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H gh frequency transistor |ayout for |ow source drain

capacitance This invention relates to high frequency
wonrersgoedsrs, and to integrated circuits conprPETMBR005/052050

such transistors. Hi gh frequency transistors for

switching RF signals at GHz fyequenci es are known.

Bi CMOS processes have shown prom se for the highest
ng;hrffeqti&ﬁ§ Yra @ RR6:h ) S fordek seir€MiBinGapadiend¥or e sui t abl e

or single chip systemsolutions. CMOS processes are

mai nly used for digital applications. If, however,

hi gh frequency analog circuits al so can be integrated

in the sane process, this offers advantages as then

only one process and one chip is required for many

appl i cations. The high frequency behavi our of standard

CMOS transistors, e.qg. for digital circuits may be

consi derraby imvéniioh edsedtotygtofdquancyitragsittioss, hralyto utegrated circuits

these high frequencies. Such applications can include
corpRS S TP EREISII®Yui prent, such as nobil e radio

communi cation base stations, satellite comrunication

equi pnent, nobil e consuner wirel ess devices, and al

appl i cations mhere frequencies in the Giz range are

used, gﬁgf

teIeconﬁgﬁggg E?% Fg§%€§%Fher %£E§§§€gw%H%g§1mnmesme
knd®ESBiCMIDS, prwepms have, SheWO))IOHﬁsfr forrtisi Highedidvdqueney opprghion, but RF-

Cl\)g(g%ﬁaﬁlt e nﬁr!fe glﬁlfag[e?ftg{‘ gﬂgle %ﬂg sy%??\qﬁé Bﬁﬂﬁ%ns Wﬁ%&e‘g&s AeSmainly

used T digita Bppicatitins anﬁmnek high éﬂeqt%tty MO@cngzudeslscr cdnéxd

. in the fO||0MAn Hg 6,.140, 687 and US 6,566, 1 § gchl

integrpes 8 the FARTEIRSRESS, it OLfory PANAR2g RSB gl ?%%P&%‘te 5 g chip

is rE&Lﬁl‘EH ?8r RarsUPPLiGKioRd. THE hlgﬁtf{eq@dndy BeHasioasl Mﬁdﬁdtﬂgﬂmoﬂo r

h frequéncy properties of MOSFET, i_.e.

traw@crrwge th'iéglébﬁlécuﬂté gy g ﬁ%@lderwlm%%f&@ms?misen& tge layout for
| h

L R e e e P

mobr}a: ragw ctocrinmungcaupn bang|statignsy gatﬁhtgwommu@mwecmmn@g mobile

weyer r
R e R
eqﬂeﬁnyﬁﬂheﬁmunmdshfmbanamngbﬁkggtdbch@ﬁchﬁbyﬂmn@KHﬁﬂhDCS

OB 18 g i Eiv el e, g T8RSy A Fiow power
corlstAPESAre kSughh ErRlts &f dRimitethe highdrdgter§ opdrijion ¢fRF-EMIIS and

integration (2) Low distortion characteristic
other devices are described in the following.

US 6,140,687 and US 6,566,185, among others, disclose that a drain and

source layout in the form of a comb or finger structure is advantageous for high frequency
properties 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 MOSFETSs 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):
€8] High integration

2) Low distortion characteristic

3) a High gain and high efficiency
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(3) High gain and high efficiencyHowever, when a
MOSFET is used as a device for a high freqguency anal og
weigwa099s he MOSFET is | ess advant ageous i n severaB2005/052050
characteristics: (1) | ow transconductance (gm, and
therefore | ow gain. Wen the gurrent Id is constant,
it i's necessary to increase L, nanely, a ratio
bet ween HRRvaAvBenh UGSEITIsub@l Gatdvice figtahigh frequen@ranalog
to increase a transconductance Ig agz Lower cut-off
signal dheMQSFEtis lessadyaniagenye ftsp Ve ‘;P@ 8 Sequency at
(l)V\’hl ch th&y @I‘dﬁsrcgﬁﬁuc%b@(gb?%ﬁ&‘%re%rewgiuﬁ Whep fetcheaal, is
to transconductance gm and inversely proportional to
coratagtyihinfiecessgatte 4W@W/bawa@m andie tegeeearike gate width and the gate
lengt?tl&j)é e%lton cRRAC t%ﬁl@go%d aric égcordl ngly, a cut-off

r-can Fove inply by decreasing a
(2)gate | elIg)t\xl‘e:r tut- c(fBﬁrequan@efT Tmmquerrcya& tsrtkmﬁreq;tew Hahighcthe

a | arger transconductance
curpeat B8 ok, S BBPEE Y P erameuore s it
pro?§ﬁiohz{1@$ h Oiin bf £gueREWct bapicitahbeCl badly @ﬁt@-)drefliirﬁapablﬁanae Ced-
requency at_which the power gain becgrres 1,.and is

