WO 2007/136556PCT/US2007/011207 EFFICIENT TRANSISTOR
STRUCTURE CROSS-REFERENCE TO RELATED APPLICATIONS
[0001]This application is a continuation of US. Patent Application 5 Nos.
11/524,113, filed September 20, 2006, 111586,467, filed October 25,
2006, 11/586,470, filed October 25, 2006, 11/586,471, filed October 25,
200‘9’ which applications claim the benefit of U.S. Provisional Application
Nos. & 6/(55 7, filed September 13, 2006, 60/824,357, ?‘FE%@%{‘BM‘BH
1, 2006, 60/823,332, lliad on August 23, 2006, 60/821,008, filed August 1,
2006 and 601796,568, filed 10 on May 8, 2006. The disclosure of the
above application is incorporated herein by reference in its entirety. FIELD
OF THE INVENTION [0002] The present invention relates to
transistor structuregrpnehErar ¢ ARNIGRYHEY tQtrapsistor structures with
reduced chip area. BACKGROUND OF THE INVENTION
[0003]Integr FHGERE BRENEE A RN ER LRFSHEATHHE of
intercorpoectdd tremsistoplicafbe {sapsstuisuationothicd Srcb#teie ppiisatine
5 2Qbder¢RpRRqE dibVesREmNER LD loquOidf e aB e CircobBae BN sotis!s

U%Q?ébfawtfﬁéf%%m%“%%m @49%e953698&1f&évt§50&@o§'r\94€m
waf er After roces Inge ?lg;e%rg CIl‘QUItSt at are fat}q‘é’s""t‘é é)

WgPé)r al"hogs caal}a e dllsr%nal Hc(:‘aa!ﬁnaccom mo ate
s e e B e i s

Rédadngitigesti28, S0Pkl GRIBa1 268 HadidtepushitROMR ey BOT 2H.E6R. fiag
10 help teaiesllinm gy elisdicide: off the Kiegsaigslicaintis Thiarportted, lsleins

anineisasrd RuBetiefintegrated circuits or chips to be made on each
wafer and reduces the cost of the integrated circuits. [0004]Referring now

to FIGs. 1 and 2, an exemplary tran stor 10 30 includes a drain 12, a gate
14, a source 16 and a boﬁfﬁiggf S EMYE% Por example, the
transistdPa®2In Fie Presant NNFOB"P(&?BE’EO‘P IFReYRtY Sl tssTie

15 bguytit8lasconnewstbtsithctgeansithk6duseshchimare®IG. 2. WO
20071136556PC11/1152007/011207 [0005] Referring now to FIG. 3,
the body 18 includes @R S E MR GG RRentact tap 30 The

source ][ﬁ?é]éfd d(?s an rtn‘ re |onn§nd m Pﬁ)lnclude] %%ontacigg mber of
drain 12 %ﬁ%i ?eg I d°m8$ clige 4 con?agt 3
Adm&ﬁam%.wg'm be T iR G RERIeSGHhglements are
20 interconnected in various ways to provide desired circuit functions. It is usually
most efficient to fabricate multiple integrated circuits on a single wafer. After
processing, the integrated circuits that are fabricated on the wafer are separated
and then packaged. The wafer can accommodate a fixed number of integrated
circuits for a given integrated circuit size. Reducing the size of individual
25 ftransistors in the integrated circuit may help fo reduce the overall size of the
integrated circuit. This, in tumn, allows an increased number of integrated circuits
or chips to be made on each wafer and reduces the cost of the integrated
circuits.
{0004} Referring now to FlGs. 1 and 2, an exemplary transistor 10
30 includes a drain 12, a gate 14, a source 16 and a body 18 or substrate tap. For
example, the transistor 10 in FIG. 1 is an NMOS transistor. In some
circumstances, the body 18 is connected to the source 16 as shown in FIG. 2.
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Stransistor 10 as indicated by "..." in FIG. 3. [0006] Referring now to
FIG. 4, the body 18 may be repeated between sources 16 of adjacent
transistors. The body 18 takes up valuable chip area and increases the
size of the transistor and the integrated circuit. Additional transistors can
be arranged on one or more sides of the transistor 10 as shown 10by "..."
in F\!v%'zf)‘hﬁ/%lsﬂ\éMARY OF THE INVENTION [0007]An integrated circuit
comprises Hhifst source, a first drain, a second source, a" '%F%j&%omm
arranged between the first source and the first drain, 15 and a second
gate arranged between the first drain and the second source. The first and
second gates define alternating first and second regions in the drain. The
first and second gates are arranged farther apart In the first regions than
in the s@eeRfl regisnsinPRERID pibetfenilsedy asvplisidisy pteregiBaghds
aran ecua”eég%tﬁﬁ?éff@%e;%Qnﬁwé‘\ES{,P@éws'm@a&gl'a%um@ssrpgnm
are arranged in the first re %13_, wggrr‘%h% is an integer '{;?rggter tr}gau%eé R
i AR B FEP BN Fraalt AT thre8 ANT Tess tharrsaven. The
irfepstaarcRtuitdsiicaastapinaity v R ERIGRed AR B elstliesintiiGe
PiéOSBtvansistongicBimel RyWwelt 8ub§Irdte contacts are associated with
respectjggoanes réBrirasinassr1i2h [D0A8 Badythe niegisespshrdriegrated
Clgsu}agg%%%%%a%e?m%&s%g% :ﬁaa%%wr@ta@@ @awﬁﬁﬁe@.ﬁwsmfm
second source and the second drain. secqon ird gate
aff‘e"ﬁ?ﬁﬁﬁ*‘g P58 %)L}?}% ?&a&%ﬁtg.r "é’?é‘?o%’%%ﬁ%%if _'rg%%es §?§ﬁ§éﬁ§l
afFARRE A R AR PR IR TNt ANG PR GBFssiAgh Sh i B Tl dishown
300010 i@tdbther features, the first regions are arranged adjacent to
the fourth regions and the second regions are arranged adjacent to the
third regions. The first goghflney estonsa maluegriwell substrate contacts.
WO 20045 3pSORE LY ERAP B 20IA0 I R DAt dg! R

megrabd Cleut CalTbTecs proving & isfcouiee. piovdon s st gt
PPN UL Sl ot T80 gE R g A i fhe first source

IrSt gate Between
M deSRAONE 9P ﬂ;@dﬁﬁé’ gégg(esﬂaﬁ@él@t g@ﬂﬁé’éﬂ the second source. The

first and second gates define alternating first and second regions in the drain.

The first and second gates are arranged farther apart in the first regions than in
the second regions.

[0008] In other features, a well substrate contact is arranged in the first
regions. Alternatively, R well substrate contacts are arranged in the first regions,
where R is an integer greater than one. R is an integer that is greater than three
and less than seven. The integrated circuit includes a plurality of transistors.
The transistors include PMOS transistors. The R well substrate contacts are
associated with respective ones of R transistors. ‘ '

' f0009] In other features, the integrated circuit comprises a second
drain; and a third gate arranged between the second source and the second
drain. The second and third gates define alternating third and fourth regions.
The second and third gates are arranged farther apart in the third regions than in
the fourth regions.

[0010] In yet other features, the first regions are arranged adjacent to
the fourth regions and the second regions are arranged adjacent to the third
regions. The first and third regions include R well substrate contacts.
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the first drain and the second source; defining alternating first and second
5 regions in the drain using the first and second gates; and arranging the
first and second gates farther apart in the first regions as compared to the
second regions. [0012]In other features, the method includes locating a
well substrate contact in the first regions. The method includes locating R
wel 0 contacts in the first regions, where R is an integer
greﬁ&%ﬁ%ﬁ%& R is an integer that is greater than thred And" T%gs.@ H&h
seven. The integrated circuit includes a plurality of transistors. The
transistors include PMOS transistors. The method includes associating
the R well substrate contacts with respective ones of R transistors.
15[0013]In other features, the method includes providing a. second drain;
providipgoa#hirdpaareative priiingesont gatsaeinna tompacanstaliaing

O IR ASUENBINGIE AR AL FEo y§g&m%§@ee%@enﬂ%mrﬁm
gates; and arrangjng the second an [ es.are ar I

R PR (e BT d B ageatad A Sl hdRcen
faBRUfES, HEMBIOtNERRIES SFUIRGngRfNar A RSBRIAY JGha: BSRRS
foagihnegicns dm teingdbe ficst@gibpecatifhgetasiend @usngingghenfrstrard
fiesicand Hitekregiass ipelivde Fhwealssuastoate @oniaotsireddveth iseuond
ir}tg@g,t;greater than one. [0015] An integrated circuit comprises a first

rain regiatLl 2V NG AGIARNEL i BRIAAG|IRT.ARANG-HS a RAPATLSIHE

and foufth source region ve a generally rectangular shape and are

aﬁ%ﬂﬁ%ﬁ'%d]hecgfﬁttbggla%% oﬂﬁ\ee ﬁ\%?‘aﬁjﬁ"!‘é‘g‘% ﬂ.gﬁ\a%%ﬂe rgvéﬁ?nsfjsgs_trate
afamgels Beibritrrainns, WwBethE had BRIF GEABIREE Rfonsdhd"
thietfigst drainis agesterRitgt, Sveermhdhass dnehfeavensubverintegread aircuit
reginnsaL pirang efiadiasen, trse tRekssasithadiiat naDSGepgisdrs. The
[0QL61l iBshieaLes.ihe MistraiPashainird anilfon s cuspectesionss

haye a length that is substantially equal to a length of the drain region.
%5697%%356PC171182007/011207 The first, second, third and fourth
source 18gi5Hs nERNeTIRAN RS e AR IRUATDINNE ArReeRfra:
regioyidb e iidilsabtheifiesn HecernrdnthieHERSRASUIR senand delioreliing
appKEaaietyienaerliatbthe: wisfibrel thenfirshelrageaegiend 0BT itestherd
fealligsing BRCQBELHRINGEHINN hasa A8N&aHYed farther apart in the third
regions than in the fourth regions.

[0014] In other features, the method includes arranging the first
regions adjacent to the fourth regions and the second regions adjacent to the
third regions. The first and third regions include R well substrate contacts, where
R is an integer greater than one.

[0015] An integrated circuit comprises a first drain region having a
generally rectangular shape. First, second, third and fourth source regions have
a generally rectangular shape and are arranged adjacent to sides of the first
drain region. A gate region is arranged between the first, second, third and
fourth source regions and the first drain region. First, second, third and fourth
substrate contact regions are arranged adjacent to comers of the first drain
region.

