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WO 2006/ 000993 PCT/ | B2005/ 052050 1 Hi gh frequency
transistor layout for |ow source drain capacitance
This invention relates to high frequency transistors,
WORkN B egrated circuits conprising such PCT/IB2005/052050
transistors. 5 Hi gh frequency transistors for

swi tching RF signals at Gz fhequencies are known.

Bi CMOS processes have shown promi se for the highest
Highclipgpersy trepséstartidvont foplow seprce dodSapepifalsé nore suit abl e
for single chip systemsolutions. CMOS processes are
mainly wused for digital applications. If, however,

hi gh frequency analog circuits also can be integrated
in the same process, this offers advantages as then
only one process and one chip 10 is required for many
applications The hi gh frequency behavi our of standard

; | b HkiSo R circuit
conS| der a 3}&‘{ ﬁ{%(?iergféteeg t%& f&?‘?“% ﬁag]:I E uEinay%ut erens
corthpsghsughirdosisigenci es. Such appl i cations can include
conmruni cati on equi pnent, such as nobile radio

conmuni cati on base stations, satellite conmrunicati on
equi pnent, nDbi |l e consuner wrel ess devices, and all

appl i cat ere fre I _
used, 15 lHoé% pe c‘ﬁu s tmnswg‘lt}J X @0%632‘%4'3%%% Sgﬁﬁ? at ofdbities are
e BICVMOR mﬂbswhm stbiv poomist foe thefRighestStequrncy GRK4tion, but RE-

t E
C@efaglf%fnor ﬁuétgﬁg{ iﬁl’gﬁ: é’% 5 stgrﬁ S&Rt%ns %ﬂ6§ ‘f‘o%%sSemrQ Hlamly
usd dethligitabippticaiond. &f, hetdver, hghtﬂequdnc;ghaatagemmtsca}so can be

. J f RE- t h '
g AP P Bt 6 s s 48 et CBvARE RS sh il co
isGedired for giasg hlqﬂEattdnatTha htghaiequmjdbehﬁﬁommfﬁtaaddréf}‘ms in
the f f fi t .
tr?rgfstqlﬁo r@.lrgn %}i gi%ﬁzgl chi sé}?agdjgr Phsk dzerag) y lncrﬁagé: aq] gmg glg Rt for
théﬁlﬁgﬁﬁ@uéﬁt&ﬁgﬁﬁcﬁ aﬁ;ﬂﬁaﬁdna ﬁailjmclhdlb ddﬁmﬁmioéﬂolﬁﬁlﬁqjlmant, such as
that.c n \'/ e n lona

ai.ned
BB SPeE Y o PR S s PP g Set nobit
cﬁﬁMbé‘r&ﬁreie@i desrdet, @hd ﬂlgamlcﬂjmi Wﬁgte frgqiehgis lhltwiéntayge are used,

oBEBa Re IR B USRI b o § SR gsm. pes,

ok Hﬁﬁr?ghlﬂ Btch For Shobild (ﬁfilcbsﬂ high 1868 -of hiltqigraﬂiﬁﬁ,l and v govbeal
conbi ni n anal pg a ital circuitr
COpERRERS SRR HTors 37 PR 7 o BB e e SR EMOS and
o%ﬂr(i)&vibésg@ @@cﬁtﬁamsﬂlsmro&n(ghergl nafter refer red to as
i nt eqr at i
char act e 48 68¢ Sﬂdﬁ#gi?Ggéﬁ('ﬂ d«t%ﬁc F%‘i gtr?c‘yam and

source layout in the form of a comb or finger strucf:ure is advantageous for high frequency

-propeities of a MOSFET, i.e. to decrease the gate resistance. In US 6,140,687 it is explained

that conventionally, GaAs ICs, silicon bipolar ICs and BICMOS LSIs are mainly used as
devices for switching or amplifying high frequency analog signals. However FETs and in
particular MOSFETs are preferred where low cost and low power consumption are desired in

one-chip analog/digital ICs combining both analog and digital circuitry. MOSFETs have the

following advantages as compared with bipolar transistors (hereinafter referred to as BJT):