Acprrgmely, aeutpifarceeresi sunbrgpeeycd smply 8% dpersinga; et L
(3)R are Sig %sleelB o) ﬁ?an%s@?ﬂiﬁ%é REAE tranebndudtah& g, and smaller

smal | er. her ore, In a I sposed in a
gate;mw@mt@ Bpaid ShulghrefSFS@@Q@Rey IC, a finger-shaped gate
el ectrode stru S f n
@i g 1 ¢ diuhey LA ANGR G Rk ATRERY (R 5 Mooy
whidhnbe Saiee gahdbeédma busd ]S[highelSBdl dare reiSstenckR), 288 7 sourpe tgSistance
pat en 66, 185, there ower

6, . .
Rs ilI’F awg tlegtag ag %sogm in lyztaﬁlf:? fsals Ry erﬁlgaﬁg%clln eaSMOS.FF,ﬁ disposed in
a c8veRfdraCHighWefhency IO\ Gfingdt-sHABEdIERe Elactivdekiridvine s ddopted for
constituted by an interdigitated el ectrode, and a unit

improwing thege bigh HeaAusngy ARpractsiStesal i ty of unit cell's each

nmade up Ghdht udAd £ e SRR if Srop&scadd BS SN0
each ot hjglﬁm%'lzg\r] obét?lg}lnﬁéa rlggéeeout ut, ' ?mp el (rilher k

In USipgteht @b, 183etharenip elrovara FE g@rerélraémt%@é@p&lﬁéultra high
%@%‘El & %‘Fﬁjl dor cea[lgg}ﬁuitpﬁﬁfe‘?§ rk chhg)"iﬂvﬁuéﬂ 19(:&sﬂfutédl'b%f an

ong gate finger | ncreases
intérdiitgad electaxiesamlmmltancpad@igiyaadmsglhg glpluraly 0€maifcells each made
aracterjisti,cs als kno roma paper
upﬁgﬁﬂﬁghgﬂBéPdﬁﬂgc? 22 gggf "A record high
150 Ghz Tdebtaih @ahrg Gﬁitpﬂﬁ; th@ ﬁh@eﬂlﬁi’l@lﬁm&l the ngiberiof fiager electrodes
i ndustrial RF-CMOS technol 0

arey igreaseh ﬂaﬁs%hwczrs%ﬁlrrga BERte afﬁ*yl PEts %Vél()ﬁ%n%lg s‘fkg‘{’%(%’l‘c’é‘ long gate

finger increases the gate resistance and degrades high-frequency characteristics.

It is also known from a paper published at the IEDM December 2001, “A
record high 150 Ghz f,,.x realized at 0.18 um gate length in an industrial RF-CMOS
technology”, by Tiemeijer et al, that an optimized layout can reduce gate resistance to
increase f.x 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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i ncrease frmax whil e keeping RF and substrate noi se

| ow. The layout includes a folded structure, a shared
wdnreieropo®msnd a p+ guard ring. It is al so known PComMB1085/052050

pat ent 6,376,866 that a FET can have conb shaped

source and drain el ectrodes t9 reduce an ON

resistance. It explains that 1f the conbs are forned

deck@a§dsnBe Rathuat h@fuefdyag®ptagat. Meraddess thiat it idsdigesteded keep the
are interl eaved, then tﬁ

Si rface ar ea
cominghapedselectigdes aPRE sp Hah et t‘??ﬂb‘gfb%%i g8 pet ween t hese

el ectr oqdes shdiaf BASE Bate klgﬁllitqﬁ&{ PRRAA 4008 tﬁ?ﬂXﬁLﬂﬁﬁI\s layers of
frequency of operation. To address this

wiringyge bt eskdtfor m surpdy Beastin 8 n@mé@ld@web%(? é‘d @‘@H%Fp%ng@nsity

at ~th o not interleave. It is show in US
andtptg?ref"tre &t °m‘§‘taﬁ%% 2002/ 0140089 that nultiple |ayers

of mﬁrlng can be used for power supply lines in a
sem conductor 1 C, to reduce current density and
therefore el ectrom gration. An object of the invention

IS to proavésect ofhcavedtiapRas piouﬁlempmemqﬂmauAmmedm@,
to a first aspect, .the_ invention q ides a
i