[0016] In other features, the first, second, third and fourth source
regions have a length that is substantially equal to a length of the drain region.
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5 rectangular shape and has one side that is arranged adjacent to the first
source region. Frith, sixth and seventh source regions have a generally
rectangular shape. The fifth, sixth and seventh source regions are
arranged adjacent to other sides of the second drain region. [0018]In other
features, a gate region is arranged between the first, 10 fifth, sixth and
sevw&@(&gggg% regions and the second drain region. Fifth and sixth
substrate contact regions are arranged adjacent to cornefs GPHRE @ Ad
drain region. The integrated circuit includes laterally-diffused MOSFET
transistors. (00191A method for providing an integrated circuit comprises
providing 15 a first drain region having a generally rectangular shape;
arranging sides of first, second, third and fourth source regions, which
have a:.6c865aM, IBrtaaaal EhanrcadigrrRtHa sidan@h thet kst aian a
region: &R0 & IR IR LRACREWNaRN NG ImRkSeeansh, hird and feurbh
source reﬁglpns and tpoe ,flrgtt grg}%_rhe %‘né a%%r{ nging grr%% se%)nd, third
and 1o RSt P oA egions ad}'acen_ 0 corners of 16 Tirst
drain refi8t7h [0t oAthebiFaES L Re $2A0TirEF2 KL ABRIAN RS dhPRSGHY
soentangafosisaha\anc Hepgite thide ihalibstuancely adjsed ot thentig! sdurne
draigisegiemn[ hexiit singacuBahtiaiscres delgionth feoudr ce degieny hestargular
wigthdbat-ipdegmthae melth ol ibedbistdraigicrgian Thengddthghbe: o

first, secand, third and f I[h £9 source regions is approximately one-half
thé’ttb‘ﬁaﬁ%% ﬁ&}‘ first ¢ r%%gréem're i 0021] In other features, the method

ion.

included 29?8k ging 8H§’%f8§t%'f’ﬁ' S0BI50"RIaN L EIENIRRIRRTHERhe first,
gefibragiyicrnd YRS IsapEedaRieeh £RS! the RRACSSUAEINTERFNT: ahifh and
arsdiigisgpfiftiate Steiitash degne ritte soEmmg: degiggremvivicivmared ternaredyd
reghapgusyishaperadjategiatecotbaiumidesiohdbe Imesandditaiad 3MEsFaT.
The,metiaed includes arranging a gate region between the first, fifth, sixth
and seventh source regions and the second drain region. The method ..
oS sloink B oS e R LR BBt ng

coRHERt YRIWEDOFPAMAG BBR RIS R840 8P R% LSRR Adish.
Theehwesyrited airduuriblsderstategigsditftise dave SFeenerahsiseiangular
[0@R3pAN-ategrates cidesitatomprisas adinstadial) regmgilg\ingade region
SYBURRILS §RaRRICRSHA IerskhAReRIHroLaRBiAtanshyestigaheervarings,

A 5 first gate regi fir P du 3 B regH
A g3 O SRR, LG PR AT, LG IR e

haBYReaHdP SRIRERRLIEITS IR ¥¥%scond drain region. A connecting
gate regk99¥BnndetotrRs firstuns dBeofatgarsradiohid senrsfyiftcerurce
regiyicis drean godratiatbehtste s thiabneqsit ook tieadits el degiorgite
sequadigissteginnrraclagAsnnetigregions have a width that is less than a
width of the first drain region. The width of the first, second, third and fourth
source regions is approximately one-half the width of the first drain region.

[0021] In other features, the method includes arranging one side of a
second drain region, which has a generally rectangular shape, adjacent to‘the
first source region; and arranging fifth, sixth and seventh source regions, which
have a generally rectangular shape, adjacent to other sides of the second drain
region. The method includes arranging a gate region betwesn the first, fifth,
sixth and seventh source regions and the second drain region. - The method
includes arranging fifth and sixth substrate contact regions adjacent to corners of
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10 gate region. A second source region is arranged adjacent to and on
one side of side of the first gate region, the second gate region and the
connecting gate region. [0023] In other features, the symmetric shape
tapers as a distance from a center of the symmetric shape increases. First
and second substrate 15 contacts are arranged in the first and second
5 539{9[585 The integrated circuit includes laterally- dlffu%%%l)\/llfousmﬁE
tranS|stors 24]In other features, the symmetric shape IS a circular
shape. The symmetric shape is an elliptical shape. The symmetric shape
Is a polygonal shape. The symmetric shape is a hexagonal shape.
20[0025] A method for providing an integrated circuit comprises providing
a first drain region having a symmetric shape across at least one of
hmézgewnanqrxwtw&enterﬁaeﬁt@mwn@raxfirstugaﬂesre@iemwmm

fi ounds the first drain region; providing a second drain
b E%‘.@
on av

regi he symmetric sha rOVIdln ate.r Oing a
i GAALL, AR ETRE S Bl L Dok s FecfoHling
cEMmEEifg %heah ﬁeaﬁﬁga@é%é#émﬁrﬂd'ﬂ%% Caly %%@Bﬁ‘acaaﬁ%f'}'éegﬁoré
afiahging radiest wuadistatiians dbjheerewodsitieolrd sealidedinnh & s dte
region sébRsassmbgtaniegiosnapel thesecombgtiegate regitw; fasicshape
a"t&%@Q%@:ﬁ@%ﬂ@@&%@&m}e@&ma%eﬁﬁ@oﬁﬂg gRORRsiHlecdhsite vé

the first fg%tie = '%t igﬁgoaldf. @L?&qeg@ammgﬂag@gumms 3R

region. aturest symmet ic sha atapr}ds s a distance
tr

frofh AR SIHE P&f'}ﬁ é'r;%/ﬁﬁﬁefﬁ%'oéh a‘beé TREPESSEL (Rt %Osm}%c "
MeBtIEOIND TP ES3ER (ST U ARSPEASIERAEt 90D 98 29 §1 R
artisegothd St graderegintadts inetmmdirgaigngsiccdnd dhereemeginastdtpe
intggiated circuit includes laterally-diffused MOSFET transistors.

[0027] Inggihg" TERUMRS @Qt&éé@’ﬂ?é%,ﬁhﬁ&ﬁc‘%ﬁaﬁ&%ﬁéé%oﬁ Hleafce

SYIImelng S@‘?‘%‘? ﬁ]ars! erﬂP‘éeStsﬁa D T SYMEEINC 3 a&%r\ﬁ Qubstrate
fygona‘f shape. gy metric shape Is a hexagonal shape. 028

Arﬁ’?ﬁfé”g‘ﬁat’é%l irepmecoi Hr%é?'nPgﬁaﬁaﬁ%‘&aﬁaﬂa‘?&{?ﬁ%&oﬁ?ﬁé{) Rg'a®
getie ipdedesrgiekalishivect VESEEIORMEIR®®hird source regions that
have a geossplly ieotaagetiuskaie, spnereit thieafiess socircgaesjiapeis Tt
E.@P:Gﬁ&rhﬁéﬂéw firghsigslpacl ipdbst a6l spraReidraBgegioapapddie
sec't})nd aqﬁ elyrr%%g%gghaep%%g @&gﬂ@ng%gdjacent to second sides of
con

the |sta rain regions. A fourt rce reqglon Is arra
adjacent[?8%ﬂrd AdBetrdierprey'ding aakiieg %ra%‘?%%%ﬁ? %sfeﬁtﬁgovﬂdr‘c
re@idelsOmimRAeNRADeR fYTAURIHCSRIBROREFRSTIR: ARt SBEdd'eaRT!
regioh seAicghtesregigress providing a first gate region having a first shape that
surrounds the firat drain region; _providing a second drain region having the

symmetric shape; providing a second gate region having the first shape that
surrounds the second drain region; connecting a connecting gate region to the
first and second gate regions; arranging a first source region adjacent to and on
one side of the first gate region, the second gate region and the connecting gate
region; and arranging a second source region adjacent to and on one side of
side of the first gate region, the second gate region and the connecting gate
region.

[0026] In other features, the symmetric shape tapers as a distance
from a center of the symmetric shape increases. In other features, the method
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15 arranged between the first, second, third, fourth and fifth source
regions and the first and second drain regions. First and second drain
contacts are arranged in the first and second drain regions. [0029] A
method for providing an integrated circuit comprises providing first and
second drain regions having a generally rectangular shape; arranging a
20 ‘%sg aeuce region between first sides of the first and second drain
regions; arranging second and third source regions adjacent - S8¢sHY
sides of the first and second drain regions; arranging a fourth source
region adjacent to third sides of the first and second drain regions;
arranging a fifth source region adjacent to fourth sides of the first and
second drain regions; arranging a gate. 25 regien between the first,

SpeAstRkEndRr RANGhATER 0l ceregiensastibienfines aRd saaotond
dg%mggﬂlgas&nd, %@1%3%9@5 %Qﬁ%ﬂ&qg@'@tgwgsﬁd&@%w

second drain regions. [0030]In other features of the infegrated circuit and
R e first, second and third source regions have a length that is
substarifi@ffleqifapPtses isetuesgthcormenaiet 8hant re fiGHR fkerein iife
fartimatis fifthrsoisree iptieal Ishepea |digtinthatatsieyshaes thah prleearal
tasRalenNgtinosihenbitet enshsecantigindegians. The first, second and
third SO;U’@& egigRs BN first and second drain regions

2007/136556PCT/U52007/011207 less.than a width of.the fir in.
Skt £ R I el TR iR ) 6 Ecre
DB N PBRRIAI RFLATRHAY oY Wer O aTEi, T R TRTSFRP RS
fiferaund orbMReASTETE TifoRPhdia vt atereepnEHrdirsrasianseesdine
draincodraadthinh vewcsizedinas iargrastegdiaararaitn recdrdisidon efchs
Sipest Bhe ssadnCarinCisdiine oNeo0fitA sogriarshien e anthagetiragatant to
Shﬁip(?siggg &J LA EQ %‘%E%ﬁ%i@i&@%ﬁ Ar%m%@rqe@% is arranged

cross-shaped. The first, second and third squrce regions include source,
coarﬁgg g.?%]go #Qt%‘%%fs‘”zg%& ( %ﬂ_drese%)ﬁg éﬁg] tﬁ%ﬁr%?'sé&cg%% and third
scHirRRIRSyRS IR NS iRy sBornd. ARE - Sarah a6 i seUiT FREIRTfand the
adiitiond| sesesg Wisereagidrain Fegicng steprd dain Gonactfareayanged in

adaiineshrawecshaaamegbtite fourth and fifth source regions. 0031]
An integygges| CiraUib aRBERBRlIEhGRA RREGRR G ARIRRARRAYRing
OSDSY 2NN LECIANGHIAN RS iy PERREAY R RV GRRISA =
h angular s h e fir

ave a generally rectan ape, wherein the first source region is, =~
PSR SR REAST e AR TR RSPl SRR (PRSI, R Aol
152580814 &PRPTHIRNYJFESRUETEHEUPERAAIFREY ‘A et fiFe8 ribesitRls
ofahd firsoatdisitoagiahstinregiing . sAftwuitisewgec cegiopondigeanirig daird
adjarenbtonbiftsides ckiwdiratandagonn dadtaiging giofith Asdbtscs oagre
reg@ﬁé\:&@f&%@%ﬁ’ Qﬁ'@_%@ﬁ% ARpRsRf Hﬂﬁ_rf irehRRG.; %@%Q@iaate.
reglons: ALBAIS RGN srrandebetyean e itk asrendodiit e
anc $ifth durce re ions’an the Irst and secon drain re lons. First
iR BT A LB R S AHABRITR e AL SRPERURE P
redisriisst and gggaDd dsaiEBgs¥Sor providing an integrated circuit
compris¢eopadvidingfirst mathisecointiel alirgratgibnchiivang enefbner iy first,
regtangulans hRRe sairea giybadirsiveouNeRgIRGIRA Redumes-tiEst sidasiab a
th%ﬂg’iﬁad?%eﬁepqafméﬁw% FRALANG 38FAN ARE LBELSUERSs
re%'é?v%?’aa%%‘%%’lh%‘% Regad sides, of e Irsh %:‘%ns‘?ﬁ%'?qhdr% M4 98eond
arranging a fourth source region a acq_ent to t |rdgs|_des of the }lrst and
ety ‘FEMTediBRIEERTIRG ATHTCd SRR IR BaIRYENT (B LI
sides of the first and second drain regions; arranging a gate region
between the first, second, third, fourth and fifth source regions and the 30
first and second drain region; and arr&hging first and second drain
contacts in the first and second drain regions.
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WO 20071136556PC171.152007/0 07 [0033]In other features of the
integrated circuit and method, the first, second and third source regions
have a length that is substantially equal to a length of the first drain region
and wherein the fourth and fifth source regions have a length that is
greater than or equal to a length of the first and second 5 drain regions.
The, flrst second and third source regions have a width that is less than a
width bF RE iRt drain region. The width of the first, secorfHREFHHIPE7
source regions is approximately one-half the width of the first drain region.
The fourth and fifth source regions are driven from sides thereof. The first
and second drain contacts have a size that is greater than a minimum
drain contact 10 size. The drain contacts have one of a regular shape and

