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STRUCTURE CROSS- REFERENCE TO RELATED APPLI CATI ONS
wPQOhB6sEhi s application is a continuation of BCBUS2007/011207

Patent Application 5 Nos. 11/524,113, filed Septenber

20, 2006, 11/586,467, filed Cctober 25, 2006,

11/ 586, 470, filed Cctober 25, 2006, 11/586,471, filed

Cct ober 25, 2006, which applications claimthe

benefit of U S. Provisional Application Nos.

60/ 825,517, filed Septenber 13, 2006, 60/824, 357,
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u co hw/weeW1 BREHCBEINer 5, 2806, which
11/%%ﬁﬁ‘lmﬂ%% %’C%%‘iéfﬁ?egggged circuits or chip
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applnmiqmc@!mz#@e aelcal 9.5 rouIeonmletPRIFARRNPY: 6525.517,
fuledT@égRé%%' rS{ 9T 5088 cRdIRS 357! fild SRIEmBES ﬁreoo@0601823 332,

rconnected 1 n vari ous me s to provide desi
fileccon August 28 tAa9es 60821 @oast;lgm /gxuwetﬂ @QQQ@@@@Q@B 568, filed

on 6@3 e¢’. 5(1@? MehbT RE QoL ieCaf ﬂ{f QbB{/é%gH léafi’éh s fidH¥pSrated herein

processi ng, ated circuits that
by rel‘aehebrihcﬂat&rmretythe waf er are separated and then

packaged. The wafer can acconmopdate a fixed nunber of
integrated circuits for a given integrated circuit
si ze. Reduci ng t heFIELDOF THEOIINVENAIORS transi stors

e[PQSPh Si ?Ig{%tpeéjsre%{tr|g¢értgaxn§¥eé€t%1§%cheqsg%%éllu%ﬁlres and more

parf.émarny% husistBr EnGEepseditnuabaceichiphesgt. at ed
circuits or chips to be nade on each wafer and

reduces the cost of the integrated circuits. [0004]

Referring now B%Cﬁ’(@ﬁOGN@“@FZTH@N\XL@NWl@Ny
transistor 10 30 includes a drain 12, a gate

sou[rO@@316 dntegrabrst\Circgits r ok (@hiRS dp@ytlgﬁluqeo,a |arge number of
intei%gme l?l%ﬂé‘él‘&l% st 9he 1#ahBiskdre a%d' %ﬂ@é} MY%t elements are

Iansi s Cl rcunst ances,
lnten'oonleed;ted inovarieussways 4o moa@les%ewed ﬁlrwefurzctlonswjt is usually

mosp Zflclleglgts% fggl-éatljézrggﬁ pq)é]hglgérated 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
transistors in the integrated circuit may help to reduce the overall size of the
integrated circuit. This, in turn, 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 FIGs. 1 and 2, an exemplary transistor 10
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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[0005] Referring nowto FIG 3, the body 18 includes a

p+ region and may include a contact tap 30. The source
wa@oi7nceéssdes an n+ regi on and may include a cearaskoo7/011207

tap 32. The drain 12 includes an n+ regi on and may

include a contact tap 34. Additional transistors may

be fabricated on one or sides of the 5 transistor 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

UR kY A0SR, RGP S BG, BN e BReY 1815dldés @ pt Region and

tor eintegrated circuit. Additional
may tinelngesé @ositactintape3ar r ihgapuree difeinstudasy ansivdéagion and may

. t he transistor, 10.as sho . [ :
inclug 2 PERTARVRRR BN FOBGTR e gt e o Gaidn and WPinciude a
contSeNRIp 345 Additioahl Fansietorsanay het fabrigated an ere ondides of the

source, a fjrst gate g[rﬁgq%e between the first source
trangigier iR indigatgddn - 15 fHuSa second gate arranged

be‘d’(ﬁ)@; t hRefdrfifl ibwitd FAAJ4! e 566YNE rBaybeerepated between
first and second gates define alternatin fili‘%t! agld d
sources dficofradjpeert ransiptorgy ding Podh &8 fakes UR Y4!uak!g g area an
i S 1R €58k f Y tthbNirtBgratbaStiré@gi omdditional
inordHe® 16 o2k BRI t%’ﬁﬁé. ™ [0008] B e

tran$istdra ces, ba ansrigesd pptane er b¥neRiges of e Agsisten 19 s shown

«Figrst Pzg regions. Alternatively, R well substrate
Y codbddPsare arranged in the first regions, where R
‘i's an integer greater than one. Ris an integer that

is greater than I n. The

i ntegrated ci rcﬁtﬁ“"ﬁ@%ﬁﬂ@? ﬂff%llblpgwf@yrgf )

t r §080F} OF An intbgratedndicafitocsmprisesice firstOsource, a first drain, a

transistors, The R well spbstrate, cog . :
seontd BoMID R T ot e SAIILOGMEbTD sy ShBrdY End thg first drain
andl#888dnd gafd Bﬁhnbgatt(ijdtﬁ@entthe dfirsnt @%ﬁmgad thersegond source. The
~ conprises a second, drain; and.a,thi ate arran ,
frtaThGeRODA SRS IR NSO ARl T3t ek SREP r QPIRTE Fictne drain.
The?ﬁr%?tﬁﬂdaé%drﬂ @Qte‘éaél%saﬁéﬁg@(@ father asdit ng thaifirst ratbns than in

our

regions” The second and third gates are
the secand ¢egibast her apart in the third regions than in

:Egoplgyit h (f SO Beatdes! A s&t‘i‘sc})/ﬁb CUrii&ét i @fatgR® in the first

t redgions are atranged adjacent to the fourth
regicegi oxlterantivélie Rsweb sabstrgicopentacts alier aiigeaedd) Hisefist regions,

T T
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.

' [0009] 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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WD 2007/ 136556 PCT/ US2007/ 011207 [0011] A nethod for
providing an integrated circuit conprises providing a
wobioEt13666r ce; providing a first drain; provi dPag/ua2007/011207
second source; locating a first gate between the
first source and the first drain; locating a second
gate between the first drain and the second source;
defining alternating first and second 5 regions in the
drain using the first and second gates; and arrangi ng
the first and second gates farther apart in the first
regi as, ¢o - ' BbsIpgtovidin
oo 1] cahFEAROY fEr bidyid o Rt ARralRELRAR bRPEps providing
a ﬁ,g,_qlgz?;rgg;t pgovﬁxﬁﬁgea:firRétrdraim priovisting egsesnnd $REraRstaeRfing a first
includes |qcatin well s t e
gaterraryponagpdie soiter e 1ne it b oG eecem s etween
the ﬁ#tsd%iéﬁ@gﬁé g&t&ind setcggee; elefi_h:n@_altblrmimdifﬂeggd second
than seven. e integrated circu inc : .
regiqnaaine e Usinghiectist ancreisparest Bpd Hirafbing thr st and
sec&ﬂcf%é%QQﬁheF%arﬂﬁﬁ hetd ifirsll vslpenasso dompargd he tRe second
wel I¥ substrate contacts with respective ones of R
regiemsnsi stors. 15 . [0013] In other features, the nethod
' ”fdd‘ﬂzjs PIO8 i 18aftire§ CORIBRb A includew igtatigga Waillrslibstrate
gate tween the second source and the second gralﬁ; bstrat
contaef iinithe firstt mgiens.ngThai methedl ingudes IPegiingsHuWpligsubstrate
t he segon n ' ;o ; j t NAR is an
conigfp Thire i peiclis, WHBIER "3 in@EF Toathr ManRamenth is ar
inte?@ﬂ ftiht isegreansr theam threet hadfleas tthan agvens. The rgfed circuit
n

. other features.. the ki f ' _Th

ol e, Y BB O s o

methBAARGILEESI RRBcRAINGCIIRL Rt well Iseibstrate dontegiowith rEispective ones
first and third regions include R well substrate

of ReBAPYEIAS- where R is an integer greater than one.

[0 ééiaﬁn !|rﬁlbﬂgéra=t=zagmr@'smﬁ Teﬂmﬂlirieﬁﬂielsaprfdvliqcﬁngcawcond drain;
redgion having a gener a rect angul ar shape, e
provitiing 7 taied GAlE beweert Sl SPRRRY ROMIsTH dad Tag SERETH yaim: gefining
alte?r?é’tﬁ{%‘ltw'drSﬁﬂ%ﬂl’ﬁﬁ(&éf&ﬁ?u@ﬁ@ W& Sdonagehdadhied egdtes; and
0 Sitdes of the first “drain region. A gfat region.isS. . ihird
arrangingdbe becaisk @nchéhird (gates s@@oﬁﬂ?”gﬁﬁjr&@ﬁa g@%ﬁr"ﬁ'h e m
sour . e gy : first drain region. First,
regioll otﬁgn 'ﬁg'h??%'ﬂgp?%grﬁ?h substrate contact regions .
ar ef0OrIMAnged  atfjercdeatures.cdhpemetapd ¢ iglydasstarfpuging the first
regﬁbsgﬁgf’a%fgm E}%Qég] o) QU?{ tér(m)sfj %@gufh%sseécn'ﬁj tégidhs 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 corners 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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regions have a length that is substantially equal to a

l ength of the drain region. 3 WD 2007/ 136556
WOCI7USZB67/ 011207 The first, second, third ardTfusamtiii2o7

source regions have a width that is less than a wdth

of the first drain region. The wdth of the first,

second, third and fourth source regions is

approxi mately one-half the width. of the first drain

region. [0017] In other features, a second drain

region has a generally 5 rectangul ar shape and has

The furs | g%@'c?rgﬁ,htﬁ[{d W&&é@l r@gmrs fhavd BevibiiH &lat$®Wskethan a

and seventh source regi ons have a
widtiyeriethal first rckatrar@glbar Teaapdth phdhe; firsh, segonds thikg and fourth

nt h
sourZ§ (55 B Aok o R WA AHEBIFEl ai e
f1 Sﬁfcoﬁis' i gther rfegiuresj sa asecorgedirbirt wegiont Has ia sgenerally
|

rectangulagp sgggg@r{(gagggne@ Hﬂgtﬁ%uérg‘%&é%e gg&c:te?lgq%wg first source

regl&?m Bfith, 'S$AhOBRd et W@b &égﬁﬁfmhat@ & gemerslyofectangular
the second drain regi on. rated circuit

shaperc| Tie fiftrat Ex@ ang- %e\{q:rfth mcmg@f' s BreLfaligsds adjacent to
othdr $ded oﬁH@é&Q%d‘ Ql“alrﬁ"’ré’dbﬂ' ng an integrated circuit

conprises provid 15 a first drain regl on, havin

gefROtB] y @Imrgtﬁaéur@h@pgatqam@ﬁg, i AreqaRged &et\fzgggtathe first,
flfthsgg(ﬂ'?%r‘ évéjntﬁr@oqreé”rbgho?%uéﬁs th8Hvhd WhHig heRYE Fifth and

ner a rectangu ape, adjacent to sides of the

SIXﬂfl |substratea|cnnt&nj| regionsr aen grrﬁgggd gaﬁ]@cqarggﬁooﬁorqgé% \g@éhe second
hNeabidst: $FFEO d f Ol Sl RAMNGI aMbSFET

draipy, legions, dflgfgnﬂq?%%ﬁ%%; ng ‘taml?%a%gf%t?rsy secon

transhstos. and fourth substrate contact regions

d -
CSGERE] | IR i i i
a fu%@dféﬁﬁ re@ﬁ;@hl ﬁaﬁmbaa/ fgeaeh:feﬁlggbbtad@ﬂan shme_hi_iara}tmglaglspes of first,
qual to a len of the drain r e
secgBdofrd g dOURE FRHFPr SRAATEY SRYera iy Retangular
shai%gatadjéc%ﬁtsstot&iaﬁs aof Whatfiysefdrialie rbgiost arangingegi gate region
first, second, third and. fourt

bet\gggncﬂ_ne( égﬁtoﬁgcpgdaﬁwc&,)@r}q&{@@ﬁ SOLI¢R rPIioRg ap ttneofflrst drain
reglon; héoddd | n&aﬁ?ghg 891 rondOQRit drit sbineh dudatrateTontd regions

arrangl ng one side of a second drain
adjacgyitdo, carhetshohthe fisydiain 899Ny ect angul ar shape,
ad t f € it Ao éthﬁaréﬁﬁ'f&ﬂmh source
fi f@w‘iﬁbgl xth gﬂ] rs*e%/a;%{%o:{)h%r c‘e ?e |orr1]s whi ch have a
regyetsehalé ya Ieee'tglfarhgaﬂl @rsm@éﬂalb{d?@i@@'nﬁo a dergthed! thiegdain region.