Aceqrlias o 2 firhaspe¢tothe FR¥FRIRP RO des & %E%?Cé &én“%%ha& B3 sate
ele&b% Q}c]lape @g?ﬂ%@ RN hEEs R REIREIRS, fifdeRasTiBe &ﬁnﬂ dheped drain

ain electrode being arranged to be
elecﬂﬂ@lblema\aedngﬁdtt% b¢ mﬁg@pv,edomth fingesinfkesoarcselacads, thepgurce and

aénn%iecﬁ{odeslf’]lg Vﬁlg éé; &ﬁl\{ bfq% ?’f#!ﬂﬁéaping bRy Hifererdh

elng erent
diftbirdukt eties theriﬁﬂtlplé 1ztylefs 'rm ﬂnaml ieintaigitated With tlm siureeielpctrode.

interdigjtated wi.th the souyrce ec
o ovi de L FRgr oVt Bt RSpuEtorf HeRiRand Bk OSET. As well
aFeTrtem@t‘éndéﬁ{hbreaa‘ie bt?}l\tv@)&itﬁer,f @ﬁﬂ&tlﬁ@ apectt hethe layoet, to enable
t
mg@ﬁr;mex?ﬁ'ﬁzga%aaﬁéw%ﬁ%h@%%}a@%afspﬁﬁﬁ Rl e capaciance a

in-30d 5&?%5@36 k& al fb\éxeﬁktﬂd@ﬁble RRnesialdst skaldGdel aGRura design
i n- d out put nust be kept as | ow as possible, so the

rulbsasonuchsk cpgssubleu £ the ﬁﬂlnnhnnéetbe TN} PR R COReqtions to source and
drdl ssh Eltn%'t b %taaglﬁ)o%{lﬂﬁ n'gﬂ%'caéenﬁe ?&@nsﬁl@g b¥doBR too high. This
conn 1 ons

O source an rain s d not be nade too
miglrehiseasréach bheltctoamegretnm design axes. denS| ties becone too

hi gh. Thi s, m ght use, a breach .of. el r t

design r Iﬂé%l.n%rﬁvel%ﬂ@'ou%crchén&% %ec}ﬂ englgé c}?%{ﬁhg p?e lla%‘ﬁs are not
idenflY2 Bult ©4h bel dpgintizddttd bbt&r hesgeths c@’rﬂictmgtdetrﬂ&dl of load pardsﬁltc

can be o timzed i tter t the c %ICtI ? 1
capgpitangs PP TRE2] filﬁa Yaniase &F (o STGR! GBS PHRORHRd e Bbicpte
lﬁggyantage of low current density provided by the

mul tiple |ayers.
An additional feature for a dependent claim is the interleaving 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
further.

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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An additional feature for a dependent claimis the

i nterl eaving being reduced for |layers further fromthe
wqQavws/e0mst rode. This is one way of hel pi ng opPCWIB®05/052050

the layout to reduce parasitic capacitance w thout

| osing too nuch of the |ow cuprent density advantage.

An additional feature for a dependent claimis having

shorter AhdiEehaditional REr&KEer spirke W tHeeombrsBipetdTehcd@hia or source
el ectrode. This can heI{‘)3 reduce i nduct ance_. and %Hr.rent

elegteqdlsiexipnding ovapart ghiheigate clgires Bon layers edetfthe fnderisagng s
redﬁ@{d@AgginttTﬂ? PN Rah@VdaPtitateel Al Sl §RMERGy. Thi s can
el p €nabl e reduced parasitic capacitance. Another '
addi t i onsmotheratlditienal featuneisithe gat¢ elastradg hafing eomhykape. This can
closest Lo at | ect endi ng across
helgﬁ%dz C%ﬁ%tf’é stga%%%aendg)ﬁﬁsﬁlé Cégagg? iis can hel p reduce ON
resi st anssotburetidherddandiltfeanalis the ghtarckecirededbesypi dvablefsided.
the conb shape of the drain or source el ectrode
extendi ng over part of the gate electrode for |ayers
wher et hyriehdhemnbigiasy di i dptibilnged cafB@iged ks thadgnch @liditional
reduce capacitance and current density. Another . .
meggd diver p dngtheafthp féngess beprmepmalley adspigler B eARCin Db
. i I t I stance and
b S R AR St ronal
1) f eat ur e Optinmisgiogdoemiimemrcoprsitpusienty dgetpeeredieliog in migrleaving,
ach netal l|ayer, an optinmal |ayout can be used, such
hat each additional netal |[ayer the length of the
2) fi nger s OpioREHFOENIKhuaisteshalrteat dendihies mesduct pohdiam fingers,
i nterl egving can be arranged .in a n er of based
by Byfaons A AN B P e b LR cpamten RS Rfraures
or S{EERE InphEBbCdurRhts] Whild gl theamp HE re@idnidhts QP LS Aiigration
for mninmumlateral current densities in source and
rulef-ai n fingers, by a nore gradual reduction in
i nterl eayinRgss,ddi §r tRAAVERRR!ifclOREHREHLRA AEuil @RRIbile wireless
t enper at ures gr at higher input bias currents, while
dewités| dompeising thy traneiston god metheds of wakieg wich frensisteys &F ingagrated