A QuHal RaPSs tRDGrsl ainic AHRALS e Wos of euiang, se6saRaHtRmiaNd
CIOS%s Shag%ﬂs e fir xirést%wﬂgqa%mg a%m%g ﬁgmdm%ga@um

con%acs e |rstan second raln re an%an érrse()?ecpn nd third
3ndsfuet?1er

SHIHER AsidRe ?Pé’%ﬁafﬁﬂ'@&ﬁnaéeﬂrs comprising
a8BRRHH A AWRONIASES RVE A R AR HiBhS efeéﬁéétﬁ% E?Hénaf'th%rw‘ °°"*a¢f
adaiiordier oveinstrantactm bavktheefof ahreguafifthapeurpd msgideslar shape.
[Ofidhiintbattdegiarskapitabteahbgaiaresentiresiapedvilirhe dieme

2RDASRARAMIRS AR RS HRS HiRlRD MX@&Q@%@'”@%M& sheuwisbbsy
understoqd that&he etalled d scrlpt 0 and specific examples %\/mlgﬂm
t

indiRHISS A0S prefth fred empodimen 2 iRven fgrr‘ls Sre intert c?

pUiPBoRRe BrberifaPdsiH %Vﬁﬂ%"ﬁ?é"ﬁ’& HREFRR TR IR chb!ee%sft
thenmpé o 2BfieRIDESGRaETIEAC T foyhBrRATIINGLCe regionRs)
The pregaoginveat onegidtegod gt morgfishy firstl erstostdrondtdie delaiied

dmi@iang@n&me @e@@mangméi rapisgsevdnaraii 2al@Q361EdGedidas

a%%'#j asgm%% 9%@& g@ &l smur?ﬁstge&er@még,w is
accor othe% r?rt O 7 FIG electrg]aérs mbollg nd the
tr SIS It s3irge! gatg a'ﬁs an 03y Which 15 connected 10 the

SCRERNE g FSYFe pﬁﬁ@P%Frta'ﬁ)fO@?Sﬁﬂl6dl%ci’§‘hi‘?e3€’é’ﬂfﬁa?r'9“]§)?66'i‘%f
théritaarsissecamid-d@irPregions. A fourth source region is arranged adjacent to

third sides of the first and second drain regions. A fifth source region is arranged
adjacent to fourth sides of the first and second drain regions. A gate region is
arranged between the first, second, third, fourth and fifth source regions and the
first and second drain regions. First and second drain contacts are arranged in
the first and second drain regions.

[0032] A method for providing an integrated circuit comprises providing
first and second drain regions having a generally rectangular shape; arranging a
first source region between first sides of the first and second drain regions;
arranging second and third source regions adjacent to second sides of the first
and second drain regions; arranging a fourth source region adjacent to third
sides of the first and second drain regions; arranging a fifth source region
adjacent to fourth sides of the first and second drain regions; arranging a gate
region between the first, second, third, fourth and fifth source regions and the
first and second drain region; and arranging first and second drain contacts in
the first and second drain regions.



according to the prior art; WO 20071136556PCT/US20071017207
[0039]FIG. 4 Is an exemplary layout of multiple transistors that are
arranged in a row according to the prior art; [0040]FIG. 5A is a first
exemplary layout of transistors including a body that is arranged in the
source; 0[0041]FIG. 58 is a second exemplary layout of transistors

Inclydi y having edges that align with the gates in plan view;
[0042 2‘%%%2%% second exemplary layout of transistors iRclItHY 4 B&dy
that is arranged in the source; [0043]FIG. 7 is a third exemplary layout of
transistors including a body 10 that is arranged in the source; [0044]FIG. 8

10

15

20

25

30

is a fourth exemplary layout of transistors including a body that is
arranged in the source; [0045]FIG. 9 Is a fifth exemplary layout of

transist@jgaiiclugdingrReP achh eatdirs RRaREkY RSP UrkembRIONARIM(:,
1geic§o?icf 5%%?{%3& tjs%rﬂx?clzél il%\gic%fs%g\%l g%e“&fﬂslﬁgqris substantially equal to a
length of the first drain region and wherein the fourth and fifth source regions
have a length that is greater than or equal to a length of the first and second
drain regions. The first, second and third source regions have a width that is
less than a width of the first drain region. The width of the first, second and third
source regions is approximately one-half the width of the first drain region. The
fourth and fifth source regions are driven from sides thereof. The first and
second drain contacts have a size that is greater than a minimum drain contact
size. The drain contacts have one of a regular shape and an irregular shape.
The drain contacts are one of square, rectarigular, and cross-shaped. The first,
second and third source regions include source contacts. The first and second
drain regions and the firs, second and third source regions are arranged in a first
row and further comprising N additional rows, wherein drain regions of at least
one of the N additional rows share one of the fourth and fifth source regions.
[0034] Further regions of applicability of the present invention will
become apparent from the detailed description provided hereinafter. It should be
understood that the detailed description and specific examples, while indicatihg
the preferred embodiment of the invention, are intended for purposes of
iflustration only and are not intended to limit the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The present invention will become more fully understood from
the detailed description and the accompanying drawings, wherein:

[0036] FIG. 1 is an electrical symbol for a fransistor with a drain,
source, gate and body according o the prior art;

[0037] FIG. 2 is an electrical symbol for a transistor with a drain,
source, gate and body, which is connected to ;che source according to the prior
art;

[0038] FIG. 3 is an exemplary layout of the transistor of FIG. 2
according to the prior art;
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according to the prior art; [0047]FIG. 11 is a plan view of a sixth
exemplary layout including well substrate contacts; [0048]FIG. 12Ais a
plan view of a seventh exemplary layout for 20reducing RDson;
[0049]FIG. 128 is a plan view of the seventh exemplary layout of FIG.
12A; [0050]FIG. 12C is a plan view of an eighth exemplary layout for

redyejngRRsen, 25[0051]FIG. 12D is a plan view of a nj @q)iqzll%gy
layout for reducing RDs8,-, that is similar to FIG. 12C; [0 f . isa

plan view of a tenth exemplary layout for reducing FtDs" that is similar to
FIG. 12C; [0053]FIGs. 12F-12I illustrate other exemplary drain contacts;
30[0054]FIG. 13 is a plan view of a eleventh exemplary layout for reducing
Flpson; and; WO 2007/136556PCT/US2007/011207

[0038] FIG. 4 is an exemplary layout of muitiple transistors that are
arranged in a row according to the prior art;

[0040] FIG. 5A is a first exemplary layout of transistors including a
body that is arranged in the source;

[0041] FIG. 5B is a second exemplary layout of transistors including a
body having edges that align with the gates in plan view;

[0042] FIG. 6 is a second exemplary layout of transistors including a
body that is arranged in the source;

[0043] FIG. 7 is a third exemplary layout of transistors including a body
that is arranged in the source;

[0044] FIG. 8 is a fourth exemplary layout of transistors including a
bady that is arranged in the source; ’

[0045] FIG. 9 Is a fifth exemplary layout of transistors including a body
that is arranged in the source;

[0046] FIG. 10 is a cross-sectional view of a PMOS transistor
according to the prior ar;

[0047] FIG. 11 is a plan view of a sixth exemplary layout including well
substrate contacts;

[0048] FIG. 12A is a plan view of a seventh exemplary layout for
reducing Ropson;

[0049] FIG. 12B is a plan view of the seventh exemplary layout of FIG.
12A;

‘ [0050] FIG. 12C is a plan view of an eighth exemplary layout for

reducing Rpson;

[0051] FIG. 12D is a plan view of a ninth exemplary layout for reducing
Rpsen that is similar to FIG. 12C;

[0052] FIG. 12E is a plan view of a tenth exemplary layout for reducing
Roson that is similar to FIG. 12C;

[0053] FlGs. 12F-12! illustrate other exemplary drain contacts;

[0054] FIG. 13 is a plan view of a eleventh exemplary layout for
reducing Rpsen; and,



[0055]FIG. 14 is a plan view of a twelfth exemplary layout for reducing
RDSon: [0056] reducing Rosen; 5 [0057] [0058] 10059] television; [0060]
10 system; [0061] [0062] [0063] FIG. 15 is a plan view of a thirteenth
exemplary layout for FIG. 16A is a functional block diagram of a hard disk
drive; FIG. 166 Is a functional block diagram of a DVD drive; FIG. 16C is a
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funglignalplack diagram of a high definition FIG. 160 is a functional block
diagram of a vehicle control FIG. 16E is a functional bmcﬂ%ﬁé}‘gﬁﬁ“gf"&
cellular phone; FIG. 16F is a functional block diagram of a set top box;
and FIG. 166 is a functional block diagram of a media player.

[0055] FIG. 14 is a plan view of a twelfth exemplary layout for reducing
Roson;

[0056] FIG. 15 is a plan view of a thirteenth exemplary layout for
reducing Rpson;

[0057) FIG. 16A is a functional block diagram of a hard disk drive;

[0058] FIG. 168 is a functional block diagram of a DVD drive;

[0058] FIG. 16C is a functional block diagram of a high definition
television;

[0060] FiG. 16D is a functional block diagram of a vehicle control
system,;

[0061] FIG. 18E is a functional block diagram of a cellular phane;

[0062] FIG. 16F is a functional block diagram of a set top box; and

[0063] FIG. 16G is a functional block diagram of a media player.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0064] The following description of the preferred embodiment(s) is
merely exemplary in nature and is in no way intended to limit the invention, its
application, or uses. For purposes of clarity, the same reference numbers will be
used in the drawings to identify the same elements. Additional transistors can
be arranged on one or more sides of the illustrated transistors that are shown in
the FiGs. as indicated by “..." In the FlGs.

[0065] Referring now to FlGs. 5A and 5B, a transistor 50 according to
the present invention is shown to include one or more sources 54 and one or
more drains 56. The sources 54 and the drains 56 include n* regions. While an
NMOS ftransistor is shown, skilled artisans will appreciate that the present
invention also applies to other types of transistors such as PMOS transistors.
Gates 58 are located between adjacent pairs of sources 54 and drains 56. In
one implementation, the gates 58 that are located on opposite sides of the
sources 54 are connected together as shown at 64. In other configurations,
however, the gates 58 need not be connected together.

[0066] T A body 66 including a p* region is arranged inside of and is
surrounded by the source 54. The body 66 preferably has a shape that tapers

10



15DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0064] The following description of the preferred embodiment(s) is merely
exemplary in nature and is in no way intended to limit the invention, its
application, or uses. For purposes of clarity, the same reference numbers
will be used In the drawings to identify the same elements. Additional
tran&;gggg; £a0.20 be arranged on one or more sides of the illustrated
transistors that are shown in the FIGs. as indicated by -. PR
[0065] Referring now to FIGs. 5A and 58, a transistor 50 accordlng to the
present invention is shown to include one or more sources 54 and one or
more drains 56. The sources 54 and the drains 56 include n+ regions.
While an 25 NMOS transistor Is shown, skilled artisans will appreciate
that te;RIEsQNtIBNAIMI0R ASasPRIE SOHENBbEP &S OhitRRiR Spibsas

P&é@%@a@sn %&%@ﬁéﬁtﬁﬂ%ﬂ&@&&%@@ a@é%%ntwstgt views
sources 4an ains % noneim Iemgﬂt tion, the ??s? %tar%e
o

oo BbSRe SRR MR oI Bt itan Sl

are onne

sEpeRshirem e eates i%ﬁﬁe}a?a‘ﬂﬁhéa%ﬁ?&(ﬁéﬂ‘/&‘eth%&f@%%ﬁ“t‘i’é?&‘t?&’

5 beligpandtbtire wajestieplan vigaes rckody BIGiFEd By wWiFngagion i the
agRagetiasidared aackds s eatydesl kysthbessail b thearhosyt&650 is
DE%B%&'V Q@Sc%lﬁ Bara thet ERRISHMHR transistors.  In the exemplary
2997%1 cg%l( LSOO I HZY 83 %&H&‘é&ﬁ% be?tt{t‘%ﬁ&h@mg%eort'on of

f|acent %ateslggcre é A\ ggEGI ;ﬁ:OUC or not
touch t &g!es EBHRITAL AN EWE SFHGE, %13\ PWor
10 ohedy GhaFestigus- ohﬁé%&dtheé’?ﬂaﬁ%e%&ae@éﬁ%wmegattéE@s"' the
pleeryisgdasraiydasital EI@peh ) Siikho agisbatanildnpBeiitmthatihetnare a
ORHRS VPl of ewdasug BB BHage kG .FoB bxBiyipit)izirg @ edfythesasom of
-+ the, §ORIGfhed IS dNGIDRLY RRe1161AYR i3Iz iRbIRR BARISLE! @0dStagon,

reduced as compared to conventional transistors. In the exemplary
|mp?ementat|on that is shown in FIG. 5, the body 66 has a diamond shape.