The Erstthgeégr%a ntﬂlrgraqldqfourth source regions 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 between 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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30 region. The nethod includes arranging a gate region
between the first, fifth, sixth and seventh source
woegianessand t he second drain regi on. The net hedT/us2007/011207
includes arranging fifth and sixth substrate contact
regi ons adjacent to corners of 4 W 2007/ 136556
PCT/ US2007/ 011207 the second drain region. The
integrated circuit includes laterally-diffused MOSFET
transi stors. [0022] An integrated circuit conprises a
first drain region having a synmmetric shape across at
| east ;one.of harizo i Gad i LN -
the pBraRd oAl BB hatia PHQAR, (Afu HE0y (Reraly;chriused
MOSFE T traghsidtorg.egi on. A second drain region has the

symmetric shape. A second.gate r.eqgiq S |t :
SHERGE21; 1ot SDfeasaIE AT SRDRUSE: & Apogrdf fegich having
symﬁfé?rrihe ehiape Qé\b%s][ﬁgiet@%t opene horizdretal faindstleraind!jsentmmwes. A
ate regi ons. I rs source region | S. arran .
first Gajentagion fesamdrsiohanseiiat gagngRdNe st gy Eegign 4 second
drait %iﬁﬁ%ﬂ@éﬁnhﬂh@%haﬁg. thgecontgate Rggidh ezt e first shape
regron. A second source region is arranged adjacent to
that sudroomdsribesseronst drajn degign. theanesting aate rfsé%h?"w‘ec‘s the

first F:g@g%cmﬁﬁf g?{]e: Eggﬁanén%\ 1iR% soRRAEFddiA i9drRandeRDadAcent to and

eatures, the symetric shape tapers )
on are aidei of thec firstigadenragiomttee secondaderreian and ﬁggé:onnectmg
i ncreases, Fir teyi i
gate eiied prbond Spit REAGR TS BHRRbES RiacchiapirRFby dieside o
sidd bt &igs diredgata regioh, ithe | sedend| gater kggion cﬁrfdg e connsFing gate
transistors. [0024] In other features, the symmetric
"T®0QHape is a circular shape. The synmetric shape is an

el ljpo3Fal Iishaner fdhmrey,nhet symnsdidpeshapa tppesgasaa distance
shape. The symetric, sh a hexago

e is al, shape
fron[n @gggptg& okt @yfrgpeg\cog}ﬁ%ﬁ% dnqﬁaﬁﬁf'e gEg§te§n§i §%cl?ﬁ% substrate
contRUiPdre esrrhGMl dh e frst ianglt seltcridn sbagieorediansngThe integrated

symetri c shape across at | t one, of horizontal and
CirCUéMCF"é@(PS &%ﬁf@l’&'f‘i"ﬁé’&edMéﬁ':&qﬁﬁaﬁs'ﬂqr& gate region

hagtba%:;fl f i | SinaffRfuldiatne siwnhwatAgshiape ikid sirculapshape. The
redion; providing a second drain region havin

symspatriet shapeHapan elipiigadishgrg. sdbentyGaeinc eﬂ]ag# _ﬂ‘%@i pglvgonal
sl 16 SOV 4 83 ALtaqundsnape, seoond, STy
fi r[©025ihd _stlemethpgafbeprca@dioggn @?ag{.a@em_girgui; cemprises providing
o 55, RO Bl e 285 g1l 8 of norizoma
and 9erisd icentedines; providing a first gate region having a first shape that
surrounds the first drain region; providing a second drain region having the
symmetric shape; providing a seéond 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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regi on; and arrangi ng a second source regi on adjacent

to and on one side of side of the first gate region,
woheo7886¢6nd gate regi on and the connecting gat eCT@82007/011207

region. [0026] In other features, the symetric shape

tapers as a distance froma center of the symmetric

shape increases. In other features, the nethod 5 WO

2007/ 136556 PCT/ US2007/ 011207 i ncl udes arrangi ng

first and second substrate contacts in the first and

second source regions. The integrated circuit

lnclupgg%ﬁggﬁg‘mgtﬁ(sw gcblfmé éﬂ%@ﬂa%%ﬁﬁct& ANBESHRL and second

PUFess e symmetric shape is a

souréér eadians.shafre nmte@raﬁadsmmtr urmusmelategah\wdlﬁused MOSFET
elliptical shape. The symmetric shape is a polygona

trransiglok®  The symmetric shape is a hexagonal shape.

[ OfIIE71AN Innbieer fedresd, rtheisynuosid sieapd is gtcirgnthr shape. The

svm%%ﬁﬁ&dsn%%%'st@ adceBRtoalahants droaveenpis SieBEM  povgonal

hapV¥ha §ARREald Shdss isa iexagonakgimperher ei n the first
source region is 10 arr betweeg first side

* nE0028ls1 “ARAniRaIRA QTGN GAPOTES AR b SCLBBR A gegions

ape.l angsd édd)ﬁ@%md tm@esmmb re ions
haw@gdégge;f%?{aﬁf ré@ll%'{lg{ﬁ?%rﬁ% s%f:ond drgl nre 9

thatsbave ea rgayiesally sestangigat saapgac ewreres tg% E@ S§%§e feglon is
arrahggdf béﬁl\tleéwq"&e%gi% Sffaﬂh'é YRGi QRS - sdtdnd H‘ﬁalﬁohﬂégans and the

fon I's arrange acent to fourth sides of
seccﬁmd sanohmirdseoom@ cegaonns reegiasrrNges gaiacent e sipgogdigides of the

arr fi d:
v AR SO L ope RS i g atdocent
third eme@n@r th&ifirst arh desecs daidragionsond diihsauree aegignge @rranged

st and nd dr in.r ]
aciaqantgn 1PRRhHOST G GRC) AGGTPER R [raldfgh A aete region i
arrdiged l§1é|et|KA&eric iHesHi rsﬁlr@ec&fmp nidirdlr fourthr agi Gfils sléuamf:@ gegions and the
general Iy rectangul ar sh arran rst. .
frsieni SEoPUY CGRoBLIREN FRLANg, TReT JHE opfifar gy amanged in
the FRGQIHY S&&8rY BROH P8Gione! r angi ng second and third
source regions adjacent to second si de

he
2nd098Gbnd AImathoY dof BieSA0ag AN EIP2iPd B ¢hoSBEYEES Providing
first A %%cél% &It redgfortd1hBdingSa @%ﬁeféll tr'é@tédgiﬂér shabe; arranging a

secona araln reglions; arranglin source r

| ft e
frsaaputsnFegiont baMapT fifak 5w AL the et 270 SBCORY AIAT fegions:
arréxﬁ@hﬁ&’;@coﬁﬁr%ﬁ@ INe RoUALE réGoh8 Udpicditityesddrte sidessdf, the first

ourth and fTfth source regions and the
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.

[0030] 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

drain regions. The first, second and third source regions have a width that is



10

15

20

25

30

first and second drain region; and arranging first and

second drain contacts in the first and second drain
woegi7anesse [ 0030] In other features of the integCatwseor/011207

circuit and nethod, the first, second and third

source regions have a length that is substantially

equal to a 30 length of the first drain region and

wherein the fourth and fifth source regi ons have a

length that is greater than or equal to a |ength of

the first and second drain regions. The first, second

000 iy ki AP ISP SEAET g Mg 1 k. b anc i
sourbé@e@idr&t is g roxineaietynon&halfviinert widdih of ﬁl@e ffhfﬁ!ts@fa'% é%ﬁﬁ The
fourtingni Wih sstrehdepiT a0y A RvePERoR SBRE Kol (b first and
sechcf Hhnif Qontactsagivens siteetrditiis cgneﬁtemrthan deminimursgirain contact

RN PE TS I T EEN TS ST
The ‘i‘j"réin”c?ﬂ%b&céfe BAE OfYeR1aré, rect@gyliar, mDmssMaped The first,

irregul ar shape. The drain contacts are

secaywyhand, thrrécqqmgguggnongﬂac@ydgsgolgﬁgm aqtﬁenfh? gnfst and second
draif %Q%Fad}%rwa ff'n@. §8b‘6r‘?@ ah%QhﬁB%du’i‘éé HEl§iohe Wré Farranged in a first

irst second drain regl ons and

row fandsfurﬁmrmnanalnghﬂ\lr@dcibbw%‘emﬂ\ésg|Vé'h%re<‘ﬂ Slralpy reQipng Pﬁ at least
nemgllpéﬂ ag{i‘?t\gngppov&éjﬁﬁgu%r oﬁé"ﬁ?’iﬁéfd?ﬂiﬂ\bﬁ@ﬁhh'ébﬂﬁée Pégiéns

arn regions of at |east 10 one' of
adqoosvhal ArmmetegMe@ mltwompgse%ulmmaqu,@qqopghdram regions
haqu%r rgf Sgr ggr%ﬁ qog(r)ui%ll 6%%& Nt @PLALLARHT &AM knird 'ﬁ@fdré@sreglons