. ru{ es. O her aspects of the invention include
Ccirculls. . . . . .
integrated circuits or nobile wrel ess devices

conpri si Agy dhike tdditirsiakfeatures aaa beredrhiios] togethalend gosbioed with
an}tl (r)fa t giassptegtg.SOt?lgr a{d%rﬁggegtw?l bS iqup%lflein & those skilled in the art, especially
over other prior art. Numerous variations 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 the 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

nvention,
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Any of the additional features can be conbi ned

toget her and conbined with any of the aspects. O her
wadvwrneyses Wi || be apparent to those skilled PATAB®05/052050

art, especially over other prior art. Numerous

vari ations and nodifications ?an be made w t hout

departing fromthe clains of the present invention.

Ther ef orgg. 10 shoWeulcthshectibiemrskNenttiidebi5ih Qdpreteat the Atount of

form of tﬁe present invention is illustrative only and
interécarigg of peuasrdd drn pf slaodevice o of the present

i nventi ofjos HRWnl NE sRfWESRRLpdnaMEH b9 RediBls RE efBbdiBAtS of the
~ effect MAF| now be descrlbed by way of exanple with
inventicax ence to the appended draw ngs, 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 nmaking a

known devi ce having a doubl e sided gat e Figs 71to9

show stages in naki ns vi.ce. ordin

cnbod nebte BPeEhE OB ALl BherEeg L iravaet & sl
embB&iteA ahd with helRhtLtofcartdh Hmmeg@rtﬁs e tinvehBorailBONEmiddd thereto

|nterleaV|ng of source and_drain of a known device

buteply by he claims. g diavingrgiisaded agsuhaichemeticad agee%anlaﬂ%mg In
thel @hw ?P% éﬂ?erﬁt‘%o% offig eleﬁ*}éﬁﬁtlﬁzg/rbe kRGP &ESAnot drawn on scale

i nvention wll be described wth respect to particular
forelfmmwmmrsosam Where hn ind¢@niterne definitecasticlaisised whwhigseriyng to a
smg}lgr IIIOQI\lllequt_ll'e' ‘gﬁ} g"\%n 'Egts e'ld ('g}ggclﬁlglgd%m aﬁlﬁltapoﬁﬂgt Jl ¥le§’s s'bﬁlgténng else
is spedficadly-dtited.t i ng. I n the draw ngs, the S|ze of sone of

]Eg(re ?: |e lpr%l’%{rpn% E%Pﬁ%ﬁéﬂ%? rs%}ﬁ)g ” tﬁg{‘ﬂ aﬁlcﬁ%%? F(% tge g$scr15‘tlon and in

thetl@4imB) dr& uébﬁtfblcdlﬁ:lrigﬁlshhﬁg Ge%aﬂsmﬁlﬁﬁélém&gs bl 1@t BbdegakiBf for
noun e.g. "a" or_"an", "the", | udes aéglura

dessribng AsearsaHaL |c%@§01§51ﬁ%1t0ﬁq1eﬁgﬁ @ﬂg o be g csgierd thitdhg fegpms so used
aresl}@}c%gn eElHl% tuh@él‘%?%l% rlétg' SirduBlsiBicdsl A8 that %Ce%ﬂﬂdmﬁéﬁ'tsrd? the

and the ke In description and in the clains, are
invggtéah dasqm@déaptengm striahly of eperetian injother saquencesihan deseribed or

sarily for describing a sequential or
ﬂh@ﬁ%ﬁﬂ%?%%ﬁca| order. It is to be understood that the

terns sonmﬂmmaﬁmtmnsemnhQMgeahbeumhmemi&p@kopﬂmaﬂewnmkm

{
ond G TS ReGRRLPT Bt REF gL Poar o0 DL BBy Scleay o relftve
poSitiiR ItSEQURNBAS stbb@ihatiBs eiinb &sluge are interchangeable under approprlate

