghout 29. GadBmaa:traboatt bGHY il ebeuttIe2-dBhRatsaliout B-GHz,

and3F b i 200 GO Bl FrecBs o Rritsclnmower

handling capability may improve significantly when comparing the double-well body

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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[ 0066] The neasurenents are carried out on a wafer,
usi ng Cascade Mcrotech' s differential GS S-G
wWEe@be3ao4A four-port network anal yzer was enpl PGESG2006/000278

t he experinent, which avoids the conplicated on-chip
bal un 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 gr?FQIMS nmeasured insertion
|l oss and isolation for differential -node small signals
according to an enbodi nent of the present invention.

S nin% tQat the input and output is matched, the

BAAmgd fr amet er (S-paraneter) S21 is equival ent

to the insertion |loss (when switch is turned on) or
| SO ] At js-furned off). The insertion
R S e R AR AE S ,
5.8-, 10-, 15- and 20-GHz, the insertion loss is 0.7-,
4 trfiple whkll Btructhre/ thearipleavdll dfhictire s@agtidingl y. The
isolation is below 21-dB at frequencies up to 20-Giz.
[0067] S-paraneter is a neasure of circuit or device
char a bStal GS. ' he configuration and
appligg?%gﬁ%(?%éhggggﬁghﬁquﬁg%e di fferent physica
meani ng, for exanple conmmon-node rejection ratio
( CVRR), firdt Reetlrregion of @ Sécont £6hdictioity typle€oadRvitsin the substrate;
neasured by the forward transm ssion coefficient from
the transm tted commonnode signal to the received
di f f ep eerond welipagios p§ el firsttiogductyity tiypesbeingysepptatad from the

measu - e ,ejection ratio in the ON and OFF
node %‘ﬁj%?%tg Egigg?gl%gmeﬁé%gl%? switch according to an
enbodi nent of the present invention. In the ON node,

h Iest GANITROr FRREd bR LR theBedohd MRAILBEIoh A8 £idd trhnéGor | N
the OFF node, it is better than 40- dB. [0068] FIG 17

comprising abogy sgminsl beipgwennested tortke seapadbwell tsgiom andr ms of

P 1 CBat different frequencies according to an

enbodi.ment _of th esent inventjon. .The P B i.ncreases
£ P B redan e~ P GRE Sprpiseica Pl ory FmiRl £ 36 B5tigm
trangiktogbout 8-GHz, and it remains at the | evel around
30-dBm at frequenci es above 8-GHz. The power handling
capability may inprove significantly when conparing
2hdhgdrapbistonerringsownt 6f daimi hofurtberlvoingpuisingi t h t he
single-well resistive body-floating. [0069] The
% ggt{t%) E cleigg ggnn%gtség r’t(l) g,tcbr?t?olgcgrrr{hqa o\f reI soegc?nde vrsrfgl? gelgqc?rp évgitch
and controlling the second well region switch to be opened when the first transistor is

in the ON state and to be 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.
4. The transistor arrangement of claim 3,
the first well region being an N-type well region.
5. The transistor arrangement of claim 4,
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presented for purposes of illustration and
description. It is not intended to be exhaustive or to
wO 209B03d0E | nventi on to the precise form di scl PEESG2006/000278
obvi ously many nodifications and variations are
' [ i . of I scl osed teaching. It is
1{Hg? ?ﬁ%ﬂ?e{llﬁg@o‘g %tgm caoﬁﬁg%(%g” e?]l{gg’l(’HVenti on be defined by
the clai ns appended hereto. CLAIMS What is clained is:

6. The tmadistbs ir0dngafne Bhe 6PERILS] RPsa triple wvell
structure, the triple well structure cdnprising a

uhstrate of a first conductivity type; a first well

e irsh Frapgistar Swdenepmprising sonrdetetryinal, b ontoremyihili JAHR drain
tbiGnubstrate; a second wel | region of the first
conductivity type being separated fromthe substrate

by the first well region; a first transistor forned on
o1 ThotrkhestSOaRAGMBI ofcBYh @D, the first transistor
conprising a body term nal being connected to the
second well region; and a second well region swtch
thesourcediomiact eenpirivitghesonaydiffedon Raliorddt the %cf)h(? Sdnductivity
tr n5|s}or. 2. .The transi stor arrangenent of c a|n1f,
WPS?‘}GH’& oFgrh 1 e seeond MsHitegipner bei ng connected to a

control termnal of the second well region switch and
ﬂgéu}gﬁlqglllﬁ'i? b r.egion switch to be opened
when t he iglréso?%rrﬁgf%%q S %fdlﬁSI?%rW € fecrrd sensuchvige
tmecbgmgmedmmegwoaﬂ“teﬂaagbﬁ_tor is in the OFF state.
3. The transistor arrangenent of claim1 or 2, the

83 strate being a P-tgpe substrate. 4. The transistor
ar o agpnggmgnipBanyt ans dfictams igb 17, r egi on bei ng an
N-type well region. 5. The transistor arrangenent of

e well

el . n | I, r.egion bejng_a P-typ |1

¢ Rkl RERRM g Soy s B Cor el gpngeingts tpe
beihgformed if theSsecohiewéll fegiont r ansi stor further conpri sing
a source termnal, a gate termnal and a drain

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

the second well region switch being a transistor.

10. The transistor arrangement of claim 9,

the transistor being a field-effect transistor or a bipolar transistor.
11. The transistor arrangement of claim 9,

the transistor being 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.
12. The transistor arrangement of any one of claims 1 to 11, further comprising

a first well region terminal connected to the first well region.
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termnal. 7. The transistor arrangenent of claim®6,
the source term nal conprising a source diffusion

wo e@soss0af t he second conductivity type bei ng POY/8€zh06/000278

the second well region; the drain term nal conprising
ain diffusion region of the second conductivity
f@ﬁi‘%@?ﬁ%ﬂ%%ﬁ?@&nﬁeﬂgﬁﬁ%nd wel | region. 8. The
transi stor arrangenent of any one of clains 1 to 7,
' : |5 LI fusi Fegl on
R GO\ Tl SOl o B Lot iR
&&osinu regiit ofitbeg sewond Sondiletivity Byps ibsingfomiddingeerant wefl
rag%)é of the clains 1 to 8, the second well region
S®°Pch being a transistor. 10. The transistor
arrangenment of claim9, the transistor being a
' : [ IR0 ansistor. 11.
IfIé!h g\htg Pgé}sgﬁg ﬁin%?@%ﬁ%@*%% I?T &cllga%u?h{hg% E‘f‘ e 'St%?%n si st or
bei ng sel ected froma group of transistors consisting
Dpassies adbmpodedebent coulediothe fitwdiebdios terkdipsi st or
n- channel nmetal - oxi de-sem conductor Ti el deffect
transi stor, p-channel netal-oxi de-sem conduct or
5. dheltrangisen arrangeimentt oficlaijuidet i on gate fiel d-ef fect
transi stor, insulated gate bipolar transistor. 12. The
t#}ransj st or arrngn enent of any one of clains 1 to 11,
BPERIP CBRRReRL PHGPHSInE ASPTIRERFt Selgried BoBK e GEquD Consisting
oTosN6H, Ridubdr biecdpabi®ér, Wel | region. 13. The transistor
arrangenment of claim 12, the first well region
term nal connected to the first well region conprising
1. dh¢ frassistor aregigementfoftichémsi@agrthimdsduct i vity type
being forned in the first well region. 14. The
transi stor arrangenment of claim 12 or 13, further
Spreisresprswikddeng cwnisdrie the firs| wejl sasign teemingl. ¢ he

first well region termnal. 15. The transistor

37 Tﬂé‘&%ﬁﬁ% a?xfangérﬁéﬂp o%laim 16,

the first well region switch being a transistor.