'ons ~having a general

that ﬂﬁb@nﬁubéﬂe@ﬂﬁpmctﬂgmar s?mp@ndwhe[elm hthedﬁmiuswerce region is
regl ons t hat

arraL DR RE (L G o T e G 3%%%4%”@”?%3"3 and the

secbh8Sdnd teie® s@hr&&%%lbhgtarénﬂrraﬁgwmcqhmm toespanms! giges of the
e 15 second and t

s s e i A5 BB R cicont

third a:?dé% LEHHSt afd fsRebhA drai eRidegi Arfifitssaurcanggion is arranged

acent to third side f the f t d
aciacicesiousit sieR doecirst gPorPaendhATaiRgeg s AGHIE togion i

arréﬁ%écf BEhDesh B8 fifdt, §8&orid, rtﬁtrdaf&rﬁﬁﬁﬁﬂ gdiftfr Sbutce eggmms and the

gate region 1s arran bet ween the first, sec
first And dsecoodr diaimnegiensy ng %%S?fém%ﬁga'arﬁmtﬁ%tsﬁe a"fanged in

the‘&'g%fé%?ggcgﬁg%rpgmd,regéﬂ]sr egions. First and second drain

sTare arran the first and second drain
regloog2] [ 0/&3ﬁ¢thadrfer bhoeviding g0 buediated giickihcopiRiiseg providing

firs} gaﬁg#égq%ﬁvn?r i Sgé%gﬁg \r{%@'r@g éétrgeﬁél L)P%téﬁ&lﬂﬁg sHhBbNarranging a

| ar sh
firsBIgoangé nggion 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.
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first source region between first sides of the first

and second drain regions; 25 arranging second and
WwOhbe7d3656r ce regi ons adj acent to second si despof/ush®7/011207

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

Ihe first, second, third, fourth and fifth source

and th .
i b8 TRl by 8 ABEPABACIRLI B oA he first
secd‘nldr /ét&%gggg?%g?w Oms hagée anéngdth Wpap 09 pubsEsdiglly equal to a
PCT u
lengim b dra st SraiB eoiapaiurhbieth g HERL'6RY fiih LBGrce regions

have B lehglPYREEiY §BABP tlﬁmve:réedtmhgbfaﬂémgthl af the first and second
substantially equal to, a thefert draj.n

drain gggieRsandhehliisdi $EMNE F‘Bﬂrtﬁlﬁgéﬂl‘or??frteﬂ'% gy r%&“'%tﬂsthat Is
less I?ﬁé(ﬁ aﬂw c?ﬂgﬁrihé hidt dRiMFRAGEI Thearioh oﬁ!Cﬂlh@IftrsItpsacond and third

first and second 5 drgré}‘h %loga Th
sourberregﬁorssetsoaﬂpmwnﬁtﬁly gnedipltthe wigt gVUS W‘B{ﬁglon e
fourEFﬂ%'hd' tnl §(?l§rcte ?églénWé%hdﬁ\‘;eﬁ Reorhi iglks dihir@of. e fen first and

rst, second and third source
Secwmll} doain ¢antapisr bavera: ¥Fg toatisHaiPAteHbaR ArAINgRUFK@rain contact

h f C h
size, egﬁé cgrram 'Eo'h?%\}g nmqtv;goﬁ]n% d?;gs}t Lgrﬁg gbbﬁérhrﬁpﬁpsit?reg#&ar shape.
Thesdraimdodtaits ate rumcofssqware, reclanigulahaand srepseahaped.nJhe first,

h
cocS P 58l PoS AR S g gl S9BLAE  second

dralﬁh@gdir%h@n@ glﬁlé fied, setondarel tirdsspuace, reg@nsaargmraangemm a first
cross- shape

d hi
ot 5 N et N b SR et 4 i, o ot

one®ahB N @didRitha hews 3paté bhe cﬁ&ﬁ@mmdnﬂﬁlfﬂdsmecreglons
regions are arranged in a first furt

cortfPB4l ng Furtheli reYAES ‘Pfoﬂé’p"m['% ﬁ’?d &i ch?%ed]toﬁg/egpon will
bec%hné &pBhr %ﬁlt & t%e%\%d\h@é@iﬁnbﬁrmbvrdéwé@mamnet stiould be

source reglons 0034
undeegtloodsth@ﬁ the piet@dm Kieﬁynraifon pad it SKA '\‘& jndicating
p d r ded HbﬁV dses of
the BB eB RARGqimq R Tl e AR eh, D8RS [ nridee, o hup
illustestinin e:dlycmrzctarqanﬁblmt@mtedsﬁﬁeldﬂﬁ ithe srap@|0ddhe ifention.
i.ndicating the preferred enbodi nent of the invention,
are intended for purposes of 20 illustration only and
are not i nt cRBREEF DESCRIPTION QR JiiE BFRAWENGSent i on.

o e T e B PR e008 Sh i Gt o
the detailed description and the accompanying drawings, wherein:

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

[0037] FIG. 2 is an electrical symbpl for a transistor with a drain,
source, gate and body, which is connected to the 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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the detail ed description and the acconpanyi ng

draw ngs, wherein: 25 [0036] FIG 1 is an electrical
wepnraBesser a transistor with a drain, sourcePCgaIS2007/011207

and body according to the prior art; [0037] FIG 2 is

an electrical synbol for a transistor with a drain,

source, gate and body, which is connected to the

source according to the prior art; 30 [0038] FIG 3

is an exenplary |ayout of the transistor of FIG 2

according to the prior art; 8 WO 2007/ 136556

% 007 T1%(';7e %O%%%'Fb?'aﬁ diSoPFhiBSBPi8hY; Ystors that are

ransi at are arrange
arrah@ éd%ﬁcrbdﬁ @@:drdwtg‘l’e;tbielmorart,, [0040] FIG 5Ais a

f t f t t ' | j I: . X

bgéémcﬁé? PG AR sl oXARERLT 1875 BF thBlsifiofy jpoluding =
bodé&méﬁs@r@@@@@dn&h@rﬁ@my Iayout of transistors

I ncluding a body havin es hat

ga{QQ,41 I pFlA .‘;}Berﬁ,a 6 Q(T e p@p Y, Igygugggﬁ'ﬂasmttors including a

bod th t
oo ETHEEUANEh A1V s s, o ooy, e

"
ex{0@42f y Fé@o@tlSoa SECRRS @s%mlaméqlmtref Haeaiagprs 1acludlng a
bod&*@ﬁ\gtt hs‘arﬁe{ enscglj}gesour ce; [0044] FIG 8 is a

exe ary ayout of transistors including
boqpom]at Fsl;GaF/'rlamgtmrdl examplagplayest of U@@gjst@iswclydw a body

ifth e yout of transistors including a
thatﬂg(ﬂ;rar}gﬁgfmr@e} 5% 'ed in the source; 15 [0046] FIG
10 [0844] cr ars@.- B3 ie0 faulrtviexenflary VOB (afalangistars including a

ordln rior [0047] FIG 11 is a plan
b°d«)'|t @t 5r2 atgg ‘ﬁ eﬁg‘f’&% | ayout incl uding wel |

suljebas)e G @Ci‘ssa fiBGH@IMPaGy ladat o trangistorsiinelvdiig a body

a seventh exenp lg% [ ayout for 20 reducing RDS, n;
thaf iscrengadsn ti‘?Eﬁ? & pl an view of the seventh

exampis]y menutoofis FhGerodeléectional view of a PMOS transistor

according to the prior art;

[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 Rpson;

[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
Rbsqn 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] FIGs. 12F-12l illustrate other exemplary drain contacts;

[0054] FIG. 13 is a plan view of a eleventh exemplary layout for
reducing Rpson; @nd,;
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[0050] FIG 12Cis a plan view of an eighth exenplary

| ayout for reducing RDso,,; 25 [0051] FIG 12D is a
wobhkent/868ev of a ninth exenplary | ayout for redeCcTmng2007/011207

Rpso" that is simlar to FIG 12C;, [0052] FIG 12E is

a plan view of a tenth exenplary |ayout for reducing

Roson that is simlar to FIG 12C;, [0053] FIGs.

12F-121 illustrate other exenplary drain contacts; 30

[0054] FIG 13 is a plan view of a eleventh exenpl ary

| ayout for reducing RDson; and; 9 WO 2007/ 136556

PCT/ US2007 1207 055] F ' j ;

CORR) ol 4 ¢ Rty P papiis Ro g faftlidey Foaucing
RDSGIE! G 15 is a plan view of a thirteenth exenpl ary

ayout for_ reducing RDSon; 5 057]. .Fl 16A J

f ulRQ5&nal FiFodR %gpgfﬂ ey %’2%@[‘9&” i ngﬁpﬁfgloé@jom for
red Cﬁ)'g% gB.i s a functional block diagramof a DVD drive;

L{: 9] "FIG_ 16C is a functional bl ock diagramof.a .

hi GO0STEY | nFIG oFPA e AdUNSHRRAl HieRiediporm ol RRrLdisk drive;

fupgsonal 0 ' i HRlgeagOstt 4 OVD Héive;

oy BT B R et e e ok o o

of [0059) | uFiG. pigshds a[bwetipnal blocksdiagrag fQindt ﬁ%haﬂef'n"'on
tel blook di agram of a set top box; and [0063] FIG 16G
CeYIRI%% f uncti onal bl ock di agram of a nedia player. 15
DET006ED DESGRI1SD (8 DFfunBHomEERERREDNSEVETD hicle control
0064] The follow ng description of the preferred

odi ment(s) is mnerely exenplary in nature and is in
no [peE1j Nt FGed6Eds|d furictihal bloekdiagram ot 8 cellular phone;

applicatio or,_uses.. . For. purposes,..o ' .
sar&goﬁgi er gzr'i@e 19&#’5@rf§"\ﬁg'Pﬁa‘b@ocﬁg&érPﬁ4 6{1%%‘%} 56 ﬁcg»s(, and
to [bésey f yitha e&nises AlriitRIMas blodttdliagamalof traedissplaysr.
can 20 be arranged on one or nore sides of the

illustrated transistors that are shown in the FlGs.

as padhAfaEBDEYCRIPTION'OFTEHEIFREFEFIUED BRABDDIMENTS
now to FI Gs. 5A and 5B, a transistor 50 afccordjl H%tdo .
[0064] The following description of the preferred embo iment(s) is
merely exemplary in nature and is in no way intended to limit the invention, its

sys

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 FIGs.