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. Mreover, the terns top, bottom

over, under and the like in the description and the
wobheiermeoms e used for descriptive purposes and ROT/IB2005/052050

necessarily for describing relative positions. It is

to be understood that the tergs so used are

i nt erchangeabl e under appropriate circunstances and
eledthdt 30 eaeaoel theadtive afeal TR dctivieartasc tidessdes bDexdh fiapeiof the

are capabl e of operation in other orientations than
gatggleptFqdg can Bnction <t SOUICE degdt Wi fraipEegiat o be noti ced

that thepf e fhows QMR cshdigtive 1@ A1, R o BRtal lagbi Bdded R@podlide
not be interpreted as being restricted to the neans

elegtiosleedD, t5A derecphnestiony to thfpgate andttheiselatioeriag prcthe bylk of thesubstrate
res@%ﬁ%&?p&s is SIS intlﬂg.afﬁ gQ@pra&{] Fﬂ%e 9&95 oﬁ@andadégiﬁ\éég‘?&ls, a

rrsing neans not e

secad/candsctoe ayies M2n g gombtgl laYerpibnps)ﬁ@ﬂmoﬁmombokhB}ed ISDurce (60) and

nmeans .t hat h.res t.tot re t ion
a7 5 R b SN ERE e By el fE0 Pk ofF ¥R S kg drain
and/‘@%uﬂfelﬂrigblf g’ﬂbl ﬁiel o mmirl]@plé hegembhadisne dé@east gite Fsfseaned)ayrce

S. to show schennti c plan views, |or showi

res’é‘?@@?ﬁﬁﬁl g ggain éfiﬂﬁﬂnge B¢ The M‘WW i W@Ct& B)rrtgg gate and
bulk 55@1@@ &odRLE1ca) Bk B %ﬁuﬁé@exﬁ@&ﬁ%l&%ﬂﬁi@ra&@ﬂ l[ER o@t@ﬁj necessary to

aln electrodes, to which the invention can
makpih icoehectBms e illustated by the sedopdmeiah lavegM2iin 3@4 aﬁrélliicweg}al

layggsugsgj?crh rgc&%ﬁtllo%%rll)glé&tg t{l)(%l nqgfgu‘?n active area 10 of a

, Surro an ‘isolation ring 20, and a
conb shdpgd4gatehivea sntmhie ai3hgkment! pldn vigws wihich dififeri iv éhat the

o 5 A BEER  F  l9E coe o
each gdfe&ﬂd@trb@@ﬁﬁ)g%r sdhto decredzeatt@r fi é@ﬁveﬂ:@iﬂ date tesmanbayg r :

M, e.g. netal |ayer d d | ectr.od
50" 1 o7 e/ BeEF SRES SHE SpsredE gttt oS earr

1nc§érasetdhﬁleki’ﬁ{hﬁnﬁ nbieFi NP’ AtieicRIRAC Thetelok, i ¥SMOSFENHMRing a -
, over each O Fﬁese source reg|0nS and drain

layp@tgwg@oreaﬁ@é@émsh@ﬁmﬁnaeﬁv@ iy fggsdble fgpretagn the tofpliegte width
corlg cz I}%)E Ihe %ﬁ*gﬁmpflorﬁﬁfgfé m%q)ysiﬁ&géé (tﬁé)ﬁuﬁbg of fingers.

T ectro ngers |nterle§
each si ok ﬁm‘t embgditent afitlgreinventienglligrateddn Higs. Bled hows an

exa&lang? %égogv &og]?igct}vggf?e g tme%al(iayegs}ﬁ\/lt.% Iagcll E/Ié’rf éaﬂgl?frf& ﬁ%%ms 881965p0nd1ng

ance,”’ source resi sta
refdéﬂdel’huﬁesdlsﬂoamse oRHBligs Thie 6tare béeayised Mppﬁ]pﬂuﬂedﬁg 7 corresponds-
ntq@ts to the gate and bulk parts. To be able to
clof %0 ¥1ged-r equirements of electro-mgration, it is

of ten nempegsar ¥ tHid d&ﬁ&ﬁuw %Qgc RI20E ratybms ifgiditb prsideaidple
by the second neta to 4 parallel nmeta

|
layprgg spuscawidcdraiaretecEentey éﬁlﬁ)b 18R4T |Thys IPXFé ﬁtfifeé%fromm By Btjithe fingers

of the electrodes are shorter, and the spine of the comb shape is wider, so that the amount of
interleaving is reduced. There are other ways of achieving the reduction of interleaving. The
widened spine of the combs extends over part of the gate electrodes 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 electrodes (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, e.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
wdaosleo®s ded. Thi s means contact portions arePOTABI0A&52050

at both ends of each gate electrode finger so as to

decrease further an equivalent, gate resistance Rg. As

a finger length of a gate electrode in each unit cell

be€fmdsRfatlérang sshér. THis bit&igeas@ds ad b}ﬁlﬂﬁkeﬂioﬁﬂmﬂ ﬂﬁﬁlhlﬁ@m lateral
Figure NFmn is |ncrease Therefore, in a

cupigaidgRpity I sRPERR anfidrHN HBEES. ¢t hipdy IEMPEFAtUESs GPd é‘rhlgl? W@létr@as
cutrbntd thet@RSHDY &nlsAI nRleAhB réq'ﬂﬁeﬂn%ts%f Q&S -MofHtidn rules.