¢y High integration
¢) Low distortion characteristic
3) High gain and high efficiency
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WD 2006/ 000993 PCT/ | B2005/ 052050 2 However, when a
MOSFET is used as a device for a high frequency anal og
signal, the MOSFET is | ess advantageous in several
Bioa0gaoedssti cs: (1) | ow transconduct ance ( gnPCT/EB2605/052050
therefore | ow gain. Wen the current Id is constant,
it is necessary to increase WoL, nanely, a ratio
between the gate width and the gate 5 length, in
or der t o Havereawkersa MOSHET drwbed ascandeaicg ifgr a(lpgh fresmency analog
sl L MASHRIENEYadvlutack i LERMPBfYaclefistics: L he |
regquency at TCh Fhe current gal n becones 1, and is
(br opor t i dovabraiseontdugtasesdaduoiidkrsefong low gaipnyhemihe pwregnyla s

cRisPRP t Ll ?e%@aar&? nﬁgi;ég%lc\?{% %aérgeﬁ%gl JMeWeeﬁ gﬁaéa'té WHBENEAR gate

and Accordi ngly, a
length; nfddeﬁ:tcaquemyiﬁfaﬁscoaductaecqgmproved sinply by

( ecr eas| 9w % (glgtl-oﬁ'ﬂ' geTrT? E’/Cél Hgﬁiﬁﬁe fréqcﬂ%a'tﬁhﬂhthe

ransi st of havi ng ctance gm a
cai@lt pain becgake!, raeé ussﬁrepmmnﬁ!qo #auscesiurieece g simsiioyeesslyr

oo ORe R oS B LE-BTIEPEY ah B fore i LRRAURRY,

requ cy a gai n becones
Akcordinglyj scutoffiequasy & @aﬂne imprevedtsimiy bRdecrading a gata tangth L.

esi stance, RS ar.e and
D i s smifpglow efﬁ%f’zﬁa Smrha‘ﬁm%a %?%?ZE%“%%T[' sposeg%f"%ﬁﬁi after
gﬁtem&setahtedmgealndbmgbe fesisgmee®ey 1 C, a fi nger shaped gate
| ectrode structure..is_.adg t ing .t
i gn 11 oty eifues G dem Rl oY kol HiMey o
vfhﬁdh@h@ibﬁ)&er gine‘ﬁécbﬂldﬁl la8d pIoghes et gatt: rbEistﬁ:;cﬁ;m afB sourde mesistance
US pat , 566, 185 ther 1S S . .
ReRERCHET G 3 S REYSHIE Lol AP T fire R RQLOSTET disposed in
a&@n\@:ﬁﬂldneﬂngllﬁ'équeﬁdyﬂ@% fiiger-sitipett gatededirodé sinivhehisiagopted for
consUfL_r@t gg@d% an 20.i nterg sql tated el ectrode, and a
igproying fgss. ey RAGFHE S bl ural ity of unit cells
each maden ithprovtmentdkiag A ring gite elecirvde Ssquomeed i U6, 140 687.
adj acent ot her. T balnalar
17 PN GEPISA0d £ it B ABES DRerrrRyEs e el
fﬂeqwehaaase:@th abbLesIRE Ymiln G ga Siriguré b@h@amcmmdnsmﬁtea hjean
ong

%tﬁ@gﬁ%t?CLB R @R‘ufa? g&?lfe"}%fe FSici made

- up bed &ﬁﬁlegdtes hhdsourcd 2o bé adjzﬁ:eﬁlt@&ch ot from a paper

publ i shed t he | EDM co
150 CGhz f4 m]n@alla{gféwgtpgt,%l@ gerr]ﬁ: 3@%@{&}“&’ Ff%qgelggectrodes

atethlSkdd, Blereby inePdaling the ¢l i@l ¥t the R¥oltickind. Eloweteral long gate
ate.resjistance to

AR TR N TR G
| ow. The {lia¥i@nowiCkdifl @ parer hthisked at the IEDM December 2001, “A
record high 150 Ghz fy.x realized at 0.18 pm gate length in an industrial RF-CMOS
technology”, by Tiemeijer et al, that an optimized layout can reduce gate resistance to
increase fy,, while keeping RF and substrate noise low. The layout includes a folded -
structure, a shared drain, and a p+ guard ring.
It is also known from US patent 6,376,866 that a FET can have comb shaped