[0065] Referring now to FIGs. 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 transistor 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] 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
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the present invention is shown to include one or nore
sources 54 and one or nore drains 56. The sources 54
wanwikessdr ai ns 56 i ncl ude n+ regi ons. Wil e arCRASMNUDE11207

transi stor is shown, skilled artisans will appreciate

that the present invention also applies to other

types of transistors such as PMOS transistors. Gates

58 are | ocated between adjacent pairs of sources 54

and drains 56. In one inplenentation, the gates 58

that are Iocated on opposite sides of the sources 54

as acgﬁiaconne gg% Prﬁ& 8ﬁl0ﬁh%\fmtf@ Sels) %6 ‘%Irmeradjacent gates

ver, the gat e need not be
decré@ﬁkﬁcm b@@,eebanay[teompr Aotbmcmme geterdb8dn dhe plan views

oS0 s B RIS el P M sl 8y o
spackBRfss thelyEs iR/ PIaA YR P48 SHEREON FIGLB)X) armd/oasubstantially

i stance between a m dport on of
aligrisyta e GRS PROIEALES SO B ey LilERgsome of the
areanBit tﬁé"é%'&réé‘%@%reﬁnéﬁoﬂﬁ dd)anel @verallesize oifthel fEans@t%r 50 is

In other words, one or both edgres of t d |
redusedma@s beompnsedd tor sianveBtigafkstraBsisIPTS| an i & emplary

mpl?ﬁ%‘ﬁ‘g@af{&h ﬁ{zﬁ*ls §ﬁ))v\f'f‘ﬂﬂ/ M. SUksd BEY B6 Waéa&:hamdvﬂﬁafpe

es In plan view (as shown in FIG %2/
ut [00&7]ng E!efmnog nave to fil@a. 8RaNché, aber @éeglp'? shapes for the

bodf BaB%ndiIE WAL b, HiBod) cblifad & HRagLATSHREL In FIG. 7, the

o B onpar 84t 0 conventional transistors. In
body I‘B'EQeweratllya‘Dptballrwasmeintaklllmh artisans willappiaciate thatthere are a

widg 3af_+?&g¥f gﬁﬁgssu;taabgf% %ﬁ%ﬁ S, enpl?ﬁ? e gg]g chf(% A t?ﬂi@& [FO¥hown in

FIGbedwhih ierdesthived. QimeFisGitable shapdsoidglusie aaellipse, an octagon,
hexagon shape. In FIG 7, the body is generally
etcfoot bal | shaped. Skilled artisans will appreciate that

?6669]" e @eféhﬁ'@ Mewi tet B’IG& Baher g sthict ghles Samaesbe arranged
exa e, a circular body |tz] shown in }ﬁﬁt d further
sucleh@h th%y @é% GogrIgtogeir WEEN: tREre AR SONRYG! JaRS A

apa@lI \M’S\Qﬁe{he?é‘ a?&%ﬁ?ibt ta§$.CIn Fadl &) eBholfectstagt 70 owhich is

gates 58 can be arran

ed
not {dnajed e the b@dv a%g%méte%% regigpavhee %‘Bﬁ?%{gtgaqes 58 are
|ocqt88§f?gﬂgéfébraﬁ‘pe‘n FAG2ab! aV‘BS(HE( tcBﬁE&t&WE m%ﬁféh lbaéﬁated in the

a sSource cont act
bodyo8@; dldoatedén BbeyswBase iS¢ nhese e @filaC%fg%W%ﬁ% age located

acent gates 58 are |ocated farther apart. In
farté?%asgh a body contact ta E 80, which is |located in_the

20 [0069]66 Referiing aiavd tonFiGhe 180 EMOS Hgapistomd20 is shown.

The gﬂa%%?s or q%be%cﬁn%egrg daqgac.to%qact 122, a source contact 126, a drain

contact 128 and a negative (N)-well contact 130. The source contact 126
provides a connection to a P++ 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++i 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 provides a connection to an N++
region 141 or N-well.

[0070] Referring now to FIG. 11, a plan view of a sixth exemplary
layout is shown. For some transistor designs such as PMOS and/or NMOS

11
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farther apart. [0069] Referring nowto FIG 10, a PMOS
transi stor 120 is shown. The transistor 120 incl udes

waea 0E86Beont act 122, a source contact 126, a dparmws2007/011207
contact 128 and a negative (N)-well contact 130. The
source contact 126 25 provides a connection to a P++
region 134 formed an N-type substrate |ayer 138. The
N-type layer 138, in turn, is forned in a P-type
substrate 140. The P++ region 134 forns the source.
The drain contact 128 provides an electrical

t P+ 6- '
ran SRS bt By B PR SHIR o R4 e b Yfther desion
critebavel Themmbm;t NL@el pcoMadbsamaso gasc beomnimiged\++FosPMOS
14 N- wel 070], R =
vanSiraein: oot Sa ik rt S SO RE01% 535 fnetdne avea
in NNOS tifaisdiolar dee @b&rc&audialmsre@dfé?nwdmaly MisORss1 important.

WD 2007/ 136556 PCT/ US2007/ Q11207 I tor
Theefeta,ribst ot dnskifar g6 Tirapyzes, e dEWalh sPhiaRt arRaR and the

soufdelGrairt! ea?r‘eﬁn SkillE8" aﬁisaﬁg %ﬁﬁwoggredihw lthat QWG@C lthe foregoing

areas can be mnim zed tran3|stors
desotiptisin retgiescto a‘?MQSra"ya'b‘HSt&ﬁ%r Simigh aripcp gstape'v to NMOS
trangfs the area in NMOS transistors. The source-drain
reS|st ance may be less inportant. 5 Therefore, the
| amﬂ] n M &lagautghown ieElIG.HE Ngatel regins: 204-1aP88R. -
zooarg é@@%g{l\?&?hégtedrrgp%ngr 8? a%élé @ﬁe'&&ﬂfed""ﬂe'tween source

re orn description
regioas @S 1} B2RNDS. 1, raats 224 & eqolecnvealarsqurcacraglom 2%PIgnd drain

o s, oA, Sk B3 Aol R 220F Scacan
gatéb§ obber tdndebpogaideiine gegitso2 19 atzazngz @Oyviderewittihithed adjacent
et ween source
003814 G nRVIE, e EE Mo 1502 2P Ul fdbions 224
are %?t@'rri%te@%f?ne% (tj)etwé’éfgi tﬁbzﬁil ;acégggéteetzocel y 0d r a:j n]c
i ons acen at'es efi ne
30933] 210 h@\rPJHeS O ERrSiSioE ha0Ad 85‘3 iy o ahd 230-XY
(col'ieer,gi'vgglS lg?&@ Dayd ﬂgngéierV‘QéO)\Ma% herrakyeéd Tadjg€dnto ¢48h other.
urce reg| ons are _alternately def| ned
Adjaeem«aegmumseofaUpaaemrSgﬁcéeh@@oR Noweh coatanip 268 where R is an
mtet(gze%%?%%tie? @%Qmel ]T hgﬁﬂl]\:@ell contac@é”ﬂeé%%n% located between the

groups transistors 230) are arrantg
adjactpracgmuptso ob alcansistoes . 230 deginnsgRdGpwhere the gates 200 are

qucg%&?{rtﬁte?%ﬁa?t.so share R Nwell contacts 260, where R

[0073] The source-drain area is minimized by this layout. For
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, abutting edges of the adjacent groups without the R N-well contacts
260 can be located in regions 212 where the gates 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] Referring 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 Rpson. The transistors 300 include
source (S) regions 304, drain (D) regions 306 and gates 310. Some, none or all

12
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I nteger greater than one. The R Nwell contacts 260
can be | ocated between the 20 adj acent groups of
wonrenTaBesor s 230 in regions 210 where the gat eBCRAB2@7O11207
spaced further apart. [0073] The source-drain area is
mnimzed by this |ayout. For exanple, each group nay
include 4-6 transistors. The R Nwell contacts 260
are provided for adjacent groups in both vertical and
hori zontal directions. 25 Therefore, abutting edges of
the adj acent groups without the R Nwell contacts
60. can be.| oc n f or
of trg SoUR. R B0 gl BRI anE Ly R 2ol SBhRRISTRS:
ullust@@trbqubwpdsmambtcalbmrtheosgmrberregma B04iare ahews with source
t he reglons 212 without the R Nwell contacts 260.
contagts7A) T-Referring now to FIG 12A, an exenpl ary

hi %n& TMe'giM@Qtsﬁooﬂefu@é) al ctievia@rbyardi patierwd BOBFEET regions
L transi sto

hown. . Th :
304 e vEERTIRS Hena SIgas SRS Sy [aians SO, odfole Bticully, the

drau% ?B%‘n%t:%é hh@é'a@@ner%ﬂWré@tah@hlermm 3A4, sadlree megions
[5 regi ons and gates 310.

Sone
3o4ma2@@7ar136g% ahmg sagh i of iy 9epera \yeregganqggar dfin regions

306! %hB%f‘al%oé?rﬁQX@ 866 Y8y BeepRIvided dfeiet @oaurharns of the drain
[ustration purposes, not all of the S%lb D
regloegl 306 304interseationnn bRIWeER oafiaeent seuLE Jegions 304. - Drain

con%gc%7 géﬂllﬁg 94LE% Bélgnﬁ(féd BE afcerited K&E&Rﬁf WitAd {I'ﬁar Brain regions

regrons are arranged al ong sides of the
306drai n regi ons 306. More partlcularly the drain

90 2 BN S5 s o s

each
regionge3ol tre geneomhinpnr mthaommaad;aceinm dragn dﬁglom@OG For

exagﬁjﬁ%éﬁié%fé: %?%%%13301?@3/8% B qy! g gb%cfe@hak% the source

ersectlon
reg*?ﬁnt 3647 witharedrakPdgien 1308-2nDradv regTDoalaﬁ)ka shanea the source

regtqﬁgsgﬁé ﬁ)nﬁ&@?ﬁq;%ﬁr? %gg[%g] n{gzlaqlglgl %?):B g r%%gﬁe source

regmseﬁ SaMtﬁntg\%ddr%% 6§0h 366-0WrER rddioh B0B- $Q§hetrd§@the source
conmon W t her™ adj acent_ drai.n re i ons 30

regmﬁ@ﬂﬂ |thhmhee<dram dagiom 308571 d h'iz%‘ HPaMEN g&. Yﬁ?ea"ed for
adjgggn%é%%%Oﬁ%QOgource 15 region 304-1 with the drain

ain region 306-1 shares t he sou

r eg[(m77304 R2aoih of the, élr@nareelqr@&% MBERaVe Brapird ﬁ'ﬁ%% greater

thapoSr dqidotfivd BfeiPiHe"Srea 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
306 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,
311-2, ... and 311-B may be arranged in source regions 304-2 and 304-4, where
B is an integer. Drain contacts 334-1 and 334-3 may be arranged in each of the

13
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region 304-3 with the drain region 306-4. Drain region
306-1 shares the source region 304-4 with the drain
woen7an6306-5. This pattern may be repeated foPCT/US2007/011207
adj acent drain regions 306. 20 [0077] Each of the
drain regions 306 may have an area that is greater
than or equal to two tines 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
d n
dral%[ﬁgpgﬁwg )?r‘dh%&ggm? &cﬁ%&h}o Br RADEY $BY8 may define an

as the source regi ons
area3fhht ishgreZiedtizam thegareasotaﬂm eeyréaeoniaead -1t iathersource
equal to two tinmes the width of the source regions
reg'%§04[%078] Referring nowto FIG 12B, a nore detail ed

‘é'r b7 pashbﬁagggﬂyl all&)tdhédrmfrréﬁt@ogmﬁg betwebowhe drain reglon
ain contacts an e ass

306-@ ang ﬂ@.%t:%maﬁﬁdgégﬂ gﬁ%ipet@i’\?es;i a%uc%sm taéijacent
sou@%%%%r%é@qe ﬁéﬁs %%tdv@éﬁtae&cmb ?éﬂnin 835 oP ie trainfconkact 334-

regl ons - 1. ource con

acts 311-1, 11-
3 and facmmhames@%y 3@7-&ra@wrssﬁ-%eﬁﬁegrqee@%ﬁgt%%f41-é 311-2,
ag‘gnfls?iqL]B‘]'nsi‘:g% §8urc% e;gléﬁ dd4-29e Curferiti flowg® Nk aétsﬁ'mlar manner

arranged in each of the

betvaaay /otBE6 mlmmwm ahe2drain gomtacty 334-5na3ng (ﬁpuIcgrﬁpntacts
(nOtaﬁ(}‘é’g‘?'?)h'bS&RSF EHJ\S‘E ht s%r%br}eﬁﬂmsaﬁzl 3340d-gMBMddRlalpe an