const ant, and decrease the m ni nrum noi se Fi gure NFm

by incr ehlsﬁlgfg 10 telhy ﬁb@narafoffhmg@r@othm Pospibte arrangement are
shgxgr? g V\}ggtgéﬁll &13? ée@t;(( to\lfva{c%(%??, uts, tﬁ(%tgﬁqlolc ﬁlo@n ? gatg woflld be at
thd latymrrSOﬂ‘e!Bclmfdhédé FegumesdMuttipie ]hymra\Wy ﬁﬁhrth@gap@ml irepgesented by a

sk B A iop Boek a8 smiretth Sy Be soure

eldctrfde. @lock P26 tegpresnts @ niultigl€llagered tlﬁﬁﬂ M@Gtroﬁe BlotkeL 1@ represents an
| ayer is laidto Browde mul ti | ayered source

argasd n&@%ﬁaﬁmé o Epgeilthe canpshepes) In 51 U §3rebe gpy fhat ge layers and
thd rgmf\@teﬂgav‘iﬂé?&o §di€ndd é@ %r1§ye%fﬁ1ftﬁ‘§ Rineiedem lfig €1 it can be

orter he spin t'the conb shape 1s wder, so
se@rhtaet thhlsyersraushthe efeaiof tnéﬂeemg Ag change &t uevses funthesfeonathe gate.

h% re%\rl(\)nf“@éﬁ'f' 891];1% %Ctplé gl%é {Jﬂlh& h:?tﬁ,gﬁgty&{e af QISQ%’VCE Eéagéslrt @%\gg@%iectrode.

Tlﬁsh&e@atr@lueécbtotzemdn an anetmpdiate 1afer.tHighangarsofurther from the gate
interleaving of layer, M. In Fig.. 9, a further. g
clgBRiRIESF 0 RIS T F g 2w Bk U i wpip preeses
foi Kighe Byers€T1ES bir@emantds Wh bftinyiedtioh st MBmine depdcit@ite between
an amount of interleaving of the fingers of the source

souiqe kst dipih fmerst A seistigm Fobeu@factorhvih respect &pibR guoGHt is
achiB&pRONDs are wi dened and the fingers shortened so

that the spines cover nore of the gate el ectrode

fi ngers. Fighkd $howan sieildr grasheactipmgleansembodimend ghich corresponds to

Fl%jzlt# b Qﬁkﬂleg%g&% 6p\{1‘13'r11 Biod for Ili%uuil e%l C Sntld%ﬁ@ttyhTﬁg can lead

{ hger ebecones rsmal | er a
to abemfig efabotit 4 ﬁlcngmptateml&amm lderiscty wﬁhmem@m tb dtegrmk art and at the
cur.rent in.source drain h
safig B PP o AN B FAHG PR VB O AR Pt 8 be
achlll%x?dﬂlSInSth@ lcase@e iz‘eﬁu&ﬂﬂn@@t’ceﬂéﬁe@ s @epite peuidR4l] Backing zero at the layer
el ectro mgratl on rules. In Figs. 10 to 12 a sunmary
fuighest 5o thegptesletiod- possi bl e arrangenment are shown

schemat i ggd T!réﬁsisﬂ)r %E&?cﬁné%%&ﬁﬁnéﬂfs dhike hrase@tinSention can be
Although not shown, 8ate woul d be at the bottom of

implegteniof using & eramgple €31 Mﬁchmqi%' Iy 80 smAdd()Stiechrelogewith a
lo@-%tc%pﬁaerr%ackegé ?es.ge rg(;elg v&}ﬂx £32.9 and a dual Damascene Cu process) the
electromigration design rules are complied with by choosing the source and the drain
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.
wahowko@®28 represents a nmultiple |ayered drai nPCT/IB2005/052050

el ectrode. Block 210 represents an area of

interleaving of fingers of the conb shapes. In Fig. 10

it can be seen that the layers and the area of

i nt er | eaNiMOSARvRE dEABOR thiefvaly AR Snéinbhek-offriRueeS fr as
ate. In Flg 11 it can be seen that the | ayers and
¢Rh

highns 13§81 The ANPP dansisiers gan bhussed & reahize alighly iptegratad pixed
of

e dE PR gPi ol S e b TR (OCF ThE M Ied Ry Ferdbics
imptoezemcm‘.si & pomrer gala rfetathe s-M@efrenddstero zero at an