-source and drain electrodes to reduce an ON resistance. It explains that if the combs are

formed facing each other close together so that their teeth are interleaved, then the opposing

surface area increases and the parasitic capacitance between these electrodes increases, which
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structure, a shared drain, and a p+ guard ring. 30 It

is also knowmn from US patent 6,376,866 that a FET can
have conb shaped source and drain electrodes to
Weae00093ON resi stance. It explains that if POBRIR0ENS2050
are forned facing each other close together so that
their teeth are interleaved, ghen the opposing

surface area increases and the parasitic capacitance
datasecthe ihesemciaotrcy Of sparaion ctswidresshisch is0egested to keep the:

c]cnl;ng%ag %ec%f)ggg !a 0191%{ 8%_?8 g élo ﬁotqﬁt {]g‘a@g es t he maxi num
Cugest e st i mcﬂﬂoa@@@m|4@@&9rm@gﬂmﬁa;ayerg of

at their .teeth do n r
Vit S e e sh BB o BRI o Rt Beahsty
a0d themfore elgetoadigidonused for power supply Ilnes in a
sem conductor I1C, to reduce current density 5 and
therefore el ectrom gration. An object of the invention
is to provide inproved apparatus or nethods.

A di .a fi h
e of Purtt andf b BRBREp pip ey PRI BaBh ¥t 45802

- A0ekding iioa AlRegpett,dhainvertiod pmidbszaeﬁﬂﬂ effeat trdnsss,torﬂzawgga gate

e gonb. sha draiin electro rra
i PRy BRPRY P PR SO DI BT LS Ol P e d din
elebl@ocﬁ(bﬂlhg arriiged tobedthiorl@lved it fngrd i \hergurce Ietebt]tﬂde the source and

| a % anDun ?f t he |nterle? in geln diff. E%ﬂﬂn
i Slpriofcs daRpe BRUPIORY Hhan ATpe 5T e PRsrieLne heme eEh
differdnp bﬁ%ﬁ df @ik bakgle Widrh Thb aragiol md@itﬂed withl¢he s&'th'bcselmde

provi de roved | ayout for frequen

VoRrET Ak provi ay Shpgipdyiou oas filh SrRey HOSERT, As ve
a tdvdb atd fé@stﬁirc]:ﬁ Q]i?re aRnifill ted bthe, @ﬁﬂﬁﬁh@a.dpecti foethd iaymttp etiable
ena er fre

u r at

bighef ey B9ef?tl?é‘= iR ] s %ﬁ?{ the éﬂ"&a‘b%c ?i’fasﬁ%c capgoitance at
it-"And Biput QesPBH keftitlioR 8s k@Biblea® theoMy@s siipakbish nfininmm debign

| ayout shoul d use n1n|nug%g%i % rules as nmugc d
RGN 5 RSP B B QFIeh i, D st Far e GRep ot o souree an
JERNBEH nBI e rhille SOV niel 28 Mflthatcbasti the Gt dinsités Ya€om@ide high. This.

too small as in that case the cuyrrent densities becone
gl cipsg p bregel of el e?'ﬁoﬁlgﬁ’tw‘l:&o?%’é BSbr each of

.electro-m %%5&%@1@%@ BecoriSo tﬁerimtehaoﬂ merxﬂmpie llaw@ ae not

accordln the invention, the mul tip

igegtical, |bH"e<‘r‘it1 |b% aPth%& tobsitermeeetife FoRticbne fiﬁfmi!}’éit‘ff i‘f Hﬂé“%?“‘:
caﬂaataaeé\t;hﬁo%{ 108t 4 BRNMvatagk SMoRANAGH desity pitet b ienultiple
W thout losing all the advantage of | ow current
1%mﬁ5|ty prOV|ded by the nultiple layers. 25 An
addi ti onal, Jeg@bih ?eaftl.% fcd a‘él@lﬂé’%ﬂéi‘@ Blhin® {sahd MniePledvity being reduced

i nterl eaving being reduced
for layers further from the gate electrode. This is one way of helping optimize the layout to

-reduce parasitic capacitance without losing too much of the low current density advantage.

An additional feature for a dependent claim is having shorter fingers in the
layers further from the gate electrode. This can help reduce inductance and current density

forther.

Another additional feature is one or more of the layers having no interleaving.
This can help enable reduced parasitic capacitance. _

Another additional feature is the interleaving of the layer closest to the gate

electrode extending across substantially the entire gate. This can help reduce ON resistance.
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for layers further fromthe gate electrode. This is

one way of helping optimze the |layout to reduce
parasitic capacitance without |osing too much of the
wowroemoneat density advantage. An additi onal PEBIRIES052050
for a dependent claimis having shorter fingers in the

|l ayers further fromthe gate gl ectrode. This can help
reduce i nductance and current density 30 further.