I'S dgreater e area of the source
cornoaso] 31 Refeiring mevsdar EKS. &, oanather 2ex¢mplagy high-density

tayogit 3o e b Sirflssg MO SEE T IKIOS) RuhSRidiE YRS ShEwn. The

ce contacts 31
lay o’ﬁtltéhds to grdvidél{@voturnhen adraioeourcs oesigianegi BIDSon The

304-2 fl ows between a facin o) 5 of,ihe~dr
trané;bﬁ“)[a%gﬁl@gqcluée gﬁarqedgqgianﬁ%()@ ﬁ 312@4 %% 33_}?(%1 Lo} d‘?élﬂ C[eglons
306381, §09f1zsour§©6-ﬁqﬂéﬁ§tg?at8§lﬂb. v(&iéreZQ and T aredlrﬁégelt% While

in the source regi on 304-2. Current g?W?lnas

foumtewie rare pEhonse in ke ZBaCe}qutlwltqm{gr HIOWS ﬁrﬁi"/or columns

3 S e tecine sdlircennd én@\&m):lnfa include
ma)gciﬂat %Ha%ggél%ntg@glgr g\lébrnr%egf:gﬁségm g r304 69|and 304- v

sourcé m&mctsz@ér r Fﬂrgl"h@tﬁﬂ'tl@n PUEPOSERG, Ok it AfcthecSupe 15?9’0“3 304
are (i%%ﬁ‘ ts¥>ur(]: Y:SH{%;E% f(:%ln'p}’e dé&jrh'é §dgMSBb4-12 includes

r ansi ors | ayout tends to
somce‘clodeadtsmﬂu‘r rBoh2dr. alands'-bh‘rBemeﬁ BrReiINtegeh The

AR OREY, 4BRGHI SBURGS rEERNanEadh-dda-2304ul3, .
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 fength as the

source regions 304 (such as source region 304-12). The drain regions 306
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15 306-11, 306-12, ... 306-4T and gates 310, where O

and T are integers. Wile four rows are shown in FIG
wa28)7/1a6d6t i onal and/ or fewer rows and/or col UROT/USRWY/011207

be enpl oyed. Some, none or all of the source regions

304 may include source contacts 311. For illustration

pur poses, not all of the source regions 304 are shown

wi th source contacts. For exanple, source region

304-12 includes 20 source contacts 311-1, 311-2,

and 311-B, where B is an integer. [0081] O her

(suc§L§§ ?élﬁgrecsg%rgc@g)gg Ie&%i(eﬁé\ée égea(%éﬁ ﬂ%%rlm %ﬁéacﬁlal fto awentﬂ'nes the
mdth‘iﬂ'tﬁé%o%@@e asgloRe BORg sudh Reavubye degioar304B348).1,

d 346-R
Col0083hs) Sebsimis papiets S Aleiote. et 21143 $8 o472,
34756315@@7 £8%cNac Lubdtttelcoract! 343) may bénalrraﬁged?m some,

extend adjacent to sides of at |east

noneeiyi ahef t@aslosmﬁe%oatca egiens B4fn g .Pmef@%t “and qHgber of
subgtggt(?l%ontra[:&o %%]735%9hEquﬁl¥tﬁng 'Rl Varké&difenea2Bbof Wfélongated

rarn region have an area that is

Sourﬁeemwns Bad. d?ore@(mnplemnlmhﬁuwt&aﬁ% CQF?&‘%B“Z&&WW in FIG.
12(fr th?%loﬁf%r é grlg'gﬁg‘?%glgés%aﬁ%su é‘ﬁédé%?cﬁ’l L8Bent é%g&?éd source

as draln region
regnnsa; 3w e EBadisohitie aldngatérd soume regignsd st may ln§l§{§iec’@e same

4 h
o
soufée! ngi@‘hsdsmn Tﬁglsubs&aﬁe g??tamgt?;]m enay bet alignathor eifset as

equal_to t st e .S e
Shodgh Bl SRR o e FEvIOnD A ey BB “af S8bRte contacts
3470?;ﬂlgél%hér33é7%t%éns aﬁcdr?en‘ﬁ:ﬂatealb ?47t 22, 347-23, . %
CO ectll rate CQ S
gl Feieg rearis EGY ST BaS RS 1 As, s5-a3
anc??ﬁgg@i $Ha ?%BGI%erl%fﬁﬂﬁaﬁélétorTé”@a@ aFGﬂEﬁérr@w fi"rEﬂhEHas 345-

substrate contracts 347 may be uni form or
A1f 3454 h345-A%hand| Sthrademaysha r'@%aﬁngP%W‘ée%h&"a'ﬁdPg‘o" 306-12

b h
anf?@ﬂ%g r%@lié(rﬁ 30 fﬁ' 8hhat e362782CHRd HUA-5heuspédlivelyG Second

‘'omthé substrate contacts 347 in
aread 34;51&1 , B4R, =BG aed F45yBdnagaprovide hest upaiyl transistor

arcs onlg(sr %a@%@ T%Teecoﬁg'aqgﬁs 8. %?VSA%%QJ 5.8 a?rﬂf@4§—@4 L may be

rent. nunber strate contacts
lochtmhbeanyerre sburieorgidred304-0ar 8¢4re i3 3and 3.

SRR R i S B SRS 11, 007
12N84FUDSt BAT©2¢ BY7ALSS ... FAdy L5 idrtargieukin wametnares oarall of the
sec(::c?r?c; grg)l al ﬁg B1, 345-B2, 345-B3 and 345-B4 of the source regions 344-1,
344-2, ... and 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, 347-22, 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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[0084] Referring nowto FIG 12D, first areas 345-A1,
345- A2, 345-A3 15 and 345-A4 may provi de useful

wonrenTsBesor areas. For exanple, first areas 34B€TAIS2007/011207
345- A2, 345-A3 and 345-A4 may be | ocated between drain
region 306-12 and source regions 304-12, 344-1,
304-13, and 344-2, respectively. Second areas 345-Bl,
345-B2, 345-B3 and 345-B4 may provide | ess useful

transi stor areas. For exanple, second areas 345-Bl,
345-B2, 345-B3 and 345-B4 may be 20 Iocat ed between

sour c ns 304-.1 3 -
aa4-B0ne8 4 LBndesnrs bRy, oftid plotiidd siifo dljichs sa4.1A and
344-8ATarbldrived frof? ond4sid@ by c&ﬂlvbr§234633m @8} 346-2Am)T Heeelongated

arranged in sone,

sourgasogons -39, At A4 el shBpA R afeRep GidfL67 Arivers 34s-

g344-1, 344-2, ... and 344-R for exanple as
1Ba'h§%tﬂ§‘? FIG 12D. The substrate contacts 25 347-1

34[00BF] .34Drain coplgcts 3343nFIEs. 12A-18E N3y, ed F‘AWBBH" size
! n 4-rday h
or iy ¢ ISR B A e D] o 68 ey v o

smp’iébrlégul%%habe @uopan igaguiap or Tomplex shapenalg,oq@@ngle the

drain ﬁgﬂgqﬁﬁ g@t r'@é?" (;f% %%apafg of ﬂé@én?@laﬁ_ sW'aBU‘(asngoWn at 344 in

FIG V\MﬂAh 4 loadss shhpe Jas hovor aeqééI-Wt o ElG d2R). QiOVQﬁ'eﬁﬁ ghapes

(as ﬁécp\&g :Je{tcl‘;g’s{gﬁp %,g%% &g@ ﬁ‘gq E %% hiEs ectlgggﬁﬁi modified

cros8nshapsdt Zegidine (@eﬁ asHovet d1e884eh upaFl& dQI)eIaodgut ether suitable
source reg

Sha@@%}?ﬁ?b@ﬁshubﬂﬂ g roaaipnd. sRuBl sydiadio, gon-symmetric,

etc.! eﬁrﬁ’@%hbsﬁbté cORRcH Baganay smilany Haeei arstm&MoMegmidr shape

- are driven from one S|deb drlvers ‘13@4
anden@mwegm@r @ eprpRlexsshapsysipdlar é@ gdraip gopigcty

3410@5%@ ﬁ%bﬁ%@%ﬁéﬂ&ﬁ&% 1Rk Hurtyedbi ¥elredtitadis B in a

Drain contacts 334 in FlGs.
givelPdeUr2E negiorhmay ke anrntager dhatds gseaterdhan anesand less than six.

reat.er .t i oMt
n 58 ok M uaPials ot rhe 4 b o
contastpB®4-3s hmebng:rea&mathﬂre ortempial dpa? 1B 'c dheaarea gng of source

corle RTINS, O SICARTRERIBIRE, (e Bl 2 5 e

shown at
drafr! éb%%aﬂeguohcaaa -3l raaf/ I'ﬁhrgw; atéa (laat usranmommegsw greater than
and 4-Y and_12H
o S e IEPs EHn SHEBen T BGPo CatORRELS i 2B or S11°B

WhEhGB 2 Bquandéos, m@eiraswcbatﬂcﬂ region 334-3 may an area that is
approximately greater than or equal to 8 times an area of one source contact
311-1,311-2, ... or 311-B.

[0089] As the size of the drain contacts 334 increases relative to the
corresponding drain region 308, over-etching may occur. In other words, the
etching process may adversely impact adjacent regions and/or underlying layers.
To alleviate the problems of over-etching, the complex shapes in FIGs. 12F-12i
and/or other complex shapes can be employed for the drain contacts 334.
Alternately, the drain contacts 334 can employ deep implant ions in and/or below
the drain contacts 334.
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shapes such as but not limted to dianond, circular,

symmetric, non-symmetric, etc.. The substrate
woami7acéxs6 347 nmay similarly have a sinple or requiuaroo7/011207

shape and/or an irregular or conplex shape simlar to

the drain contacts 334. 15 [0088] In sone

i npl ement ati ons, the nunber of source contacts B in a

gi ven source region nmay be an integer that is greater

than one and |l ess than six. In some inplenmentations,

B may be equal to 3 or 4. The area of the drain

cont 334-3 e . r t * .
R, 8 0 S s n o
e!ongéﬂe@éouﬁt@rretgmmm, aévlﬁm; Brés neayube provigedtin@reoor both sides
rain contact regjon - a anLga. i
of i FAERAIIGN GHan B AR BB ba P 13 Bip e, 2458, A
subssc&fﬁ ntaBEreYBN G800 Betpditioried Bilthe2relief area. It Bhape of

Bis equal to 4, the drajn cqntact reaqiqn 4- .
the pleyigate BPYEED 18I0 344555 BRIALFY &1 &0 cRPYETA Fids of the relief
areiﬁ%ﬁfée@ el bifES MY falicHf arRReafi@UoCpres@nt aetiuctidriid current

-2, ... or

311-B. 25 [0089]. As the size oﬁ_ }he
densitpimarsast efdhe edongatagaskse segienai44/seantheglie! areas.