I nt er medi i ghe r

gate el eiﬁ tg%}i 1S 05 \(/:aén gle%on-lf\/%é?% nsTc'storlflaI?lgE g i t{/}gelg @e‘ilt}leM?sS unit
cel et a0k @hit SEllicaReoftath aalmanlfer whpaziilel pae fiagas chroactdi fgckmboth sides

| ayers i s arrange IS n 0
an%‘%ﬁ‘ﬁ‘i‘ﬁﬁ?‘l?g aé.rtngr?fsl & ﬁe blagh 16 F@i‘/ %{Hﬁ ﬂ?:?r i?%%l%%‘}nsdeﬂgn
ruBs fiRAVGEEE 2 hinahekbniec! @&lR malle Widd? thRIRE/iniin@ml RSign rule and

prior art is achievable. Fig. 12 shows a simlar cross
reafized inodifferentametelipesd rerchigrd xdesiset drogpareRt lev! pvgel unit cells
caflge @{&ﬂi lg)g!glﬁglsent s an optimsation for mni mum

at

rrent density. This can lead to a benefit of

about a T acbrmlucE asrhab dear deberibad pleave, GeRE i plyl offeettfransistor has a
e tosthe art and at
o 3Rk B R bl ol Yl briord Rt MR LR Rlpea
drhih beiRE SrragRd I&Ebamtvrlem.wd}nﬁﬁgarsa)f tleeswuich eleceokdes the(snuroé and

R TN T T RN .

be"ﬁ?ﬁ&éﬁ' iR BachayRENE ShdPRN finiFatio SpapticRE Iy tfor BWESkdsi} c@ﬁi&ltance
I mpl enent ed using for exanple CMOS technol o

Wl@f@uhh?ﬁwe%ﬂte@éiﬁ%ﬂl&?ggf lgw epront fi@wtk Py jsisd by ﬁ&dﬁ%ﬁﬂle layers. The
m&ﬁeﬁnngﬁ%%dﬁ@etdt?opfa erg f\ﬁ‘th%f‘ ﬂoﬁ tﬂé'g?gte Q@&ﬁﬁl@ %9 %a@ﬂg shorter fingers.
process el’ect romgration design rules are
Tlman@ctletdlmmteﬂemgmg@s|ongmt8h@fosmmmmamacltﬂ@0@ lbaijarsteeper
ercon c ‘
rep QUBh G R B BTy Pl RTHET SR bt A 8 ingers,
byeade glrz&iuell sduttio irpinckridavifp This dae exdblecoiemtive @t higha temperatures
rements of elec rom'. ratio t he. sour ce. an dr.ai
or g Rb B 135 SurRtsa A PEf R AR BB SR o Rghon
rule@ the fact that alnost all available netal |ayers
have to be used for soqurce and drain _connections. The

parasiti & iﬁ:‘a’ﬁ%ﬁdinfi%?ﬁ@éé thabelthersh ristrred empadigierts specific

cohbtAREESs H%oﬁﬁ’g%&atf%ﬁs a@‘@(feﬁsas Hﬁ%ﬁhfgl lﬁwplﬁeéne(ﬁ%bsrég hﬁlléﬁl for devices
amount of i nterl eavi ng he neta ayerS further

actordimgtitthe @aassxtem\@utwm d’el‘lNS Nmtg@evn me@ﬁd@@mg trel@rm and ¢gtajl may
be mé’deha Suf’ deBé’r'tE‘nE %om s sé)opfe aIlJ ?p%'te& s Jveﬁ‘f‘on
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hi gh as 150 Giz. The n-MOS transistors can be used to
realize a highly integrated m xed node
weBnHknalwg/ Di gital systemon a chip (SOC). ThePCT/IB2005/052050
opti mi sed | ayouts enabl es i nprovenents in power gain
for the n-MOS transistor. Thegtransistor can be an
n-MOS transi stor having a triple-well n-MOS unit cell
CIEasig:unit cell can contain a nunber of parallel gate
fingers contacted fromboth sides and is surrounded by
aring of well contacts. To conply with the
el ectrom gration design rules the source and drain
i nt erconnect can be nade wi der than the m ni num design
rule and realized in different netal levels. To
achieve a desired drive current |evel several unit
1.cel l's cap el afegshsistorpaviag h ghte eEotradenC00)dend @mblsasped drain
been descri bed above, an RF fi Id effect transi st or
ang| seuree Qlegtiodes, Bagsroafthe semb indemedrEpgedinge igrleayed with
ﬁn%kl%%tf[h% 81§rce Bl'e&ﬁﬁi%sthé’godr&ean‘a% §1|3&R§13 43 mbRipRayers