Anot her atlstitlier addiionhiefastueds a g:inm&“ tigrcombrsbapofof theelrain or source

B 08, et AR TR g BB
réduadd) A@ain shit bem Lietptreduce eapacignof alﬂrmanbmylamlty,l osest to

Lhe, 0a0e RS hIRE LGN B AL RBR B IBHANLLA Infpd. Bl can

h&@@&hﬁ@@ﬁeﬁsﬁﬁmkhﬁaﬁﬂﬁﬁﬂB@@&ﬂmmﬁsAnother addi ti ona

Sour oo vt Bish SaelEn 00 uF AR a-Spde R gy Bhea

el ectrode for Iayers where the |nterleaV|ng 'S

Corrent” dORBID Aot TEh Sty LN FOBRE NG fhasiiona
nibad] @ryet 1€ leh S of tha\ﬁug@s Ebcﬁﬁmdlsnsdmaﬂ@.d sialla. Tigredztibreinp

_re uce ate resi st.ance and si tj c capacitances.
%W&P‘W@B{’)’ 3’5‘ @ ¥Phe gate el ectrode
F’el ng d 0 lﬁﬂtﬁné‘aﬁdﬂi tbr nfigifnugakbacifeica) byl Byteper raductipd infikrleaving,
ayout can be used, such that each additional netal
apdy yer the length of the fingers becones smaller and

2smal | er. ﬂlﬁnﬁaﬁdﬁlﬁﬁ lnﬁlﬂniuﬁl 13Qral ir@h! @AMtiAGN s@icd¥d drain ﬁngers,

arranged nunber of based on at i

by 8yhs ERRAHER ugiieR i ’3??&1%3"“!%/ g s SRR "P%%‘x‘}’é'ﬁt E%L?f emperatures
of RS RAWI s cuRélls, FhilER1l PRk HRTedudempitobMaltib atigratibn
current densities in source and drain fingers, by a

THe e gradual - reduction in interleaving. This can

enabl e ORRh@taktts dF hB iBRtion! RIS iAlteRE8 cirdits 6F mabile wircless
hi gher |nput bias _currents, while still ne

etin
dpdepsicPRpRTRE:the fransision and Mo el rpking e EansBioRes F ifiCgrated
cR&Rscts of the invention include integrated circuits

or nobile wireless . devices conpr|S| the transi stor,
and met haby % thepdifionpl Earrescanbrsosntip t‘aﬁethemﬂggfpag@ad with

aﬁ‘y S1GHE dsPects? OuftD )(d\@{ltaéég QiR B hipafntdo thaatiin&Sin @R Especially
ombi ned togﬁt er and conbined with
over other prior art. Numerous vanatlons and modifications can be made without departing

from the claims of the present invention. Therefore, it should be clearly understood that the
form of the present invention is illustrative only and is not intended to limit the scope of the

present invention.

How ihe present invention may be put into effect will now be described by
way of example with reference to the appended drawings, in which:

Figs. 1 to 3 show stages in making a known device having a single sided gate

Figs. 4 to 6 show stages in making a known device having a double sided gate

Figs. 7 to 9 show stages in making a device according to an embodiment of the

invention,
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any of the aspects. O her advantages w |l be apparent

to those skilled in the art, especially over other
prior art. Nunmerous variations and nodifications can

b© noedd@owst hout departing fromthe clai ns of PCTEB2005/052050
present invention. Therefore, it should be clearly
understood that the formof tfhe present invention is
illustrative only and is not intended to limt the

s cope of Fipel0 sﬂ5w:pa[ ap@Itction \iz:emlématic fbbnmrhmeq@nﬁheamOunt of

entio ut o_ef.fect now be descri bed

?rew gfouéexl ansfig‘mvﬁtlt ri(now?(el?vel%ecaé o t he appended

dr awi ngs, Fign I\Nandzhz sh8@ chirggponding @oB sediions St ergesliments of the
. kqg a known device having a single sided gate