15 [0067] HEFERIng RERTHENSY. 18 5IGF78 Gk 9 eendBisR A8 sakReGranNgas
bouyte Ear ¢hehnavm clivs 61 G gethprevisy B ch apanreseniatt Snspandritrier
7, dp&rbonyhithgenaxaliyitethatisshapad. Skidleduacksansant t=popoesisitd is
thabifeiar s awislay 85 absi-60eh 8uwlighlpwiiapese EaheXAHRIS 98 are
C”SHL%JO%‘?N? §£‘8¥V”|H“|-Fé§9 a%b%ﬁé&«%%%@ %‘3 QIS RUBBRIE in the

20 SHEBESAROUGE a0 Plinse. an oclago eertcmﬁ o8| REIEITng N0 10,
FI CEng °TRe "tes%@ can be arrangedEa SHRCaS ey are closer
to&’e’fh‘érr%ﬁﬁh there are no contact taps and further apart when there are

contact {8p691n FRefeging Jmrcle difitati@p FAIORHETSINHt 18e dfeheihe
bothebransidasated incaitegiarpatherentirs agiacentgatesdteard 26catechin

faghehapash BnklG- r%gamdmmqu,gdhicm leataddshtas 206
25 Pod é‘? s logated, Qn”ts EO#%% rggg?e %é&'@ﬁeﬂ‘t%?ées%éératg layer

loCAted Tarther Apart ing NOW t0
tramsta?"f% t?épghﬁ’ﬁh i 't’ré‘]('@i's'tsofofﬁ%qﬁﬁlﬁd%éy 2% ﬁt’g REtattd 22 g

sofirceredintat?4 SBMs dhaircesiftaci" ey an goRel éﬁ%@w%ms}ﬂ%w
13rAgetivolrce Rontagioh2@s formed in the N-type layer 138. The P4+ region

136 forms the drain. The N-well contact 130 provides a connection to an N++

30 region 141 or N-well.
[0070] Referring now 1o FIG. 11, a plan view of a sixth exemplary
layout is shown. For some ftransistor designs such as PMOS and/or NMOS

i1
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25 provides a connection to a P+-F region 134 formed an N-type substrate
layer 138.. The N-type layer 138, in turn, is formed in a P-type substrate
140. The P++ region 134 forms the source. The drain contact 128
provides an electrical connection to a P++ region 136 formed in the N-type
layer 138. The P++ region 136 forms the drain. The N-well contact 130
proyides a connection to an N++ 30region 141 or N-well. [UJZO
Referring now to FIG. 11, a plan view of a sixth exemplary Fayou
shown. For some transistor designs such as PMOS and/or NMOS WO
20071136556PCDUS20071011207 transistors, electrostatic discharge
(ESD) is less important than other design criteria. Therefore, N-well
contact areas can be minimized. For PMOS transistors, the N-well contact
aiRAMRBrdRPRsSMRAR¥NGSAEEIDNGS e areeotaMMQ@S ttaasiséeisn
T@ﬁt&%’”%@?&@%@@ﬁ%@?ﬁ&c@%}@% IBROBENiRithgEe Ok oS

Ia out in Fl mipimi est e N-well contact are t source-drain
S RS e i SRR Ay 20 S SRS iR
rélht@E"RF’PﬁW§?Fﬁnsgf@rs‘°éﬁWﬁrﬂfaﬁlﬁ@ﬁﬁ@“a‘bdﬂﬂb 58 {rRRiiatrs.
[OUTLHiore, [y lavstibim FiGFI G, ﬂnim@sré@dﬁwﬁmntzﬁoa@%s.,aaﬁm
2Q0uedantactnedy gaialiregitsaos geateaiit)iare thefinedidabwderegoingce

regiofspdaf thided - PV gaAsidenllsrhiia!VprRibisies epiapsie 2diasd

/01]1207

_dr ndegigns 220-1, 220-2, . , and 220-0 (collectively drain regions 220).

Jacent ggtes 200-1 and 200 2 d%f ere ons 210 ha2V|(r)1 vglger W|dth
than adf'g H re oahl?‘ﬂ’é ﬂ%?v“fﬂﬂ" é roWe NTRRLOB & re'glgns 220 and

SHRIEE réRtaTEvEd QX e GRBI NS SIFIER AR BEMRRINIA LS SRR YRS
206gib[E0T2Greap<2of .t ansi SRS 180liddiveGairce ragihP 38t Xand drain
(crilpsiyebogrozms f (raasistars-B30) RmwaIjonead agisaecpidp eaghcent
Otea%g%dia_qem SRS eéﬁt%n?am» 2, a{wgs R Mff\lé/f%ﬁﬁnﬁﬁsaaﬁgengt
he .e N, reater.than e. e e
located \é‘vgenr}ﬁ ?%ongacent groﬂ%g roefgtcr)z'rafﬁs|§£)f\t£c§§rs c%' u|n regsc%r?ga%

wﬁé?é#ﬁ@%}%%%%ﬁ%?&‘@ﬁﬁ%&ﬁﬂﬁﬁb% fS 200-10073] The

source-vafiRlarea isGrMRRIZS diERpisioTyARM: IRor BGMiple;, e &6H FHeREY
mayiectivey 4roupansistensidie R3b)veed aontaeis 26R@ne prosade cbfber.
adiRRRRhOHRRSS 1B: RAIRRSHC AR AR HZ ADLRIHERRARR 268DwWHRRs 840k an
abH%%g&f 8%9%3 e AdiageH W%@&W{H&%&Bw Nevre%u,tse RAGEAG

can ocated in reqlons 212 where the gates ac coaer Eo%ether

In BIREPU FGYPI S G HRESSI8E it 18 SFPiiged S ové'e?rt%ge?h%a S mimimize
aré&?ﬁ?t’ﬁ@ﬁ%g?ﬁﬁ?; 212 without the RN-well contacts 260.
[0074]REIBTRhg NOw teTICe-dBN Areexdmplnipizieth-gentily layout forFor

example, each group may include 4-6 transistors. The R N-well contacts 260
are provided for adjacent groups in both vertical and horizontal directions.
Therefore, abutiing edges of the adjacent groups without the R N-well contacts
260 can be located in regions 212 where the gales are spaced closer together.
In other words, the gates 200 can be arranged closer together to minimize areas
of the regions 212 without the R N-well contacts 260.

[0074] Refering now to FIG. 12A, an exemplary high-density layout for
laterally diffused MOSFET (LDMOS) transistors 300 is shown. The layout tends
to reduce turn-on drain-source resistance Rpsen. The transistors 300 include
source (8) regions 304, drain (D) regions 306 and gates 310. Some, none or all
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30 laterally diffused IVIOSFET (LDMOS) transistors 300 is shown. The
layout tends to reduce turn-on drain-source resistance Roson. The
transistors 300 include source (S) regions 304, drain (0) regions 306 and
gates 310. Some, none or all WO 20071136556PCTIUS20071011207 of
the source regions 304 may include one or more source contacts 311. For
illu I rposes, not all of the source regions 304 are shown with
soﬁ%&ggﬁ?gg‘g 311. [0075] The gateb 310 define a checkeYBFPEPLREm.
Source regions 5 304 are arranged along sides of the drain regions 306.
More particularly, the drain regions 306 may have a generally rectangular
shape. The source regions 304 may be arranged along each side of the
generally rectangular drain regions 306. Substrate contacts 330 may be
pmﬂéesioam@qe@bm eoliersyohitieudraie reiine 306rad EHREERSIANS For
OANGELANBGSILEOHEC R oA DRIRAO SONALta I T Blapabe

provide d at'a tentral location within the drain regions 306: [00761Each
df’é’i'?\t‘?%‘élah 306 may be arranged adjacent to source regions 304 that are

commolPHid otHrAHECeUTSTING & RIS SHiecars PaREMp IBH R fReNs
arsd 364 ardFighdl aanglsides efithe 808nrebianssad soreepdsicuiayivntne
30éih vafbHaesdeanmayagion BgenardilfattagiaarIiapk shakesoltesrigicns
regieR30 4 iR Jbe LAl é@&i%@%@ﬁe RradRpiet3 o sharssdifs

%LerCe egs? atg%%r%act g%enq ralgers e%P gd acli?,l;ﬂg 2,9,1,8@ %QQhé dram

shares the source re 4-4"with raln ion 3 his pattern

M9 BRSr e 8 a Pt %%’é’mb&}‘é{ﬁ??eﬁ%ﬂ%e@bé Eﬁ’ﬁ)(ﬁ?’frﬁagﬂ ftH in
dRARPELSIGHYS BBE Ales rapevidedraiaraptaigrsationvihinieiainseginss
tird@s the area of each of the source regions 304. In FIG. 12A, the drain

regions 3@¢dpave a pigthdrainasgich s itap bel Avapguicadiagions 30drce

hayghwist (@abelpds ﬂn%'ﬁd\ﬁitnemr(%rd]ﬂm oFain %.@r@'%&gloa&

306 arén%%y havde gu stantl L}/lhglaa%len th as thes%%uqc% eqsotp}g sglﬁ(ﬁ;
o] t

The rain re%%ons may have %eater thgn or equal to two times

witr#iosr 32é-Saul éhPeaf@ﬁsrw 9673 RS TRG HbHPto! ST B S St
deoesitenl 30dv2 fitditeofgie tagiont @R RINGgISh@APr IDhREree drmasierce
334 gloasd 834~y Maiassgiciated-withdnairdgrg 306-3Chatantds8bBe
reRRRGHVRIX.SWRRTIALS £aRTaeiRbA30aS 3Qlacaiatbadineeidagiasts et
the%ﬁg‘:e ain | S%Il(% §§Q§S§O§ource contacts 311-1,

[0077]  Each of the drain regions 306 may have an area that Is greater
than or equal to two times the area of each of the source regions 304. in FIG.
12A, the drain regions 306 have a width "b” and a height “a”. The source regions
304 have a width (or height) “d" and a height (or width) “c”". The drain regions
3068 may have substantially the same length as the source regions 304. The
drain regions 306 may have greater than or equal to two times the width of the
source regions 304.