Ccof g§§ nd %ﬁiﬁ'@gﬂo&e@ ﬁfb‘é.o $3-13) &drafif, (b UtBe @ gate regions
océ . 1n other rds, the etching process may
can aalse heskyothep abapasijthatesan begusets tayminisnize fesdny | Rgr example,

i 'S, |1 ey - hitag. I
a5, P19 L SHLE ol 88y Sy PG 9 ol
shagezm é@gﬂr?mflaapmﬁndm otfed $utakle shapssn Gteaegions 349
. - ernat e S
nityerpranianghitn Wil S SR 258 opbcag SR ome

conddéting fe iGN XD, 1SHhikh SeTiddER aey idertitied in[FIGRAK usingra prime
alternative to%g)

| lacing the substrat gntact . i

sy el chgalbh QBT eeopog SHE 253.40Cafe T WS nddirghaped oate

regdraVaste d Sor@ e dibnd 860 aredesatea intdwweenrtbe gagiregions 349 in
344 1 n areas 345-B1, 345-B2, ,345-B3

d, 345-B.
areggibepthran the Mside éjS the %'W'E'éﬁhﬁgeg?ﬁﬂt?i rg%o&sfﬁSthubstrate
cor@ﬁ%@%fi@%ﬁ@lo&&@d e s8irde idifortd 8B0ATENS drdingeyiRyisoBA8 may

can adj usted on_an opposjte side of the églief h
alsaripalude af¢andact rroienfIRQ. of e HBCAE|Gale rEOINNR A2 Blay have &

verflidh Span GO o UL IS BRI Bl 0 RERto) Boeiga? Fhehite, latoral
spdddiy IderRificer at ‘fybebvearo adjacent chcukr-sheged, galgUrgONENEd0 may
be {bEniE8e i e ses BEBY For exanple, 10 drain regions
348[o0@R]havBrain Gireas|368 chnpsabave@alygen shapes.3 Fogrexample,
theecljrlaiilji) tairggsl 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 “j” that is minimized to increase density. Likewise lateral spacing
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shape as shown in FIG 14 and/or other suitable

shapes. Gate regions 349 include circular-shaped gate
woen7aness@50 t hat are connected by |inear gat ePCT/US2007/011207

connecting regions 352. Simlar elenments are

identified in FIG 14 using a prime synbol (" ' ").

The drain regions 348 are |located in the

circul ar-shaped gate 15 regi ons 350. Source regions

360 are located in between the gate regions 349 in

areas other than the inside of the circular shaped

ldeny% qe ﬂg‘e 4 bﬁﬂi%erll gglaés.#?ﬂs éégé&)ﬂ] §ﬂ§P té@é ne 37AaratMthimized

regl ns 348 may
to inéles@ei drigitge a contact region 366. The |inear gate

regi ons 35 have a .vertjca ' " i
R R PR ot b dBar 19 el g o arcas
in Fﬁj’é‘ci@-gs @ﬁﬁtbé iR§ sthapd thdﬁeismeymnmiyla(mmm at least one of the
circul ar-shaped gate. regi

rortstadd i sareiossCl sl STy
13-1BOInA g &% trafkisforaMPl ke shipe dfrmerur@i:e&sguoam nlmwmclude
a he agon ape as shown in FIG 15, altho

any pyinygetiicsiigpes The sbapaseay lapgray égil%tﬁélcgg%m mqmsr point of
the @%‘?%ﬁg% ?rhlge?geg Qh@/o%fésr £ AR puift b\hﬂfe fefin GfsH REir&dkes in a

e connecting regions 372. The drain
directegyi toveardissore er mera odiet Tlﬁafi!?ﬂ%tqli%xagon shaped gate
regi 37 ce gikQn akgeal te mola
%\@e@ thgtegff%?g' reap{gﬁs ‘gGSFll%%Qar ggé %erd/ta'ngﬁst hzxe pan
|mpllemrctat|ohstmeohmagog tHeagedchings lcégthﬂwsprswnt disclosure are
Substrate contacts 384 are |ocated in the source
sho O¥8gi ons 380. The drain regions nay al so include a
conbess] 30 Refgirng B6W.toTHIG. I16¥e,amegmashmgmettha1glsctosure can

b irilemantad 40 A FRESRETS ArbaeE HEPEE (PEAIAR The HOD 400

inclh@s$ %ahaﬁpa%k%seﬁbly\mﬂmua‘%&ﬁﬁa RDOUSZB0Z02.1 THE7HDA 401
Identifred at "i" befween qadga ent hexa on- sh%ﬁ)etg%g &t store

may énflusie & T0RBRSY MSAIYBIA0E.0SFIE ASaCRS (Rl Pig ?{“

datﬁ‘s?ﬁ@ré F&@Wﬁf@@b%@%ozf heheherepwfils détiee 0l magnise arranged

areas in 3-15 can be an shaBe that is
on ayramuaiocr an“o&DSaand aw rearhapf WHie data,ghithe ipgangligmedium,

VeIl i I LR&S Smotdre406 that rotates th
403 ~ Add @c% sﬁttﬁér_lllgg 4?§ lﬁglﬁd@’éaé %pﬂ'ﬁcﬂé of anS| | oa rotates the
mag'hetushapdumh 408 anhdian vp&g @wi rnﬁgpn NEMae204 Hhat actuates the

net ri h Y d bv th
actid{Sa. 4B ok Bred PUfcPpER A0 BRTpIRGs BIGH:AS Yoerated by the
reaghwhiter desice oM efuring neadf opheationsi @nak dEOYiHes etiga3ls to the

readivite JuvigS Yol nd&r?nv@wﬂ?e 8RErtforid0r € other transistors.

[0096] The HDD PCB 402 includes a read/write channel module
(hereinafter, “read channel”) 409, a hard disk controller (HDC) module 410, a
buffer 411, nonvolatile memory 412, a processor 413, and a spindle/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 /O interface 415. The external device may include a computer, a
multimedia device, a mobile computing device, etc. The /O interface 415 may

include wireline and/or wireless communication links.
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10 [0094] Referring nowto FIGs. - 16A-16G various

exenplary inplenentations incorporating the teachings
wofod7heei36 esent di scl osure are shown. [0095] Refaiseiong11207

now to FIG 16A, the teachings of the disclosure can

be inplenmented in a transistors of a hard disk drive

(HDD) 400. The HDD 400 15 includes a hard disk

assenbly (HDA) 401 and a HDD PCB 402. The HDA 401 may
i nclude a magneti c nedi um 403, such as one or nore
platters that store data, and a read/wite device

404, e read/w ite devi .
“lhosts R HSC ot oA, e e R 1BAF e P01, e
read"BIgAYRd| 408 cihenbuHéB4 1 Addohvalatilel nennory #ER, @1 processor 413,

| ud i nd| tor 406, th 2
the srlgsery Mgt enmsIB AL aa0gardne 4T I bfiarS Aty mpprocessor
4133% %?&A)r%@éésﬁsthlbh]?j_até&cﬁrﬁtﬂb@irga@méﬂﬁltg,Adgca?irrgl i fflieging, and/or
evi ce a ITIes Slgnhnals ener at.e
formedting-wr The ﬁ@ﬁﬂ?éeﬂoﬁa’@%m% t?%éaﬂaﬁbteg%_t%sng%a‘““; the read
char&/ﬁ%’&@@str@ BOfkLF 419 tﬁt?rivdieﬁﬁé/ﬂvém%dem,cw\& Aoddissbna 13, the

e operations. [0096] The HDD | 402 includes a
spindéssWOM idrivet hothie 4fdd and/orbe (2 fraerace dd- " r ead

21800881 1, FE; nE™ ol FR7 Pty Plisd M9 OBeN &1t andlor

nonpglaﬁ@swméww?nd gaorspcuatm rekaRtldei therconitsd Zcfr@i qaetzg of the
e chann e a iny € r i

HoR il e BTGP 410 el RS DrUALS SoRaby et L TREARShvolatile

merfBeY| 4124 fagomaude flasinpoerorg (hcluding-HMNDL ansd NOR flash
comuni cates, Wi th an ext ernal Vi n . :

mepRRaPHARE FHEBPFaEBTaY: aenell JFAu ‘3’26‘?@2%@@?”)“9“’% n

whiti dadde nferiBAP¢eRrhas monel tiaediva statésce, The sphidie/VCM driver

ing devi ce, The |/Q.i f

mogduie 4tk conirela 8 SRtk TP ADBLIRd e TEs 87" T The DD PCB

40?&?6@&2%?&?&%&@1@&2@@&@%é@?pov[:ék%?ﬂhewmmms of the
noaul e

may recelve data fromthe HDA 401, the read
HDBrhel 409, the buffer 411, nonvol atile nemory 412,

th i ' fiblo
angpgrbg?ﬁ:qﬁ‘%% noW ERENIEBNGRG esdcrengsref tthe disbfosure can

erface 415. The processor 413 nzany

be mpleaEntetién ddransisiacs of BridVBrdrie #18 a1l g Rgdrive (ot shown).
filieri.ng, td A T r .

od VRTS8 4 o A FHB i qgTa  uespeiehaouom <20

Thd O\VERPCR 41Miociuniesta DY Drenptrel mpziule 42 1padudies 4224 ngnvolatile

metpmh@ergr égad!g%%Ncg\éng i&ﬁ,r a%%l@%ﬁfeé’d‘%&&r)t&}?vér/ bdule 425, an
analog front-end module 426, a write strategy module 427, and a DSP module
428.

[0100] The DVD control module 421 controls components of the DVDA
420 and communicates with an external device (not shown) via an l/O interface
429. The external device may include a computer, a multimedia device, a
mobile computing device, etc. The l/O interface 429 may include wireline and/or
wireless communication links.