%¥E 4 to 6 show stages in making a known device

havi ng a double sided gate Figs. 7 to 9 show stages

in maki ng a device according to an enbodi mnent of the

i nvention, W 2006/ 000993 PCT/IB2005/ 052050 5 Fig. 10
shows a CT]ﬁﬁﬁesSﬁGﬁ\ieﬁfbﬂ willde ldesrribéCwitlorespectio pmﬁm&e nt

t he .anmount . of . i.nterl eavm of. s e.and. dr.ai

RS ghe Bt s Lot rsgyings ot B i eRispriShd] el gereto

e be gelcianns ﬁ@&aﬁﬁ@@ﬂiﬁltslﬁﬁigﬁsgﬂfnlﬁ itgenéatn:\aﬁm tic@pn-lifiting, In
resent enti on W e descri be ect

e BiES Bihsize OF GiioA A rp TRomE e SR A OB on scale

f&ﬁﬂﬁﬂaﬁv&%@ﬂsé&Wﬂatétanﬁlf]tﬁfmlrb\/cﬁmbﬁﬁ_lfpharﬁcm Btusdd witeh eeferring to a

thereto but on|y, e cl ai.nms

S BB 4 Eo ot O ich s Fre ey P ALt e biiniess gpmefhing else

islépetineallrstiddngs, the size of some of the el enents nmay

1 nat ¢ b edems Wrergeont, Girae o e o e sroppipynd n

‘ t]i’erdlzilﬁlls Sird §se&| ﬁ@lsﬁﬁ@ﬁsh&@ﬁ)@ﬁﬁebﬁl Sindilr Elemé&itd@dinaf neﬁéygmy for

"a” th | ude I
defeabivg 3 srvpiiel gechy WPlrfgdf'éis 13 %qg Pgu%%é%qog 2 ?ﬁe;}erms 80 used

el @kﬁﬂang{éhﬂl& BRI R foprihid Rirbi@sicdsl ang that O eABEHImbARE 6ﬂ:he

and the 1jke in the description and in 15 the cl aj

inyeptiqedesrribed betpia prerrgeablant Qe RAN IR OHeE Forrqnass tRangieasitbs

iifRFatbPhersigcessarily for describing a sequential or
ical order. It is to be understood that

chronol o
ternms s o%dgre@w Abectermsiten, bt e, Bndshand the Wi ip e f%lptloﬂ
afd fhe Hﬂﬁﬁsad?é: feed %}Qieﬁ ﬁﬁvéﬂ%@po@éﬁ%@ nBBRbS sy tdd Bescribing relative

i nvention describ erein are capahl e of operation in
pegiius. 1§ @d@, b@]vél@grsqug thatiibs dgrmp, %usgii are 1nterchangeable under appropriate

. circumstances and that the embodiments of the invention described herein are capable of

operation in other orientations than described or illustrated herein.

It is to be noticed that the term “comprising”, used in the claims, should not be
interpreted as being restricted to the means listed thereafter; it does not exclude other
elements or steps. Thus, the scope of the expression “a device comprising means A and B”
should not be limited to devices consisting only of components A and B. It means that with
respect to the present invention, the only relevant components of the device are A and B.

By way of introduction to the embodiments, for reference, Figs. 1 to 6 show

schematic plan views for showing exemplified layouts of a known MOSFET having comb

- shaped gate electrodes and comb shaped source and drain electrodes, to which the invention

“can be applied. Specifically, as shown in Fig. 1, OD and poly steps are carried out to form an

active area 10 of a substrate, surrounded by an isolation ring 20, and a comb shaped gate
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illustrated herein. 20 Moreover, the terns top,

bottom over, under and the like in the description

and the clains are used for descriptive purposes and
woi2ooemewsarily for describing relative posipCDIERNOSHS2050
IS to be understood that the terns so used are

i nt erchangeabl e under approprigate circunstances and
that the enbodi nents of the invention described herein
elecieode P ddphed ofer thypetivg drem Thaaativé encasoat thersidas piorash fikgenof the

A A RR A Rl B AL SIS Bl Nrai it |5, 10, D

otl1ce rm "co din the
cI ai ms, g distowod fitseconiurties }ayml‘ébl eags migtal lapery alded foqresdde

%‘:Ftﬁ cﬂs 4 Sr cl llmséthons tté?&lr %%%.%r?c{ the s hlaﬂ&?ﬁ%&% el%iﬁli Hﬂﬁe substrate

nts of steps
r@pmweig u?mns Slmvoian Fige 3 covepeatis oftgeswemse régiamchnB drais tegiehs) 2