[0078] Referring now to FIG. 12B, a more detailed view of part of the
layout of FIG. 12A is shown. Drain contacts 334-1 and 334-3 may be associated
with drain regions 306-1 and 306-3, respectively. Substrate contacts 330 are
located adjacent to corners of the drain regions 306-1, Source contacts 311-1,
811-2, ... and 311-B may be arranged in source regions 304-2 and 804-4, where
B is an integer. Drain contacts 334-1 and 334-3 may be arranged in each of the
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311-2, ... and 311-B may be arranged in source regions 304-2 and 304-4,
where is an integer. Drain contacts 3,34-1 and 334-3 may be arranged in
each of the WO 2007/136556PCT111520071011207 drain regions 306-1
and 306-3, respectively. Drain contact 334-1 may define an area that is
greater than the area of the source contact 311-1 in the source region
3O4w70 {99 7lSubstantially all of the current flowing between the dram
region 5 306-3 and the source contacts 311-1, 311-2, .  BRUSTY B 8 The
adjacent source region 304-2 flows between a facing portlon 335 of the
drain contact 334- 3 and facing halves 337-1, 337-2, ... and 337-S of
source contacts 311-1, 311-2, ... and 311-B in the source region 304-2.
Current flows in a similar manner between other facing portions of the
depiimceaiand 334-3:And e tespariasks I{naiohawa}in athgrdadiacant
S%PJ&%&Q!Q At a0 204 3P%d - sourctO0SRLRSIRIINhNAY LBURES
é) h &r exemplary high-density layout for laterally diffused MOSFET
Hransistors 340 is shown. The layout tends to provide low
turn -on ?llso%ﬁ%‘é’i@‘f&ﬁ&é’ﬁﬁ%&‘l‘r’?ﬁé‘%ﬁglwgﬂ%gﬂﬁ‘ﬁérg%'ﬁpce
redfioids 88104 | B0urd Zontagi AW 1drdii fegiorrnd 533063 19f, thesaiacent
3Q6uik anglopades 3 10wshereh arfdcing imitiie s ol drfinicaolvs: 38d-
shoyma tadiPrteR AFoitiaanbandio e e s Ao eidBNE MaYbe, |

emp|0r¥oe %‘i mg ’tipéj ggu%e E OW%C%) EVC%L%QR”&o%Q4r§“§3é&QﬁAWﬁanner

source contacts 3 Orl US?r on OSES n of the source

TN B ST S RETIRECBL TR A GeLioth e 2o oL Sontacts
Sdﬂqlihﬁ’fﬁmdbgt’%méﬁ?ﬂé‘ﬁéegﬂ‘if‘%ﬂn§°4“Geﬁ‘ﬂﬂj 394 B, where B is
an integi®0eo] [0RE& e DsheewltndaRd RuresothgiorsSadaty Jigh-gensity
344yt fonndeddi- Qi anargeEThaineesy eassistbeokaons sbbdmairThe
regifng 306uaneh MAYRE duve By SHivarSndinte 3iidiancsd #h346-Rrhe

h sid
o LERgEl AL Ab AL ACNI BB 1 YA . By i Tiions
acﬁagéﬂt PeRs. of‘%ﬁé&sﬁ"ﬁ?@a&?&ﬁ%g‘i‘&‘?é%%@%ﬂ%aég AR

retfionsBe6rEIShANB06= 1R, 8Bl tioRa) fRftod faiMeragih S 56 (UM RS
draigyregiemaicped 1) Somy hante:asr alieef tihat ssugreateyidharet egyaintsutieo
tingsthe-arereiRackaf ieRAICEPBLYAS A SHHb ADHRLRRIENGIB04
3%&%& wn%ﬂr,a;% %%'%eﬁf .39 394§uﬁmed@nrés%oﬁ%mmdes

o el s R

25

30

In region
[o081] Other elongated source regions 344-1, 344-2, 344-3, and

344-R are arranged between rows (or columns) of drain regions 306 and may be
driven by drivers 346-1, 346-2, ..., and 346-R arranged on one or both sides (or
tops) of the layout in FIG. 12B. The elongated source regions 344-1, 344-2,
344-3, ... and 344-R may extend adjacent to sides of at least two drain regions
306 such as at least drain regions 306-11 and 306-12.

[0082] Each of the drain regions 306 (such as drain region 306-11)
may have an area that is greater than or equal to two times the area of each of
the source regions 304 (such as source region 304-12). The drain regions 306
(such as drain region 306-11) may have substantially the same length as the
source regions 304 (such as source region 304-12). The drain regions 306
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WO 2007/136556PCT/1152007/011207 (such as drain region 306-11)
may have greater than or equal to two times the width of the source
regions 304 (such as source region 304-12). [0083]Substrate contacts
347-11, 347-12, 347-21, 347-22, 347-23, ... 347-51, 347-52 (collectively
substrate contacts 347) may be arranged in some, 5 none or all of the
elo ce regions 344. The placement and number of substrate
conr%%sétgsoq /é% %%nay be uniform or varied for each of the eIlE)ngasté)?ng&ﬁrce
regions 344. For example only, the substrate contacts 347 shown in FIG.
12C may be offset from the substrate contacts 347 in adjacent elongated
source regions 344. Each of the elongated source regions 344 may
include the same 10 number or a different number of substrate contacts

3&9&%6&@&%& iGIoBSRIaE PRy IcREasRNS 4 Theqsb&lrals taBtasis
et ARay pe al a%@%‘?egfff%%&?éu%ﬂ%&é’@clﬁé?é‘?s Angaleg,source regions
3 ubs

include no trate ‘contact I her vari

contemg? 0R3. (0D HRSRFAN %%W?o%—'l 4036 gt% %49%%53,&?33

348537pN , 345-AB (PS"aﬁtﬂls'&w&tﬁafﬁﬁﬂﬁﬁegﬁgemﬂrﬁﬁm%ﬁssqf%ﬁ‘
example, 4l ot fread848ed\soBdS @31 84A3 Hmel BaEnednhaay benbearsd
bejureeneraiftrgin B30 Ardy? s driokfCor @GS 130 4dkR, dithdl cBDGaldy
arra&éé,% r&ans@vebr asae@d?are%%@s%%a&saﬁ e .

useful transistor,a r ex

areas ﬁ? ?1 4§ué§ t%dc 32{3 malg a%%% ﬁm'gci gegt%vgee%e
so’&ﬁ&‘é“?e@?&ns%ﬂ afz*“g&%g%*eﬁ SPYTCHEPIRAS 44 MY AR L fame
ImpieeRITRAbHEerans RUIPBB AL SHBRTAACONRC| 347 han Adiaeerp elogamess
3debitde . reghang [Baarranhgesibstsoenenmarie dtalnal the giweddoadiset as

3483k, Ibars dicrgatss e 45gibad 9{4hRasantiRideRicuBstal todadts,
- apd 34A:Re I%ﬁé@éﬂ?@@&ﬁ %iQdF'G- 120. The substrate contacts
25 347- 11 3 7-12, 347-21, 3 347- ...are
eIongatelg su stra:%% ?g'g"r ns?vézlo E éé c? Ig{\/}\{%’% gégo%e
Thd HSrdemanpiyids apeiy *@4'?'819' e&rsz 1F%f4er<%ﬁp‘§4*7f923ﬁfea~°rﬁ%§
haié, Bt BUEIAS less BHaémeayube toirddbetiveast thairsariion AA§idAs
304n(as Shosreifidnic3dRA), amh-a vadihithaadd 8ss-thanspeeityal tdemond
Wi%@ag ggg@? %@%r%w&%%-@@ ﬁ%vmdﬂdél (esd 2Bdtul transistor
(0088 Re%e”'”,%”or" 9 éGd 425, subslialg coptagts 83Q:1,and. éz?e%ﬁrs

provr dl between | alrso elon ate souirce re ions 3 géﬁ and 344-13

20 o RoARS DOSATSBRREDEIRIBI00T ot Ho0 DA 3o 40 2B,
respectiVi@885the @I@ﬁgﬁéﬂ%@ﬂ?@@?@@?@ﬁ@sﬂ@%ﬁ%ﬁ?@&@sﬂ@r@ dAfén
from2,087sid e 37 chidy 347345 - 1 Areand 184 6r2in Jeldeie | svmyatamsoaroall of the
regisdind e B8aamcEl4442Baredrzeainmsapoitensisauhy dsiens 3464,
181@'21@2;3.4.65%5 344-R, for example as shown in FIG. 12D. The substrate contacts
347-11, 347-12, 347-21, 347-22, 347-23, ... are shown arranged in the
elongated substrate regions 344-1 and 344-2 and tend to lower Rps_on. The
substrate contacts 347-11, 347-12, 347-21, 847-22, 347-23, ... may have a
height that is less than or equal to a width *c” of the source regions 304 (as
shown in FIG. 12A) and a width that is less than or equal to a width “d” of the
source regions 304 (as shown in FIG. 12A).
[0086] Referring now to FIG. 12E, substrate contacts 330-1 and 330-2
are provided between pairs of elongated source regions 344-1A and 344-1B and
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5[00871 , Drain contacts 334 in FIGs. 12A-12E may have a minimum size
or a.size that is greater than the minimum size. Drain contacts 334 may
have a simple or regular shape and/or an irregular or complex shape. For
example, the drain contacts 334 may have a square or rectangular shape
(as shown at 344 in FIG. 12A), a cross shape (as shown at 344-W in FIG.
12F‘Q,DCJW “g(,af shapes 10 (as shown at 334-X and 334-Y.in leoco%%nz 76
and 1211, respectlvely) a modified cross-shaped region ]fas S at
334-2 in FIG. 121) and/or other suitable shapes such as but not I|m|ted to
diamond, circular, symmetric, non-symmetric, etc.. The substrate contacts
347 may similarly have a simple or regular shape and/or an irregular or
complex shape similar to the drain contacts 334. 15 [0088] In some

ingplosReniationsaiNadapEes R SO GRaIaESBriR adtjites SAITR and
regiPB A e é’r?véwfws%% 4718 léygcrﬁ\?éﬁg éaan&%%@aﬂd%% thae é%d&\ed

some implementat |ons of the dr
CERHERR PP iy VYo AR e o B 20 S S B AR e
soBraedéetaBis 311-1, 311-2, .. or 311-B). For example, when B is equal
to 3, th@oaamanmmnmnm@wmzm@ma%% mAYdnevethapigimum size
appEOsi HelysgRater i i efialie SZénasain asematase sayitsre a
A0 a0 el b
Fﬁ é:ﬁné?ga of one. aéﬁ‘r'geac?gﬁ rengéﬁcf%é?ipé'géﬁgg %Q%E%@&L% As
th‘é’%iﬂ?ﬁ? AEAPSIANEBRLATS RN AL AV R & °(‘:’8Frespon lite
diainsheyiorrBeB-B\EIEIBAN s o d@F. andotRBr IRSRESYRN et MIAYTe
procsessHazat ackgirs alysinmpaet adj3GdRE regidts dRl)/ emdiuleribirgskiladle.
TQ@!@Q%&K% prablenmmed OuC gAY cleIL0 BIeXeHaPes-Fyhitasic,
Comacts g@@/@ tr%@%foﬁ{l.{ag'sﬁm@m&wnﬁa@m@mem t@smmape

0 Alternate e drain con tacts, 334 can emplqy deep
infRAF AHLSH A5 ?%‘é%% ?tﬁgp& (ETES R 5}6 <0540 ?RF@“S 853
20071159885 P O AormR GoRrmarseions, theaynPRs o PSR RANRIHE ina
plating dhecubgtoateap htoat BB thet &l amnepies theo e e leprstoasiy:
relieharqan imayrhenpiRyiiged imanpeoehathisidesrof theteouaree régiendddin
In Qa5 3a: é?ﬁlla%é ﬁ?e&éﬁn%% and:34243. Arsubsisalessiadiregion
gggﬁgg‘reb%og aegl in e (ﬁu 8] area, U HAPGALoANE SRRARIS, e

ion can be adjusted on an o% )OS fe side of tth rehe{ arga to
of%‘éﬂﬁ@%ﬁéd?%’?fh?%ﬁéf‘%é‘&‘?nﬁ"t&rﬁ BhiTBRBIERAR 5 Tent’
devrsitguial trdatinraine amga&@%a%@cﬁegﬂﬂﬁ%%ehr%b FeliefPardbsB-
[00®4R eiringuabwo td, FIBs dr8il Sonliath regionc83ng e regHHPR thal is
alsp havenathgrphapetiabeatubri I drirdninimiae KDBOMuRer contact
exgmpleg 1. drainregigns 348 can have a circular shape as shown in FIG.
o iples) IR S shOMRI VR L a0d 9sp ne.rgag&abéﬁama{aeﬁfe