[0101] The DVD control module 421 may receive data from the buffer
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 I/O interface 429. The processor 424 may process the
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[0098] The HDC nodul e 410 nmay use the buffer 411

and/ or nonvol atile nenory 412 to store data rel ated
woaot7heeseont rol and operation of the 10 HDD 400T1/USh®7/011207

buffer 411 may include DRAM SDRAM etc. The

nonvol atile nmenory 412 may include flash nmenory

(i ncluding NAND and NOR flash nenory), phase change

menory, magnetic RAM or nulti-state nmenory, in which

each nenory cell has nore than two states. The

spi ndl eNCM driver nodul e 414 controls the spindle

dataa ||?;8{}\g|?186 and ! h%%e\é%:&g?go 7 e-rrlﬂgeg@@/dp ?grrfléﬁlﬁﬁz THE b@f?nodule

5 ower
isﬁgrﬁil prbeesdibg, éOGh aisOOB:Bﬂo Ratiforr audjoncading/decoding.

|G 16B, th t hi I
Thelmpem st sy Be-ngiud dp ahg SR AR Ry g8 pegoy 423,
the %)rSQaQédrVﬁzﬁn%e sdinBle/FMIT digivelVPndaulee 4253 thechwleg front-end

mo@@@ﬁgt#@r\?@gﬁ@%@%w% MRIDSP 530018 42k Aarlor the 10

mtenéfageg,?ﬁwo' atile nenory 423, a processor 424, a

/| FM (feed notor) driver nodul e 425, an_  anal o
frc[mlO%hd TheuDY D1 zentrel vpedidest 2 hinaay UsGd e bupier 4§%dand/°f

0 T t
non?g%? HZP&H &ponen $ %# Q%ta %QMQO%E éﬁtrdf%& 8péréation of the
DVDodrivai 4t8.es Thiet hudiere422r may drslude @R&Msrﬁﬂﬁﬁ'\% glc. The
/O int aq
e
ﬂasﬁ&ﬁéﬁﬁ)ry)ebhaséhmahg@ mehmryamgmwcmm ¢ Muglti-state memory, in

e by G et 3R, P 3V GBI ot

a pBWé‘reéu 4@232thamgwoio@*s bew@enorthemnpohenqsrotmmvo drive
4, the spi ndl e/ driver nodule 425, the anal og
41a‘ront end nodul e 426, the wite strategy nodul e 427,

the O%Bg MOhe OVIZR, 48NS ifdedd h@t:hﬁﬂff@e@eﬁtﬁa 43hea laser
processor 424 may process the 19 2007/ 136556

drvRCHAAS 200 D ORIGH qyiee 433 nwhirh RgYhe 8aignlicalirashyvrie (ORW)
de\fléét err éﬁ‘gasptﬂ:réﬁj/rgédfd?ﬂﬂﬁﬂ neevaQe [RSBp ek Botct 2434 rotates an

nal processing, such as V|deo and/ or audi 0

optmaﬂlstrgpagecmedngn 43fheanpt Gctessemnaiat QSﬁE@}pt%te(guﬂEU@ptg@l device
w3 5L S Gl B hBIIRG 125. L2 Sceseer
fro[m-mﬂd W@dluf&addﬂ@ datadrami the gph@alesjyraaﬁjm%dmw435 the
Iaser %nver prow es a4|%§d 6"61%9{0 Méeob{u&| device 433. The optical device
433 detects data from the optical storage medium 435, and transmits the data to
the preamplifier device 431. The analog front-end module 426 receives data
from the preamplifier device 431 and performs such functions as filtering and
A/D conversion. To write to the optical storage medium 435, the write strategy
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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interface 429. [0102] The DVD control nodul e 421 may
use the buffer 422 and/or nonvolatile nenory 423 to
wetmra3daba rel ated to the control and operati saTaS2d0he11207

DVD drive 418. The buffer 422 may include DRAM SDRAM

etc. The 10 nonvol atile nmenory 423 may include flash

menory (including NAND and NOR flash nenory), phase

change nenory, magnetic RAM or nulti-state nenory, in

whi ch each nmenory cell has nore than two states. The

DVD PC{B 4tlﬁ i ncludes a power supply 430 that provides

power e o) V| j ;
440, Pitivery 0 BVERSR0 CRay o i VRN tcifacd Ado el nesociated
antedidd 444, hadan externadiintéBfaceatdb.an optical device 433,

whi ch ma i ite. _ .
oplonbel™) i HpJ¥: (B o2 eSS AR Londle o g
inte rf%:%ﬁ?ﬂ?s %ﬂglcﬁptfz@ aéxttﬁtrml al?%rfﬁiﬁhd w5 3nhidnseadseadd receives
ct uat es i i
oo e L TRLSAL S Y gorvo
modgl%t udd "rﬂbghSrd@)@stﬁ‘\e Shﬁﬂﬁ@%rﬁ@gi Utihidng téreodirmg edecoding,

river provides a read powe o the opti cal devi

filterit@R artier fopmiadting, (%\ﬂ genergta o Signalg: A he QH{p(qi%ignals may
be c?)ﬂﬁerjn%ﬁlecaa%c? irtcﬁ‘%%e”@ldh’r&b%hea& pta{yaﬁllggj hierh&§ 4481 athicOstorage

i
. ier device 431. The anal og front-end
device ddi2e tHR BV AN dnestaceA48, andhther edepmal ansriaeedodevi ce

43 pey h ncid ' i
o A, e 4T b Fcfite Gankioh CA¢cBeTMerdEry (RAM)
and/43 horivtatie i nensdry aswayy asnilash enerdpry,r pindse cHapgeegnemory, or

| evel and tinmng, inf ' '
e 28y G SRR o bl B Efe fid Sho s, Tho
storé%el\Mévﬁcﬁe dapamhy indladepdn oplicalsstorage diivdj auciazs. a DVD drive,

05] Referri. to_Fl ' ,
analgr e st e SHEHY- Abe R EopiB, hERLK 283 Simbfifhicates
exte;'i‘rr\]%lllyggéfﬂgé %%Wiﬁttéﬁétlié 544831 Fhﬂ?ggﬂnaégterﬁmanteﬂm@e 43%. The

/ control nop , L spl
POWES BRI PRUAMD Provides\powss 19 1*3% Qgé‘ﬂﬁtﬁﬁ"%’s?bg% 3@@88‘37?
.44301 g§1tmr ﬁééﬂ‘ingané\h%?igadm{b ,Ctﬂe“té&chmg‘é\ldil‘ﬂhe disclosure may
I ntertate 4 an

I ; ~associ ated  antenna 44 ,?nd gm .
be itngilemeatted in ertfansistansof pyedE]e 98- HR/ vahiFlg 46 may include a

recei ve | i,qea . ¢ 3 oui
verlgle ool BT T SR A IR PG Tt 00 dovice
450r eared Ve WLAN interface 452 and associated antenna 453. The vehicle

control system 447 may be a powertrain control system, a body control system,
an entertainment control system, an anti-lock braking system (ABS), a navigation
system, a telematics system, a lane departure system, an adaptive cruise control
system, etc.

[0109] The vehicle control system 447 may communicate with one or
more sensors 454 and generate one or more output signals 456. The 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 449

21



10

15

- 20

25

30

5 information via cable, broadband Internet, and/or

satellite. The HDTV control nodul e 438 may process the
wonpri3eisgnal s, incl udi ng encodi ng, decodi ng, PCT/US2007/011207

filtering, and/or formatting, and generate out put

signals. The output signals may be comunicated to

one or nore of the display 439, nenory 441, the

storage device 442, the WLAN interface 443, and the

external interface 445. 10 [0107] Menory 441 nmay

i ncl ude random access nenory (RAM and/or nonvol atile

menpry such ag fl as h r
and/RI TP stciege ndners. 2pt wilenoBL RO ey Mol jtinadly access
memdt$TRAR) ahaldhonliotatils hesragey secth as flesh manadrycphaie change

an"optical storage drive, such a VD dr i
mengonaPa ERSISIA JEmRDD)T WHES AOFY DR ool e g Han two
statdO "B GBFESe devRsiAsmmdyinciiid Aa opitiehll stiragé atrivedéach as a
and/or the external interface 4

45. T |
DVDid0ves avdiess ForaiskSVRUHDL o 1 BR e Pl fREHb SRRy 447 may
conW?gateR@{tgFﬁélfﬁéﬁﬁ tﬁ??vﬁb@\liﬂnfia!kadéﬂ%z.eachi ngs of the
I SC e rnp

osure my enented in a transistors

f
vel0t14 44BRefamiagveeidpd %46l GRaythenierehings ol dpglosure can
be @%@%ggta@e’ i gg%%@% BRI Horfe 858 MaTHY dell%ﬁ&,cf)ﬁbne 458

N interface 452 an
inclades®o e gphedeacostrab miGiile #E0,vahpewer iy @62 yaeriary 464, a

447 b '
B
mayP irffide sSWALAN iniBRce 468 avidgassaniateslyantennasd69, a microphone

tel ematics syst a .l d t :
4700 @pRN0R QUL 4720mie, S 2 5ERaker BRI SARPY, Bt pilispiay 474,
andv£ 06t ﬁ\pwra!eﬂ/?&watgaam 447 ?@ypmba:ﬁdtdrcm:timirvg tevioee or

nore sensors and generate one._or nore_ out .

51 gRAT2) 456 nerRBORE R HedIRET MALAReT ¥ty tiggels from
the?%!\éﬁr?gg@%ﬂ@trﬁéﬁ&&@ﬁﬁ?eﬂ‘fé)mlﬂriﬁmo@ Ag8)gbesmicrophone 470,

sensors, airflow sensors, etc. Th {)put
andfouths seab o AGP. T RRONSpRoarelopilE g dpay process
sig%éalrggﬁmﬁ&iha%Wi%,‘l%?&&m&”ﬁﬁé‘iﬁg, Sh@peRsineating0and generate

neters; ( e power supply 448 %rﬁovi des f
outpotveigrtads.t HEhe arpprksignals mae bey gaMENENigated yone or more o

melfialy 45 i iR DU R o Dstiss SR UIEa g W TRiERare 467, the
WL irdtgefade VieBe anBthe e putnd 4%@/ i ncl ude random
?fgﬁﬁfwgf@%@%@ﬁﬁ%}gﬁnﬁm&@'r%'bbﬁ‘n MR $sH0AP (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 to 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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menory, or nulti-state nenory, in which each nenory

cell has nore than two states. The storage device 450
woayo7ineisade an optical storage drive, such asraTAsBMDo011207

drive, and/or a hard disk drive (HDD). The vehicle

control system 447 may communicate externally using

the WLAN interface 452. [0111] Referring nowto FIG

16E, the teachings of the disclosure can be

implemented in a transistors of a cellular phone 458.