S0 e ISt e B TS gl oty Boped squuce () and
dpiregendledtmuanThefingetstiertsaly andbesaahtide OfmgHEiM@r &&retlhedram
SR BtTraReY: TROPe POPEY BiRgstet e b bt urce
r&tstaﬁmiim and gainresibtenus Ry drheshnwlaggrhm p:;widue fcombltd mylrwgdaae and
of a 0 FET having co e t ectraode
ok gt ig be A Bt e ce R of SR Bp g fua i FiRraRy
niahet']::tle nmétmm as idlgsmatm b seald i tiyti Mglui :y:;o c?lﬂrflebnmtal
in Fi nd poly steps are carried out to form
layfrs W |%°°§Y Oﬁaélgé‘ke\égcéﬂpgéw Mite, surrounded by an
i sol at i orFigsi A howasinitar afiigesbatpslan giakewklith differ in that the
2006/ 000 /.1.B2Q0 52050 6 el ectr
di6 EoHore %;953 RN Bed FHB razets spBas spriong e PR el dERsT pocs of

eﬁﬁf‘gbtefeleﬁ@ﬁe ﬁi@eﬁsb@s togRtRag!f@tier avlaqialnt gufst)ﬂem&tﬁncﬁﬁ{ga :
conduct | v A Higrleqyit o2 gte B in a5 Ghfbe Baneilet e
iRfeasidifle nilifGinmade Fightd, 1\115@u ik HcreadMERkdfo8Sn hM(DﬂE'EMV&lg a -
R Y TN
cARREE aRDitERSse RO RGBuR AbiseFigine NFGQ b9 ifereading S@@0thber of ﬁngers.
conduct i ve | ayer ers of

conb sha&e@s%%hoé%neeb%ﬁtgeawaeﬂﬁa?’a{lwﬁ%}n Bt o g a2

cxehpld dﬂhﬁﬁrcﬁnddaﬁ\% b gaﬁaal lawals MIB af8Ria cgh B€fePfrom mtaanespondmg
finger there is a drain sourcefl

refireT IR 1 {5 & ek WA dlﬁ%‘aaéé%fg?f@fe Fig. 7 cbitcsponds

clb@g;tgtfq@ge source resistance R and drain resistance
The sane | ayer can provide contacts. tq. the %@%@ .
and 10 bip ﬁlgp%.att@rd cpad%vwgemﬁ@l My 5dad focpsp Hitigle

la tf:rec? sRipde"aRd Maf é?et.c'tr@cﬁbs (1 10, 128). Qiﬂs%yef‘ SERS TR ML On (HABIKE fingers
he connections as il lusfrated 3{) t he second net al
H

of thy electigpies age hoter, andﬁa? sinceat theese shepgyewiderpe it the gmount of
infePBYETY 1 Aabddy THASRE bRl whyd of 8fMing the reduction of interleaving, The
widened spine of the combs extends over part of the gate elecirodes and part of the area of
interleaving of layer M2.

In Fig. 9, a further conductive, e.g. metal layer M4 is shown further from the
gate electrode and with yet further reduction in an amount of interleaving of the fingers of'the
source and drain elecirodes (130,140). Again, the spines of the combs are widened and the
fingers shortened so that the spines cover more of the gate electrode fingers. There can be

further layers. For each additional conductive, ¢.g. metal layer the length of the fingers
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Figs. 4 to 6 show a simlar arrangenent, plan views
which differ in that the gate electrode (100) is

doubl e sided. This means contact portions are provided
WO Poi0¥hads of 15 each gate el ectrode fi ngePCHIB2885/052050
to decrease further an equivalent gate resistance Rg.

As a finger length of a gate ejectrode in each unit

cell of the transistor is increased, the m ninum

probmes sEiatjerraed Nﬁaijém This drmogasentid a0 Tptenieftipndor hininepm lateral

ehaby i) Qe and B0 ool 0 T B BHEHSS e (D i
%ma_sts a:terttx;anmmr cdm @tnllams@ therrequmemmtmnf gleriroemiBiagion alddFni n

DY ot 2R, 6 PUOARGRof PR fr B ebloBimsengor
Showh ethsmalicalle miseqﬂnnhmtha:bm&acmthmgh apgshowe,t apgate Would be at

t&l ¥§t(o§h (M%ac%rbq“ﬂ%% ﬁ I\%&lﬁ le él%gljgl &%} fr o%%l'e B%sented by a

erence nunera S
sirgebecibleack mwpalmg)m E&YEEtlcaFdlgpctlo'h Btk é@t_pmm:sentma wskible layered source
7lecgode Bg)cﬁ 254 Pr&sétnts a nr:ugl{t/lplg éa%rl%ﬁ Ica%:i éeieedn'fg gﬂoc@lg represents an
amwfmﬂerhaﬂngi offingessl of diercomb shapisl Iy Big0)0. it dui ke Sb@lythztt the layers and