Gate redions 91inc ude Circu ar S ate regions that are
coRPIERIBENE (A rflaR JERoRoRPR ARG ?éﬁ]@ﬁs'%’?é’z Hiilal e PR NS
ideriiied IMoFeSs Mav msingreeprimracipalasept repiorseaanin %@ng%aseﬁe
loceseghdnidhetbl putaleshapiovgatciibgetions336x Shapee iregiGas 13601 21
are logateahsr kewsien theBatesraiensRdBysuareasethrsithastaasnside

of e, gwfc@agﬁdcg&taec@g&r&ﬁé du%msatmwmmﬂsr below

ocate In the source regions 360. The drain regions 348 may also include
a éﬂﬁt%&qgﬁ?é%c?%%he linear gate regions 352 may have a vertical
spacing "g" that is minimized to increase density. Likewise, lateral 20
spacing identified at'? between adjacent circular-shaped gate regions 350
may be minimized to increase density. [0092] Drain areas 368 can also
have polygon shapes. For example, 16
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the drain areas can have a hexagon shape as shown in FIG. 15, although
other polygon shapes can be used. Gate regions 369 include
hexagon-shaped gate 25 regions 370 that are connected by linear gate
connecting regions 372. The drain regions 368 are located in the
hexagon-shaped gate regions 370. Source regions 350 are located in

betygeninggate regions 369 in areas other than the insideT /%fs ztkg)go
hexagon-shaped gate regions 370. Substrate contacts 384 LS ESaY in

the source regions 380. The drain regions may also include a contact 30
region 386. The linear gate connecting regions 372 preferably have a
vertical spacing Ki" that is minimized to increase density. Likewise lateral
spacing W02007/136556PC17132007/011207 identified at "i" between
adjacenbhsiagots HnarshBale: rRYIGAGIRY this SHMNRIZCAIR4BCE3RSRH the
deRilited soldORLRRECAN be ARprariatedy e BaRes fPoibeAsain a8
Oe,RIeas I FICS, 1cAp can be any shepg hatls symmells ahaui at
1e4stBn8 oﬁﬁe%?'ﬁqnzontal and vertica den_%erlnés,o the drain areas.
THEBEHEISRTETH RYER 38.935 ha P otiopid drshrarlrlisre TRES RS of
tHeedetinaatgimsan sapie Rifecan e yadivriadosrripeprsiestidp ef ihgyrelgler
asradlistamicet fooaneticag ricthpaialledf dhen diaintarpe et easasion tHoruasat
cepiRipQidroidhpkaiRRyas Saareasegidn udirRalan: lRvasis e or more
other trggatsiors LOI0004 RelETERANONI@ G, 40T A9 YSoions
exemplary implementations incorporating the teachings of the_present
diToRIERE"AYE SHSRNaPes tﬁ%@;g RR{EFFAP BN TR Bosp Al g §xample,
teHEHINGI ORI BIiSM0R[UR > AT BEMFHRAR SStERMN L IR & Sistdr LB reiPHaR
dishagrves(siDB) AOFIFh4HDD at0BHS Fuitaklesshanard disiteaseaionblyp49
(HERX40dirandratdpia RaB 4ffoishastDiad Gkaneninciudeny Magnejice
MESHHBL A SR 350N AlMALGBIRLGFS MakalRr t9aéa. @ndidg a prime
read) g‘tz,de, Ic é‘é’g-ra]rnh?er?éd/ e device 494 may %&%fé%@%&é’%@
act(iator arm 405 an may read an write data on the magnetic medium,

4GB RBRARSh ARG e RHIRSATP G (RS UhRetHEFRJRS i BR R By

thareas other than the inside of the circular shaped gate regions 350. Substrate
contacts 364 are located in the source regions 360. The drain regions 348 may
also include a contact region 366. The linear gate regions 352 may have a
vertical spacing “g” that is minimized to increase density. Likewise, lateral
spacing identified at *f* between adjacent circular-shaped gate regions 350 may
be minimized to increase density.

[0092] Drain areas 368 can also have polygon shapes. For example,
the drain areas can have a hexagon shape as shown in FIG. 15, although other
polygon shapes can be used. Gate regions 369 include hexagon-shaped gate
regions 370 that are connected by linear gate connecting regions 372. The drain
regions 368 are located in the hexagon-shaped gate regions 370. Source
regions 380 are located in between the gate regions 369 in areas other than the
inside of the hexagon-shaped gate regions 370. Substrate contacts 384 are
located in the source regions 380. The drain regions may also include a contact
region 386. The linear gate connecting regions 372 preferably have a vertical
spacing " that is minimized 1o increase density. Likewise lateral spacing
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20 magnetic medium 403 and a voice-coil motor (VCM) 407 that actuates
the actuator arm 405. A preamplifier device 408 amplifies signals
generated by the read/write device 404 during read operations and
provides signals to the read/write device 404 during write operations.
[0098] The HOD PCB 402 includes a read/write channel module 25
(hetgj fead channel") 409, a hard disk controller (HDC) module
4105,6%&?1‘13?52&11, nonvolatile memory 412, a processor é(ffg 32087/0112 07
spindleNCM driver module 414. The read channel 409 processes data
received from and tranimitted to the preamplifier device 408. The HOC
module 410 controls components of the HDA 401 and communicates with
an external device (not 30 shown) via an 1/O interface 415. The external
deviegisaay intekleshcippsHereragutitingsha glieviesyions sl aonmktiog
d@vlg&eggg d-l;h?tvo interface 415 may include wireline and/or wireless
comm on || nks O 2007/1 6PCT/US2007/011207 Q097
The nOUEIb L A¥ie PR PR, TS erseor o R g ang B
chafilGs- 4b°91%h%aamffeﬁa»1fhmﬁn}zﬁﬁtﬂesﬁﬁ'aﬁ%&‘9 ARtib lﬁﬁabegso?fzfi‘%
therzsintleia Mediteb ceantriline s eUthendiRip e a0 iMertmisigles PHaGs.
phacEs saydss IDMOIT oeeskitie. dtia, shatedon ghe rizadinggiclecodingclude
fil QUi RgnARR SRR MPHIGap B SRy AREES S AAAMAY R ALERREIQER of
Line &ré}Q th%@&%&@éﬁ%} 409 %h%e%&ﬁﬁ e VUG SO0 2

river module 414, and/or the 1/O

Qcessor
Eﬂ@@ﬂ'g’r ds of EHP ﬁ%&a&%éuﬁ 410 may use the buffer 411
and/or rﬁ%‘?ﬁi’dlaﬂl@%ﬁﬁ@ryw t&Pstdrdatal ﬁé}aﬁéto YAHCES ntREPAIRAY
ofrepativentititis 10d4DDatDO. Tiee baieingsl ointhpe imchsdat Dilsalsure are
SE3AM, etc. The nonvolatile memory 412 may include flash memory

(includi %ND@@NQ%mewhemww%m&m%m can
”‘S‘egnetk%ﬁé B4 J mP lti-state.m mor d %\SY(V% %'L‘%ﬁ&[b%@o%sﬂaﬁoo

more than two states. e s |n river module 414 controls the

sptidem ata?f&o%saﬁaﬁﬁ@tvdm%f‘O’rr@%B%Pé?fs%z haidgs 401
pavRyT isgiupRy 2 1B ERatip roeities ABdvaurh the eemjoRerrPieie 1 5tao.
[08L9] RetcarrgdiomdadiiCe 468, The teadhirigsdelireddis clagure asanped
iR eI At i elyardal 1khdineAd 060 it Glddhdve fsfium

SW%EB%%M qglyw%m@%ﬁ@s QV E&Bmﬂar% HRVRates the
assembly (DV A O 20 The DVD PCB &)%%14 -}"‘BVD con roI

moaare %in B rer 223“ n(?n\\/’g% %@r%gf a rocesfs%?%ﬁs he
mﬁm@wwwm’étaﬁﬂw&ghﬂm% i%aﬁﬁ"&ﬁ%ﬁjﬁ“ﬁﬁrﬁeeﬁﬁ%ﬁb fge
A2ead/wiite dendeegfOrhodiilecs 29Rd RRAAISE ADY UROVISE signals to the
(Od20iviie @2Vicecuatirmgdute dtationtrols components of the DVDA 25
420 andjgesemunicatasoritiper exfernalicedce (RRIGEIRY Dnditan Mlule
INteHRG atter, “read channel’) 408, a hard disk controfler (HDC) module 410, a
buffer 411, nonvolatile memory 412, a processor 413, and a spindie/VCM driver
module 414. The read channel 409 processes data received from and
transmitted to the preamplifier device 408. The HDC module 410 controls
components of the HDA 401 and communicates with an external device (not
shown) via an l/O interface 415. The external device may include a computer, a
muitimedia device, a mobile computing device, etc. The /O interface 415 may
inciude wireline and/or wireless communication links.
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429. The external device may include a computer, a multimedia device, a
mobile computing device, etc. The I/O interface 429 may Include wireline
and/or wireless communication links. [0101] The DVD control module 421
may receive data from the buffer 30 422, nonvolatile memory 423, the
processor 424, the spindle/FM driver module 425, the analog front-end

moglye,426.the write strategy module 427, the DSP mog%%goaﬂﬁpg/or

the I/O interface 429. The processor 424 may process the
2007/136556PCTIUS2007/011207 data, including encoding, decoding,
filtering, and/or formatting. The DSP module 428 performs signal
processing, such as video and/or audio coding/decoding. The processed
data may be output to the buffer 422, nonvolatile memory 423, the
procesggigd4, the: siadiadaibdrivanayadobivd 2G dlieanatogiroad-triteb
moguilg, é&% %wnaebim@rem meqweawmmeogsmm%@&oaad@r
e OINIENAGS 4285 moalo1 98] TSGR Serielmasiie AnkBaxsiss:

the blﬁ)ff'er dYSF Ronvolatile memory 423 to store data related to d}he

chitrdnanPEERSt P of B ﬂ\?iﬁ%@ﬂﬁf@‘%edﬁ&ﬁ%‘f‘ﬂz KRR inals
DiRIAiSD RN, ereceshied] datomalakife sHEMOR) 4D Ry ﬁfb’lud*éeﬂéﬁﬁﬁ’
Mo dos)udinguidiND andiNaRiBasiemtemery), thhasecebsmighl 3, the
i ewvmmypn%m@ Q1 ANaikisstake S MRBAdE MBich each memory
cellnas ggp thag WaSiales e D RS 419 EIUGRRA DYeL Py

430 tha des power to the com|p9ne51 S % VD d IV J{On of the
15R5Y6'% ‘PHBBIS\?B,&WZE’ HRG ey aée rté)ame Ty evic e%i!a lase
e o e i AN, AR I
(ORMYdedICe roannnquﬁalﬂmdwmmmié@iﬁ@ MASEIn s nh¥se6t Agah
roteses®)) ppiisel Gianagamardivmédghetnaited moitstds acmwatesithe
oRtical daviredR3Ae @livade theopiiatstosagssmertisrgpiwie A0 1k,

Wh ta f t
[ e o et

provides a rea
SRR AETHHSE FORYRE SRRSAF L0008 RATRE RS 12 Mo (FRMBAMED s(i%e data

toHE® gf&amplifier device 431. The analog front-end module 426 receives
data frofoabe] praasteptifie mdevic €163 1 eéBdipetdeniisgsudiifaniiraigscan
filt@éi%m&éﬁ%@%wsmf d oviteite the epticalcbodage(ioesiivmn).