18. The transistor arrangement of claim 17,

the transistor being a field-effect transistor or a bipolar transistor.
19. The transistor arrangement of claim 17,

the transistor being 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.
20. The transistor arrangement of any one of claims 1 to 19,

having a single-ended architecture.
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t he passive conponent conprising a conponent sel ected
fromthe group consisting of resistor, inductor and

w@apaosdoar . 16. The transi stor arrangenment of BPCESG200&000278

or claim13, a first wel | regi on switch bei ng coupl ed

o the first well re n tern1n . 17. The transi stor
JEmSIStor gfrangem; ‘1 Yt%’éohc%lins\]\é‘])il region switch
belng a tranS|stor 18. The transi stor arrangenent of
or being a field-effect

{; rgaafgeféﬂgﬁlycgnpo ar transistor. 19. The transistor

arrangenent of claim 17, the transistor being sel ected

97 OMRearAakiRtoR afindehfns bSArY cheGIREHiHE i 1Q2 Of

net al - oxi deseni conductor fiel d-effect transistor,

n- channel netal - oxi de-sem conductor fi el deffect

& senos{l staosistophatisgm sdureeterhingk iagatesterniivalrrd @t dyain terminal.

field-effect transistor, junction gate field-effect

Hgﬁ_g st orf i nsul at ed 9 te pipolar transistor. 20. The
- S tEAnSStog AT ARRFEHEh one of clains 1 to 19,

havi ng a singl e-ended architecture.21. The transistor
A

LSRR & iy 88500 SUBMRAL it o PR ramsistr

being agempxdtat aidistaiyge Gom afe anlothiensf At leayt 2out ame clen€laximum

transi stor.  having a source termnal, a gate term nal

gqqgesgtgqhgp}q)gyé?qqgﬁlgp: 23. The transistor arrangenent

of claim22, the gate terminal of the first transistor
neN . e second transistor bein

arraﬁ%ﬁ%gg{%&%gﬂegtﬁéggﬁﬂ%% one anot her of at Ieastg

about tw ce the nmaxi mum process technol ogy resol ution.

2 fripl Awlell BB LEED meahFIr%ﬁ@ﬁI‘fﬁﬁicuﬁé apipssing a triple well

structure, the triple well structure conprising a

substrate of a first conductivity type; a first well

regi OQs{fésu%teS&%% &ﬂﬁg&ﬁﬁﬂy\ﬂz{)é‘ type fornmed within the

substra

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 transistor

comprising a body terminal being connected to the second well region;

a first passive component being connected to the body terminal of the first

transistor;

a first well region terminal connected to the first well region; and
a second passive component being coupled to the first well region terminal.
25. A transistor arrangement comprising

a triple well structure, the triple well structure comprising
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a second well region of the first conductivity type
bei ng separated fromthe substrate by the first well
WO e@BosG04a first transistor fornmed on or in theECERGENGEG000278

well region, the first transistor conprising a body

term nal being connected to the second well region; a

first passive conponent being connected to the body

t er mi hiHbsEateofia fstconductiaitgiypepr ; a first wel | region

term nal connected to the first well region; and a

seco l.ve .conponent . bei ng.coupled to the first

wel | %%?‘Z’%ﬂ {7 ﬁg secord conduptiyity type formed avihamthetsubstrate;

conprising a triple well structure, the triple well

St r UGl déeende Ty .of first

conduct i vi t ﬁa]?%gz(?mgﬁP ? ?gst% Eé/\‘/gcf”l%tlyl fyé’ﬁ leJFlga?e%"éﬁtSﬁ drom the
5 cond@@bﬁvﬂq§Yﬂ¥¢hsﬁwmﬂmwﬁmgthin the substrate; a

second well region of the first conductivity type

[ separated fromthe substrate by the first well
a&%ﬁﬁgar?,slsg’r f91m8d qnyof8 they sgeordow el tbginm, Gre first trdigisg@cond

o _ _ i trisisaszc
PP nar Rey el ReR UL e BT vl Flidiyi on

second well region switch being connected to the body

aiseaomiirvll rofiohlerifeh bsing chaRBIcdl B the fody dtlindiRlrmd AL O

ﬁmmtﬁfn1nal connected to the first well “region; "and
Fi%st passi ve conmponent being coupled to the first
wel | region term nal

10 a first well region terminal connected to the first well region; and

a first passive component being coupled to the first well region terminal.
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