& S eAPTolien o S s PG T e RIS U] fEee
ssen thitahe Ihjfee; zmﬂnhiﬁrea)cf]f intefMaeing da\zhange fs Iayemfmﬁtbr frﬁineh@gate
acni
R oL i) o e L e s RE B DR SRR Efgectrode.
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interconnect wider than the minimum design rule and by realizing the source and drain
interconnect in the metal levels 2, 3 and 4. So to be able to meet the requirements of electro-
migration, the source and drain connections use four parallel metal layers. This leads to the
fact that almost all available metal layers have to be used for source and drain connections.
‘The parasitic capacitances between source and drain fingers are kept as low as possible by

reducing the amount of interleaving for the metal layers further from the gate electrode.
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single block extending in a vertical direction. Block

200 represents a nultiple |layered source el ectrode.

Bl ock 220 represents a nmultiple layered drain

wioaotamoe®s Bl ock 210 represents an area of PCT/IB2005/052050
interleaving of fingers of the conb shapes. In Fig. 10

it can be seen that the layersyand 10 the area of

i nterleaving do not change for |ayers further fromthe
gate. | n RiMOSHivicds deagneﬂen thme;my Hatrad nmhmllcayeﬁfﬁeqmdcy fr as

ﬁlgg?ﬁa];ﬁﬁzi}%;ir en—%&g"w ) soc-fan Pseg QIe3 lg\?ﬂzrﬁa aaﬁfgbl}? el'!ggattetaemlxed
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TR EPIEYT REeVCLRE ©F ed’h e further fromthe
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%\Pﬁ F sajree 1 et FRIAgFes Compegna i ideR 8 W B i e rol end
1841288 inSEdre el 1ew8ls ETORHieENlesitdt drivecnrém $¢velw@serilamit cells
Figs. 7 to 9 and represents an optim sation for
W%Fﬁlﬂ?ﬁdll%i’@? . current density. This can lead 20 to
a benefi tT®éonahae)tas BasitRed stcribedi ﬁbdva,t&r}&l" ﬁ&lﬂl Iéfféi:lﬁ transxstor has a

density with respect, to t r art

ol RleciOden B 0m SRt R i ANTES SIERtroio BB %?Pm Shaped
Bisialy b&tﬁ% mggﬁ ﬁltlﬁ ﬁtbﬂlkfg%cﬁotvlﬂﬁﬁhl o of&@h;b@féeaectfdﬂe tihd Source and
case e reaucti qn o Interl e el s nore ra

R P e B PEETRlG 5 10170 Sy A Sreh e s ngreaving can
R ek Hoacl [39erl forRa81S bﬂ{nn%iéﬁf I&ﬂlaﬂ? Q15O @mﬁaﬁ& &p@ﬁtance

t he present invention can be Ienentg@gwﬁ for
valgrplpang e sdiaRiass fdow cvrfﬁnad@emopﬁ?‘"éﬁw yers. Th

lmeﬂéavﬁg id rel¥idkd fc@ﬂk.gffs REK 808 theCzath clREBINbY RavidesRorr ﬁﬁgers

du Danascene rocess) the, .electromgration
Tajéﬁdg‘ﬁ“qﬂu}l dferlgagng mﬁq 0@811%3 fpr Bymewmpm%ebys%ﬂ?ﬂe@

B 68 e rRlaPing | P YGRS Tate¥] B@Fent B3Rt sOhrdé B brain fingers,
design rule an%’ realizi ng.bt he source and drain

by gtreare siare fedll?fmlﬂﬁ’é mygrieaying. diisican enablg opprgtion at Qigherjenperatures
R BetlePinPBiSiast iR et Wik @t@mgamgftheqle@ﬁsefn@n@@fmoaﬁig&ﬁon

t he Source and drai'n connections use four parall

rWetal layers. This leads to the fact that al m)st al |

avai | abl &; ggf gl udd@ee%é it hohdh RereNSLnSRImSRY Efesirend

drai n connecti ons. The parasitic capaC|tances bet ween
cauifpeiong and agnBgwationage well 48 malrys, have beshdigeuspredirogy for devices

r
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b@@ﬁﬂ@BﬂMﬂ%ﬂ@E(ﬁo@thmm&mm eSthagpdoyagtiod in this
way have a nom nal cut-off frequency fr as