43R ”b%%%éﬁ?%%ﬂéﬁdﬂ@gH'S@%&@Qﬁ@ﬁﬁ&%%‘ﬁ@:ﬁw {058 420.
information.to the ase %glsve 432. T [ r%‘Iase pr wer 4352u gqn&glsnm‘%olam o
OpF&%.P(YEDVf(::e AP W (?a a Tca'f‘stora dge me

[0 TUSPRA%ANG HEGPRS |@4ieéplﬂ‘?éef5p‘éﬁ:ﬁ R0 §6|8§’&% c%%ssﬂ‘
beamntﬂ@ﬁrmﬂerdilmawmé@qumﬁgﬁ%m%@ﬁ fRe bR (PR TOPdLy
TheslDTV 437 includes a HDTV control module 438, a display 439, a

pOWer SyPly] The DVD control module 421 controls components of the DVDA
420 and communicates with an external device (not shown) via an /O interface
429. The external device may include a computer, a multimedia device, a
mobile computing device, etc. The /O interface 429 may include wireline and/or
wireless communication links.
[0101] The DVD control module 421 may receive data from the buifer
422, nonvolatile memory 423, the processor 424, the spindle/FM driver module
425, the analog front-end module 426, the write strategy module 427, the DSP
module 428, and/or the 1/O interface 429. The processor 424 may process the
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WO 2007/136556P0T11.162007/011207 440, memory 441, a storage
device 442, a WLAN interface 443 and associated antenna 444, and an
external interface 445. [0106] The HDTV 437 can receive input
signals from the WLAN Interface 443 and/or the external interface 445,
which sends and receives 5 information via cable, broadband Internet,

a”%%(ﬁ}ﬁu%%%- The HDTV control module 438 may prom@&%pﬂ .

signals, including encoding, decoding, filtering, and/or formatting, an
generate output signals. The output signals may be communicated to one
or more of the display 439, memory 441, the storage device 442, the
WLAN interface 443, and the external interface 445. 10[0107] Memory
441 may include random access memory (RAM) and/or nonvolatile
MRRAORRIAGY 38 dbanty eteainy, Phasay; bangefomemary, TheiPstateule
) %/raannvgﬂy. 4%%9&&%52%%"&?s;aleetrsrmanms&emsg/@@odmg.
storage devic may.include ical.stojage

P8 PIRGEES RA TR kb_nsué’%ﬂaé‘oa‘iﬁer%g%ﬁ{?@ L g
cHIRrRIpRESTES 43¢ e e rAaneIerEYheWR ARG AR A0S BFRIRS: frpt-end
exrieruld /2@ rfacwds SirTeeyordiedsslhedoSitawdds fadandomiee VO
catrprrertsof the HDTV 437. [0108] Referring now to FIG. 160, the
teachings; gbihe fhscipatreomiay Rdnplamemss iseatinBafoofmd/or
;%@V'rgv'rséé&ﬂé W%y%g UG 'ﬁsgt%a%e a;\fgé_&%@ o bﬁ)ézéﬁa@/v e
in%\fPac%"Q%f 1 é@é%é’.g@a é%er%aa’ 4'5%3"%12&6 %_%hél‘glg;é %%r@r%l %:éterﬁh °
A5PTYRIH IR BERANEAREI MG AN, Lrsh mereR, Csi s L 2gA NOR
erfkestiaimameny coTse cbpsEnmemoantiviaghelicdiiviy aystdihstaB Semery, in
NAAGALAL B YSaBry e IRI afics: Iyatemo atase depDUDEPOF I jrafudes
2dapHVE LR SRRIBLS BT £ fowret 03 89 IhRo¢RBIle ARy By sinve

44471énay communicate with one or more sensors 454 and generate one or
more'out&éut signals 456. The sensars 454 may include temperature

) y INCIu !
sensors!HQ3ierdiBPYHS 67 E‘raé(sglf}%dgﬁ'l%‘?’%f"%{gﬁgﬁﬁ ?e?%dr%,‘aser
aiitiyRr $8Asend astepitat dayipeitSiy neiea sevhe ARamie SRAIE I EPRMY
pajeviretersatr apstalssiadrae reiRy e e fe spisdis peoisionB0rotates an
PaSBRBRIRESH R mediut? 436] dhe Peswarhbpplysd4dinaidas pouar debe
componanis f&fﬁtbeoéﬂé‘é?g?ofla hB&xghiske control system 447 may store
data In “fpermpry 449, WO 200111360000 C TIS2007I0L1 207 pdlaL U,
storage @e’é%ﬁ 450. emoryg43§ may inclu g random Becess memory.
(RIARAY SHEFOPTSHES AtRAFRANEH St oRLRhSRVIcR Ay, THR 88BN ARYE®
mégforgiansrials-Brmahn onticg) staragranasin 448 Aok e M iegtaiaian
twenstpteamplirstiziage 4avicendbinmay fnoltaaiancapticabstorageedriaa
SUEBRSR HiRRMEbAHiYeARE/AB BAId sk HE ik RRYicHReavahisihg and
CORF lch%?z%é"ﬂ'%mx&m%u&ﬂ%? ﬁ&gég @Jlé’dﬂﬂ{‘@sg! ecr}é/%{g strategy

interface 452. . .
module 427 transmits power level and timing information to the laser driver 432.

The laser driver 432 controls the optical device 433 to write data to the optical
storage medium 435,

[0105] Referring now to FIG. 16C, the teachings of the disclosure can
be implemented in a transistors of a high definition television (HDTV) 437. The
HDTV 437 includes a HDTV control module 438, a display 439, a power supply
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[0111] Referring now to FIG. 16E, the teachings of the disclosure can be
implemented in a transistors of a cellular phone 458. The cellular phone
458 includes a phone control module 460, a power supply 462, memory
464, a 10 storage device 466, and a cellular network interface 467. The
cellular phone 458 may include a WLAN interface 468 and associated
antenn v ?’9 a microphone 470, an audio output 472 such asas ?S(If,/er
and/or ou Jack a display 474, and a user input device P AL EY
keypad and/or pointing device. [0112] The phone control module 460 may
receive input signals from 15 the cellular network Interface 467, the WLAN
interface 468, the microphone 470, and/or the user input device 476. The

phone control module 460 may process signals, including encoding,
deePdiachdiiaunga andier fasnasting, antgeneiRieacs g signalsockhel

ut signals may be qggpmggg‘gqqgo one or more of memory 464, the
sagrgréneac%é\%cg 466, thee cellular network. mterfa 467 th{er %Q%/%QAMAN

interfad@ 4’@!& ahp® h'é I.Ydlg outpuri 5?(‘29 % emoro 4
|ﬁ6ﬁl6%’?aﬁ€fbrﬁ“§(ﬁfe§?n‘l"éﬁ6ﬁ} (RRNPPantior H(S’l‘ﬁ'/bl%ﬁﬁgsm%'?ﬂoﬁ gU@ﬁ
asthieshtiore Mo ahirh ageachand dneembrandenasiteliete The HSHY isaRtieth

epchuRe Iy Yl przdsorhithapivagiales.iddeisgragecdingiceidBbingy
inglude P?M@ng&%@%atEw@grw@?&wmgﬁiamy
dskd“ve Egmo ower sup rr% Agssrwawo%t&mqhe storage

com ORents of the ce r pﬁon 114 ReTerrlrgg now to FIG. 16

tH@Y@&&ﬂﬁg@%ﬂ%@&ﬁ%ﬁé"@aﬁr& 57%?7%%@8 1750 FaRisistors of a.
set top BURA78. Memacset 46h 5054 TS HAsU FESRE GRS oM BIaNO HBAM)
48hdadizphaydBlmamaeweuships\ld82 nBinovenrhesd 3Bangstoragete ite
434 ReEa WA i vekfaas 4o anshRspesintad aptennandBe. sties. The
29%?4%;@%@@8 QIWQ\Z{% 2R %ptxcal[%l@eTM§e§JQP soatymaside
SR AESS R BYL RS TRE MW EANANIGHRRS 455 AN ARicatos

ef(at%rnal Interrace can send and receive mformca;ftlon via C

bRERIBAIAE it R LANTeieEaRsI 143 ARG RR MR FEB M IMRIRGR ‘h"s’b may
P EDRTSSSiRpaistOnevidepenes Siribe gerpantgtsirthad IBTY 6
formattipgroand gester@ig mtpiat BIgNatD, Theteathinysighthls disaiouctutey
aygl 9@94%%69 Wﬁ%@i&é&%ﬁa JarebRNer tigheetrition sy atiudde
g mum%@tssﬂpz,@tm&%m lerlage AR ANAELO
the-diSpl e dIS I'a y include teIeV|S|o Ned Pro eect\permde
arfr %l &Wfbﬂ%’fa?% 3 %w ﬁ%ﬁ?‘ S owerh
COmpircvRiest tHe W&Sé?t@p"h‘ﬁ%"ﬁ?% GorFAIGTYSIR ﬁhagrf a?f&é%ﬁﬁ‘aﬁ‘r
acaesstaramoen BokivDl ayridon, rorarsides Priingsysieoh (ABHhshnaMenatiny,
phase:RANeRMHEBRANsIEH BULS @ipamemeystein, \whisttptieh andsaoopios||
hag,%e dhan two states. The storage device 484 may include an optical

storage drive, sugh as 0 95%}%{&@9@
15[0117?éj'§e1rnn%r?o\\'/v 0 E%’ 5’8@9”%@4{&&%&%5 of the dlgc %dre%ngnor
more sensors 454 and generate one ‘or more outp signals 4 e Sensors

454 may include temperature sensors, acceleration sensors, pressure sensors,
rotational sensors, airflow sensors, etc. The output signals 456 may control
engine operating parameters, transmission operating parameters, suspension
parameters, etc.

[0110] The power supply 448 provides power to the components of the
vehicle 446. The vehicle control system 447 may store data in ‘memory 448
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be implemented in a transistors of a media player 489. The media player
489 may include a media player control module 490, a power supply 491,
memory 492, a storage device 493, a WLAN interface 494 and associated
antenna 495, and an external interlace 499. 20[0118] The media player
control module 490 may receive input signals from the WLAN interface
494 and/or the external interface 499. The external interface 499 ma
inclide USE fhfrared, and/or Ethernet. The input signalsPr4ySH¥ Pj'dé
compressed audio and/or video, and may be compliant with the MP3
format. Additionally, the media player control module 490 may receive
input 25 from a user input 496 such as a keypad, touchpad, or individual
buttons. The media player control module 490 may process input signals,

'”%l%t'.n%sn&s; g& é&ﬁé&d'ﬁ‘ﬁa C‘;"tﬁtﬁﬂ%r@ﬂ%t’rrf%“ﬁ%@z agu%e@nsseé@s
output Si er contro.