rrange e Interl eave ngers of the source
(180,826 B@déQ) i emsmuro&@eanr@rlmvaigrbemgegffm@@teg diffoyen gnes of the
nﬁﬁ’l ¥%% | ayers (110, 120, 130, 140) . An anount of the
HPI&MY€%vi ng can be different in each |ayer, to enable
opt|n1zat|on part|cularly for low parasitic
capaC|ta e MAt | osing all.the dvanta
2-current ﬁ@ E?‘ﬂ? 9 aﬂ’ébj 189 Yl e f’l T'p% Eedf‘lge ers. e %H’ers further
frdMiRIdaRYdchBdd. S T educed for |layers further f romthe
gate el ectrode by having shorter fingers. The
reduction in interleaving can be optimnm sed for m ni num
3.capaci t afgeya i oS LRERPE hatifd Hﬁﬁ‘ﬂepﬂn%e?s i ETay @A Wiriher from the
or for mninumlateral current densities in source and
gatired¢atroflé-ngers, by a nore gradual reduction in
interleaving. This can enabl e operation at higher
tenperatures or at higher input bias currents, while
4.stil | me@hé ngnsishe of elgim i corert suoof ofshelayers havigg ae interleaving.
rules. It is to be understood that although preferred
enbodi ments, specific constructions and
5.conf i gur Thé eRSistaDivRIh 1ahe Mdrkaviag of thodaser tlesst to the gate
di scussed herein for deyvices according to the present
elgciodnexstending Agrqss sebstRuMlec eHIGRHPf i cations in form
and detail may be nade wi thout departing fromthe
scope and spirit of this invention.CLAIMS: 1. Afield
6.ef fect t thmga@tsmr o slaim d, axsnipstof the eomth e pfithpgraings gource
el%c%gg% %Rn%ﬁﬁ% APe d @Jﬂﬂe yél‘é@cro%le e&i1h )%g?@hcgg 'tI{éQEtreﬁeanfng is

rain Belng arrange e interl eaved

rethiceth

7. The transistor of claim 1, the gate electrode having a comb shape.
8. The transistor of claim 1, the gate electrode being double sided.
9. An integrated circuit having the transistor of any preceding claim.

10. A wireless device comprising the integrated circuit of claim 9.



fingers of the source electrode, the source and drain

el ectrodes having nmultiple layers (110, 120, 130, 140),
wano@moewes of the interleaving being differentPCIIB2005/052050

different ones of the nultiple layers. 2. The

transistor of claiml1, the in%@rleaV|ng bei ng reduced

for the layers further fromthe gate el ectrode. 3. The

11t ransi st @rmélflo(Ikl)ffii'lamlril%1 Al t@ﬁ"ecﬁ llﬁ@ﬁs?ﬁérdfldl\ﬂ@ﬂhs steps éffBrming a
€ gate el ectroae

s further from
oty v, GO et et G 401 SOHBY GG e Ychy ot fngers of he
coﬁzﬁ\éhﬂﬂd '?192111'1 the%tlsﬁéh\éé({]ﬁnh neckD8f ﬂlE %ﬁb@él@cﬁro@é thﬁhghédltlonal
iI'nterleavin ayer closest to the gat

layerseaftthoshare)ané dmum@ecamd%@vmbsdlﬁmemeﬂmcymt hfem@ri@avm
gate. 6. The transistor of claim1, a spine of the
conb shape of the drain or source el ectrode extending
over part of the gate el ectrode for |ayers where the
interleaving is reduced. 7. The transistor of claim1,
the gate el ectrode having a conb shape. 8. The
transistor of claiml1l, the gate el ectrode bei ng double
sided. 9. An integrated circuit having the transistor
of any preceding claim 10. A wirel ess device
conprising the integrated circuit of claim9.11. A
nmet hod of making a field effect transistor, having the
steps of formng a gate el ectrode, form ng conb shaped
drain and source el ectrodes, such that fingers of the
conb shaped drain are interleaved with fingers of the
source el ectrode, form ng additional |ayers of the
source and drain el ectrodes having a different anmount
of interleaving.