hi gh as 150 GHz. The n-MOS transistors can be used to
realize a highly integrated m xed node
RF/ Anal og/ Digital systemor® a chip (SOC). The
opti mi sed | ayouts enabl es inprovenents in power gain
CLf? the n-MOS transistor. 5 The transistor can be an
A transistor having a triple-well n-MOS unit
cell. Each unit cell can contain a nunber of parallel
gate forgers contacted fromboth sides and is
1. sur Adigld effetsraasistonbavitg avgdtk eleomode; aed corab shappd jraid ard

th | ect ' t desi | h
SO 1 RCt R e e st o e S B A i
int@RAVEANWItH it gaR G f tHeaBluics @Rt chridd] il BuRBtand Bl cle@¥siles -
To achieve a desired drive current |evel several unit

havieg maltiplolayers, areampeut efitheintgdleayingdeingrdiffersntindifferentsones
' ; I f
of B TRAGR RS AL ARENG n Mgl ol 5y e

frogirta¢ patartbcgode.ce el ectrodes, fingers of the conb

shaped drain being arranged to be interleaved with
fingers of the source electrode, the source and drain

2 5 AR S Gk el g

fromahd gitagkectroded enabl e optim zation, particularly for
| ow parasitic capacitance wthout losing all the
advant age of |ow current density provided by the

3. MUl ThdDhrnsi B3I 21aichNS ond Bl RbIeRF 1 EydrS hiGHY S thtéaving,
| ayers further fromthe gate el ectrode by havi ng
shorter forgers. The reduction in interleaving can be

4 P RabR P of BT Bt AR s Pp iR P Bt

cledittide @Rtend@BSiids€ SubsAnG4ll the etd gdfedi N fingers, 20 by a
nore gradual reduction in interleaving. This can

enabl e operation at higher tenperatures or at higher
in el : [ | .

5. ¢ oot ShRpRARA,  filhe Se Bk e TRl dd i o sy,

eledtrode estenditlg olvat paad déflibeighie pleetkaler forllagsid adtiereetht $nterleaving is
specific constructions and configurations, as well as

re’d‘ﬂgﬁerials, have been di scussed herein for devices 25
according to the present invention, various changes or
nodi fications in formand detail nay be nade w t hout

6. depkhettrangisfareficlaie 1sthepeteatattope hatingh comb shapevent i on.
9 CLAIMS: 1. Afield effect transistor having a gate
el ectrode, and conb shaped drain and source

7. el epid1RARBtor b BRGH I, Bk chiR@]&atRe BAARAGuIIE Siliad.€l ectrode
being arranged to be interleaved wth fingers of the
source el ectrode, the source and drain el ectrodes

8. - - Anintegrated circuit having the transistor of any preceding claim.
9. A wireless device comprising the integrated circuit of claim 8.

10. A method of making a field effect transistor, having the steps of forming a
gate electrode, forming comb shaped drain and source electrodes, such that fingers of
 the comb shaped drain electrode are interleaved with fingers of the source electrode,

forming additional layers of the source and drain electrodes having a different amount



having nultiple | ayers, an anmount of the interleaving
being different in different, ones of the nmultiple

| ayers, and the transistor traving shorter fingers in
the layers further fromthe gate electrode. 2. The

o APASL TR S e Mk R SRR g Ol

eletlredé.r ansi stor of claim 1, one or nore of the |ayers
having no interleaving. 4. The transistor of claim]1,
the interleaving of the |ayer closest to the gate
el ectrode extendi ng across substantially the entire
gate. 5. The transistor of claiml1l, a spine of the
conb shape of the drain or source electrode extending
over part of the gate electrode for |ayers where the
interleaving is reduced. 6. The transistor of claim
1, the gate electrode having a conb shape. 7. The
transistor of claim1, the gate el ectrode being doubl e
sided. 8. An integrated circuit having the transistor
of any preceding claim 9. A wreless device
conprising the integrated circuit of claim8. 10. A
met hod of making a field effect transistor, having the
steps of formng a gate electrode, formng conb
shaped drain and source el ectrodes, such that fingers
of the conb shaped drain el ectrode are interl eaved
with fingers of the source electrode, formng
additional |ayers of the source and drain el ectrodes
having a different anmount 10 of interleaving, the
transi stor having shorter fingers in the | ayers
further fromthe gate el ectrode.