0 SW?]’QW {o AN AU ovgﬁ]q fgyﬁ a? o eo%tg gq“ ﬁo% dm@%%%%g
Tﬁ@raaanoobuw&ﬁ&@? SRR .ﬁcm“bfé‘aei Hi?é?%%ﬁ&f’d% ol Eui LRwo
Thigtefsplay 488gtagqvies RO agyaneiics meptmiﬁmféswﬁrwﬁ Fig as a
inplemlenves ping/deansre disk bevp (MBDEUPEyv4Bitip mritesyere G thay
CRERANSBEUBmANG diarRlaven A RS iMarassusiO

aoeoég 1%@5&%%%%&%%%%&%@ %ye;%%uﬂﬁg%@i% eﬁ§%§§§e can
ctv&d ﬁﬁ%@?ﬂ {6t HRRISSR S e¥me°rr:1]§1rg r wnhlQﬁ%eat(}:%erﬁ:glmltr)n}r l){(‘,’rﬁ)has
mtﬁ?é‘ﬂ?ﬁnat\%%%t%%"tﬁ%éw&gésﬂe\ﬁc@wgé AR R TSGR @
Stetaggedityvise stith arsia CalDlalmebverk disriadesdadidiel Aol BT (pOT) 458
[0A3Qlildnesesswilesimitveasst smnanavssppiereintmisona 48 faregoipgone
deseyiRficnapbilsbreadsiraci @&QERQ?%&%?%‘[BM@%Q%&@M 474,
implemented ina yariety ot fotms. WASLeloLe. b fhis,aygaton has
béen aescrlgga in‘connection Wlt SIPCL?CI)ar exam Ieﬁ‘%hereof the true

scope ofthelnveltfoRMPE%FRBTHE! ?%e RN R Ve JIRe; signals trem

migiftedensaiipisdoianroa diar Ee gt ‘§F&ﬂf@6%’f‘§€tﬁ'i@rf€}°[?§8ﬁ"§ &ty

of dhe/airanwings, ithesisgediecalivn Brdrimeanéotiontivigrutdines46M O HPocess

Cls@l’M@, including encoding, decoding, filtering, and/or formatting, and generate
output signals. The output signals may be communicated to one or more of
memory 464, the storage device 466, the celiular network interface 467, the
WLAN interface 468, and the audio ocutput 472,

[0113] Memory 464 may include random access memory (RAM)
and/or nonvolatile memory such as flash memory, phase change memory, or
multi-state memory, in which each memory cell has more than two states. The
storage device 466 may include an optical storage drive, such as a DVD drive,
and/or a hard disk drive (HDD). The power supply 462 provides power 1o the
components of the cellular phone 458,

[0114] Referring now to FIG. 16F, the teachings of the disclosure can
be implemented in a transistors of a set top box 478. The set top box 478
includes a set top control module 480, a display 481, a power supply 482,
memory 483, a storage device 484, and a WLAN interface 485 and associated
antenna 486.
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What is claimed is: 1An integrated circuit comprising: a first source; 5a
first drain; a second source; a first gate arranged between said first source
and said first drain; a second gate arranged between said first drain and
said second source, 10wherein said first and second gates define
alternating first and second regions in said drain, wherein said first and

sec&gqog%%s@re arranged farther apart in said first regions thzbra in said

. PCT/US2007/011207
second regions; and a well substrate contact arranged in sallg rst regions.

2. An integrated circuit comprising: 15a first source; a first drain; a second
source; a first gate arranged between said first source and said first drain;
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a second gate arranged between said first drain and said second
20source,

[0115] The set top control module 480 may receive input signals from
the WLAN interface 485 and an external interface 487, which can send and
receive information via cable, broadband Intemet, and/or satellite. The set top
control module 480 may process signals, including encoding, decoding, filtering,
and/or formatting, and generate output signals. The output signals may include
audio and/or video signals in standard and/or high definition formats. The output
signals may be communicated to the WLAN interface 485 and/or o the display
481. The display 481 may include a television, a projecior, and/or a monitor.

[0116] The power supply 482 provides power o the components of the
set top box 478. Memory 483 may include random access memory (RAM)
and/or nonvolatile memory such as flash memory, phase change memory, or
multi-state memory, in which each memory cell has more than two states. The
storage device 484 may include an optical storage drive, such as a DVD drive,
and/or a hard disk drive (HDD).

[0117] Referring now o FIG. 16G, the teachings of the disclosure can
be implemented in a transistors of a media player 488. The media piayer 489
may include a media player control module 490, a power supply 481, memory
492; a storage device 493, a WLAN interface 494 and associated antenna 495,
and an external interface 499.

[0118] The media player control moduie 480 may receive input signals
from the WLAN interface 484 and/or the external interface 499. The extemal
interface 499 may include USB, infrared, and/or Ethernet. The input signals may
include compressed audio and/or video, and may be compliant with the MP3

format. Additionally, the media player control module 480 may receive input
from a user input 496 such as a keypad, touchpad, or individual buttons. The
media player control module 490 may process input signals, including encoding,
decading, filtering, and/or formatting, and generate output signals.

[0119] The media player control module 490 may output audio signals
to an audio output 497 and video signals to a display 498. The audio output 487
may include a speaker and/or an output jack. The display 498 may present a
graphical user interface, which may include menus, icons, etc. The power
supply 491 provides power to the components of the media player 489. Memory
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wherein said first and second gates define alternating first and second
regions in said drain, wherein said first and second gates are arranged
farther apart in said first regions than in said second regions; and

R well substrate contacts arranged in said first regions, where R is 25an
integer greater than one. 3. The integrated circuit of Claim 2 wherein
R |§V8q m}%%gg that is greater than three and less than S 00,”011207
mtegrated circuit of Claim 1 wherein said integrated circuit includes a
plurality of transistors. 305.The integrated circuit of Claim 4 wherein said
transistors include PMOS transistors. 6. The integrated circuit of
Claim 2 wherein said R well substrate contacts are associated with
respective ones of R transistors. 7. An integrated circuit comprising: a

fikgh SRIF R B dkAN adcEes anshsony CRARTiEsipatearvanged hetwepn

id, first ! gaid
e nﬁa#é%a.ﬁsﬁﬁﬁa@%?ﬁcsg R ca. f‘g‘?”gé‘“‘”;@@;g;

RAME ARERMGR RS F9PsEEN 5| erel

e
reg |ons in sal d éloalﬁ erein sald

anahs@%@nop@ta@ssmregarpgmwﬁgrﬁfeﬁéb\é% T ARYSE ABREASRIC P
sgitbBecond regions;

[0120] Those skilled in the art can now appreciate from the foregoing
description that the broad teachings of the present invention can be implemented
in a variety of forms. Therefore, while this invention has been described in
connection with particular examples thereof, the true scope of the invention
should not be so limited since other modifications will become apparent to the
skilled practitioner upon a study of the drawings, the specification and the

following claims.
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a second drain; and a third gate arranged between said second source
and said second 15drain, wherein said second and third gates

define alternating third and fourth regions, said second and third gates are MCSLLP

arranged farther apart in said third regions than in said fourth regions,

wherein said first regions are arranged adjacent to said fourth 20regions
and said second regions are arrang jacent to said third regions, and
wherein said first and third regions include R well substrate contacts and
R is aMVingdecpisagdrighan one. 8. A method for providing an integrated

circuitjc_omprﬁqﬁglzggépgf'g@gipc[j[tsggmﬂé'ﬁgh@providing a first drain;
providing a second Source; locating a first gate between said first source
and said firstadfi&st Slodefig a second gate between said first drain and
said second sayige;3hdefining alternating first and second regions in said
drain using said first and second gates; MCSLI,P arranging said

first and secGnBRGRIRS $R4FER apart in said first regions than in said
second regiogsi-&ngate arranged between said first source and said first drain;

a second gate arranged between said first drain and said second
source,
wherein said first and second gates define alternating first and
second regions in said drain, wherein said first and second gates are arranged
farther apart in said first regions than in said second regions; and
a well substrate contact arranged in said first regions.
2. An integrated circuit comprising:
a first source;
a first drain;
a second source;
a first gate arranged between said first source and said first drain;
a second gate arranged between said first drain and said second
source,
wherein said first and second gates define alternating first and
second regions in said drain, wherein said first and second gates are arranged
farther apart in said first regions than in said second regions; and
R well substrate contacts arranged in said first regions, where R is
an integer greater than one.
3. The integrated circuit of Claim 2 wherein R is an integer that is
greater than three and less than seven.
4. The integrated circuit of Claim 1 wherein said integrated circuit
includes a plurality of transistors.
5. The integrated circuit of Claim 4 wherein said transistors include
PMOS transistors.
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locating a well substrate contact in said first regions. 9. A method for
providing an integrated circuit comprising: 5providing a first source; )
providing a first drain; providing a second source; locating a first gate MCSLLF
between said first source and said first drain; locating a second gate
between said first drain and said second 10source; defining

altern t.ing ﬁtﬁﬁg nﬁj\tse%(?gpéjdr%%jgﬂlﬁ .i f‘?’@.‘gig{a@ %ﬁgpeﬁ?igéi?t?r\ﬁell SLflbstrate
second gates; arranging said first and second gates farther apar
dongaddsfiese raggooiatieaniils sid sectivel ongiont Ratid rigitossing R well

substrﬁte cont qﬁéglsﬁgjdf ﬁE[ﬁg&%ﬁpﬁ\gpﬁ eR is an integer greater than

one. 10. The méthod of Claim 9 wherein R is an integer that is greater
than three arfdfiegissgiaieeeven. 11. The method of Claim 8 wherein
said integrategecircyjtincludes a 20plurality of transistors. 12. The
method of Claim 11 wherein said transistors include PMOS transistors.
13. The metloBESPOMBRY$gither comprising associating said R well

substrate CoRi#FEs YAl IeFRAGEYCIARE S BaltpRieiassréd Lhd\JBRINAG drain;
for providing an integrated circuit comprising: providing a first source;

a second gate arranged between said first drain and said second
source,

wherein said first and second gates define alternating first and
second regions in said drain, wherein said first and second gates are arranged
farther apart in said first regions than in said second regions;

a second drain; and

a third gate arranged between said second source and said second
drain,

wherein said second and third gates define alternating third and
fourth regions, said second and third gates are arranged farther apart in said
third regions than in said fourth regions,

wherein said first regions are arranged adjacent to said fourth
regions and said second regions are arranged adjacent to said third regions, and

wherein said first and third regions include R well substrate contacts and
R is an integer greater than one.
8. A method for providing an integrated circuit comprising:

providing a first source;

providing a first drain;

providing a second source;

locating a first gate between said first source and said first drain;

locating a second gate between said first drain and said second
source;

defining alternating first and second regions in said drain using said

first and second gates;
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providing a first drain; providing a second source; locating a first gate

between said first source and said first drain; 30locating a second gate MCSLLP

between said first drain and said second source; NIGSLI2
defining alternating first and second regions in said drain using said first
and second gates; arranging said first and second gates farther

apart in said flrst regions th in sald second re viding a second
drain; prowdlng q ﬁ%g ga?te betV\tIeaen s&d ngc(% %%r?:%tﬁﬁa gﬁ a%e'E‘oﬁa‘d first
rel gdm;sckitami riigy mmhsannngG@and fandh regions using said second and

third gates; 1 %”f%fx‘ ?"1'1' &?Q%%%ﬂt@éﬂr%&eéﬁ RIApAct In said

third regions than | h regions; g said first
regions. adjaébmeummopmwg@as\ ane@ateslemmdtregmpssanlgacent
to said third r '9%?n 3 ﬂrstv\étz)‘%ﬂ%g said first and third regions include R

well substraté contacts,
providing a first drain;

providing a second source;
locating a first gate between said first source and said first drain;
locating a second gate between said first drain and said second
SOUrce;
defining alternating first and second regions in said drain using said
first and second gates;
arranging said first and second gates farther apart in said first
regions than in said second regions; and
locating R well substrate contacts in said first regions, where R is
an integer greater than one.
10.  The method of Claim 9 wherein R is an integer that is greater than
three and less than seven.
11.  The method of Claim 8 wherein said integrated circuit includes a
plurality of transistors.
12.  The method of Claim 11 wherein said transistors include PMOS
transistors.
13.  The method of Claim 9 further comprising associating said R well
substrate contacts with respective ones of R transistors.
14. A method for providing an integrated circuit comprising:
providing a first source;
providing a first drain;
providing a second source;
locating a first gate between said first source and said first drain;
locating a second gate between said first drain and said second

source,
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15where R is an integer greater than one,

MCSLLP

defining alternating first and second regions in said drain using said
first and second gates;

arranging said first and second gates farther apart in said first
regions than in said second regions;

providing a second drain;

providing a third gate between said second source and said
second drain;

defining alternating third and fourth regions using said second and
third gates;

arranging said second and third gates farther apart in said third
regions than in said fourth regions; and

arranging said first regions adjacent to said fourth regions and said
second regions adjacent to said third regions,

wherein said first and third regions include R well substrate contacts,

where R is an integer greater than one.
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