The cel lul ar phone 458 includes a phone control

46 I
g&a@ d&p% 5%32@5 c%% é\y%éﬁﬁul 5 fé @1\(@{@%} sugnals from
the WLANTh‘ﬁeﬁ@d:é e apnhloaa dﬂémaﬂa:ynterfanwdéh Wi can send and
nterface 468.and, as
recehwmfgﬂnggan d"%l??ﬁfﬁ SQ(?Q%&; ﬂa\g rﬁgg D%Qﬁ%r @g@élﬁr oDJﬁR@%et top
cont‘PHF Piddule2d80 rAayipratass 4 als aneludingsemcadipg! deeoding, filtering,
6 such as a keypad and (PPOI nt i dev Lﬁ b ]] d]ﬂ lud
andfﬂfé%ﬁ@ﬁ@%@ﬁ‘@r%”%&%l%“% igpals, oEla? PHRYRigNalsJRay dnclude
audld 2R ]pil‘51&(4?)93@%5|sulln3§taﬂééﬂéf3éﬁdﬁdﬂ‘hiﬁﬁ deBnifien, fotrhétsV\L'ﬁlNa output
Interface , the mcrophone 470, and/or the us

SIgnalmmasdbeuwmmlcaltﬁé taHBRNEAN ijeriRee 4GS %6/%59 'the display
481pr &ais Iai) Q@gbﬁay & d@é'i@le@%‘?&q'e[‘ﬁroﬂ&%?déﬁworamonltor

erl an mat t | ng, and gener ate out
S| D41 6] TFr@eqm\pet sepRINA8S proyides powalie the @émpgns'ﬂ@ of the

nor 4 C
set Jop 0% 7. PO 8 sha BLRIRDRREEh oS, pichion (RAM)
andﬁ@%oavdahleenmrdow suthuas flagh rpemcsy phasechengergyemory, or
de random a [
mut%ﬁﬁf%%’%ﬂwaé“ Wc"égﬁ er?gﬁg?] e}%é &4 a%@%n@%\r&yoa&ak@s The
stomdet devitaBamiay chide mhlmmloaastnragarmlwec gluchhas anipv® drive,
t a storage device 466 | ud
and&{ﬂr %%V\QQI'S"S‘%réY%QgB&)I sgch as a DVD dmizel nZSU °
andipqr7q hamékettisd ndw toeF(chiDDm ﬂﬁ@tmﬁngsmﬁﬂhq diggRosure can
rovi deS power to the conponents, of tégegl SJ | ul a Lia ol 489
be imelemarsetl inca tiensieets Pl AGTROIR Plver 455 6 ey fEdia player
maﬁ/elﬂﬁlnbegé édi %h&agéﬁ%bﬁﬁﬁf ?nd‘cﬁg% 4, Ie{rpbwa?rg@w uga memory

ransi stors o The set top

492, Btatege dlasize #93, BOMLAN Thedape 4fgoang aoﬁsgﬁazs?d @@ienna 495,
a”%ﬁoe\@@ém%‘%iﬁﬁé%%% menory 483, a storage device

Interface 485 and associ ated antenna
486[01AB]VO Pio® s 588y aCIUNIBH 0000 0ie 148y mayrepsjveriput signals

frorfnrfﬂ_ﬁt AR S dP 44CaAGR TRY &BERIASnidHide 8b9NaTRe external
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 490 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,
decoding, 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 497
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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the WLAN interface 485 and an external interface 487,

whi ch can send and receive information via cable,
woromdbessd | nternet, and/or satellite. The set PCOWS2007/011207

control nodul e 480 may process signals, including

encodi ng, decoding, filtering, 5 and/or formatting,

and generate output signals. The output signals may

i nclude audio and/or video signals in standard and/or

high definition formats. The output signals may be

communi cated to the WLAN i nterface 485 and/or to the

di spl a 481. Th d 4 .
so2 Tapbu P Pand R oy UAIRF o papyqitiy, memory
sucrpﬁ‘éﬁfashuméln%r@ phase \dhéegepmeanortyo ot Inmltx@i@'r@nmﬁmom in which

cactdBegonraa: JagRfe 1R BYO A5 aCosiiaer, T ifn A8 may

mc|Jo|ea§H SPRIERI ¥torAhaivehange a8soDYD drwenahworsa aaed disk drive
menory, 1 n which each nenory cell has nore than two

U*Dgﬁates The storage device 484 may include an optica
Eﬁ‘?%ﬁ drTHSse %Rﬂl@daiﬁ theDYP il M6w aprecRite ardiﬁrtble foregomg
riv .15 (0117] Referring nowto FIG
desmmmlarem rumsgbrcaﬁd tapshingspbther RresgnRt et CaRdif @aplrememed
S| of A ' A¥8Eribed in
in aqyahBRRbF 18Ty g Horate; B dhis’Bilenfioh Y cbeh St
conpewtion swifiplparddilar reeaonples 40@reef, sherige srapec &f 4bg, inyention

onol Bt B BB ABE GRG0, oAt o e

sknll@@nﬁfaﬂt‘tlﬁﬂdﬂluq)&f?& shydy exfethee drawingssi @ealspecmca’m)m hand the
|nterface 494 and/or the external interface 499.
folloyBaSl@BIhal i nterface 499 may include USB, infrared,
and/ or Ethernet. The input signals may i nclude
conpressed audi o and/ or video, and may be conpli ant
with the MP3 format. Additionally, the nmedia player
control nodul e 490 may receive input 25 froma user
i nput 496 such as a keypad, touchpad, or individua
buttons. The nedia player control nodule 490 may
process i nput signals, including encoding, decoding,
filtering, and/or formatting, and generate out put
signals. [0119] The nedia player control nodul e 490
may out put audio signals to an audi o output 497 and
video signals to a display 498. The audi o out put 497
30 may include a speaker and/or an output jack. The
di spl ay 498 may present a graphical user interface,
whi ch may include nenus, icons, etc. The power supply
491 provi des power to the conponents of the nedia
pl ayer 489. Menory 23
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WD 2007/ 136556 PCT/ US2007/ 011207 492 may i ncl ude

random access nenory (RAM and/or nonvol atile nenory
weual1/1a65561 ash nmenory, phase change nenory, or PCT/US2007/011207

multi-state nmenory, in which each nenory cell has

nore than two states. The storage device 493 may

i ncl ude an optical storage drive, such as a DVD drive,

and/or a hard disk drive 5 (HDD). [0120] Those

skilled in the art can now appreciate fromthe

foregoing description that the broad teachings of the

present invention can be inplenented in a variety of

forns. Therefore, while this invention has been

described in connection with particul ar exanpl es

thereof, the true scope o&!'réihﬁs nventi on 10 shoul d not

be so limted since other I cations wll becone

apmahahis diainid@is:skil l ed practitioner upon a study of

the draw ngs, t he specjfication and the follow ng

cl di-ms. A2 Wﬁgﬁeﬁ&ﬁtﬁ@é’”ﬁ@ﬁ'ﬂ%zoow 011207 CLAIMB

What is ghipdt@®Rehrés: 5 1. An integrated circuit

conpri Si ng: a first source; a first drain; a second
source; afifstif@ingate arranged between said first

source and.sghd sbufsd: drain; 10 and a second gate
arranged between said first drain and said second

sour ce, afiestcgatesanranged betvwigen Said HEpt fausee @od $aid first drain;
andal ternating first and second regions in said drain,
wherein said first and second gates are arranged 15
farther asmcondngatei arranged bedyeenssaid disst draimjagnd said second
second regions. 2. The integrated circuit of Claiml
SOWSEPt her conprising a well substrate contact arranged
in sai d whes¢inr sgidofisst an®.setioad gatsy dedide calteroatingffirst and

socSrPLfapter 1 SEF SETRLI B Sl pcalBe by 9 b ranco
fartBbeapart ih ki AR regions than in said second regions.

2. The integrated circuit of Claim 1 further comprising a well substrate
contact arranged in said first regions. '

3. The integrated circuit of Claim 1 further comprising R well substrate
contacts arranged in said first regions, where R is an integer greater than one.

4. The integrated circuit of Claim 3 wherein R is an integer that is
greater than three and less than seven.

5. The integrated circuit of Claim 1 wherein said integrated circuit

includes a plurality of transistors.

6. The integrated circuit of Claim 5 wherein said transistors include
PMOS transistors.
7. The integrated circuit of Claim 3 wherein said R well substrate

contacts are associated with respective ones of R transistors.
8. The integrated circuit of Claim 1 further comprising:
a second drain;
a third gate arranged between said second source and said second

drain,
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20 4. The integrated circuit of aim3 wherein Ris

an integer that is greater than three and | ess than
weevwn3ecBe The integrated circuit of Caiml weeraismo7/011207

said integrated circuit includes a plurality of

transistors. 6. The integrated circuit of Caim5

wherein said transistors include 25 PMOS transistors.

7. The integrated circuit of Claim3 wherein said R

wel | substrate contacts are associated with

respective ones of Rtransistors. 8. The integrated

circuit of Claim,1 furt C rj O afi : .
drai n; \QBGI?IEI K3 @%ﬁ%‘@?f‘gn@i}g gé e\%eg%ﬂ@%i g@%c')nrpd thl.rd arfd
fourth fohsA nshid algtoselcand thitdagates 2&re\WraoQe@d faehee apart in said

~ PCT} USZOO?/,Oll_ZqO@ wherein said second and third gates
third gegions thap &7 54t ThiS9P™hd fourth regions, said

segond #Ad fnegrAtaRt@rURT of Tiamngedvherdimesaidpiirst regions are

sald third. regions than in said fourth regi.ons._ 9.
arragRa PHiASGREte A TERD TBBOBRATH BahSrEm S0 BNE g armanged
adjaﬁglgﬂt‘&rb%iart@rd %%bhg'nged adj acent to said fourth

regi

ons and sald second regions are a_rran,gg,d ad(% ﬁﬁgﬂ .

t 018ai d Thhiintegratsicheiscuit of Clei@ 9 whegein $j0dIrstan regions
. Lm ' ' irst and third regions include
mclt@%|vyqu§@§%tféa@e§@gﬁ?‘fgas_ 11. A nmethod for providing

an1il nt egv aietitod Forcpriovidingrpniislagijated1@rayitozraPAgNG:

first squrce: vi.dl first drain; providing a

second E5%Y'§ré}go%g'\é%at?éldqnl‘gcg" first gate between said

first seuovidirad fisstidrafn;rst drain; |ocating a second

gat e betvvee,B.sai d fi rat drra'_n and said second 15
sour ce; PIRYIPHIGhE S2CPBP RNy first and second regions

in sai d|géiry dFirsugaeisbtwbensaid ficst sececelapdtsadd fistdrain;
2;{ 3n? : :l]%@ast?rlugd af Is{egctanc? rb%tg e Pvgeﬁaéaﬁa ftll‘%{ td'?&"n 8R&"said 'Second
source;
defining alternating first and second regions in said drain using said
first and second gates; and
arranging said first and second gates farther apart in said first
regions than in said second regions.
12.  The method of Claim 11 further comprising locating a well
substrate contact in said first regions.
13. The method of Claim 11 further comprising locating R well
substrate contacts in said first regions, where R is an integer greater than one.
14. The method of Claim 13 wherein R is an integer that is greater than
three and less than seven. .
15. The method of Claim 11 wherein said integrated circuit includes a
plurality of transistors.
16. The method of Claim 15 wherein said transistors include PMOS
transistors.
17.  The method of Claim 13 further comprising associating said R well
substrate contacts with respective ones of R transistors.
18.  The method of Claim 11 further comprising:
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regions than in said second regions. 20 12. The net hod
of Caim1l further conprising |ocating a well

weubstBetse contact in said first regions. 13. PO®US2007/011207
met hod of Claim 11l further conprising |locating R well
substrate contacts in said first regions, where Ris
an integer greater than one. 14. The nethod of Caim
13 wherein Ris an integer that is greater than 25
three and | ess than seven. 15. The nethod of Caim1l
wherein said i ntegrated circuit includes a plurality

of transist rs. n(ﬂg thod of Claim15 wherein
sai d tr B Pgrass??]% K transistors. 30 17. The

met hod pfovidiagmal 3hikdir gher betwpenssaig sssovdaspurpesaind said
R wel |l “substrate contacts with respective ones of R
secan@# @ ¥t ors. 18. The nethod of O aim 11 further

conpri syBfning28itaiRatifg thikd Giribidudl e20M LSiNEPedid second and
__providing a second drain; providing a third gate
thirdgat@eedndai d second source and said second drain;

defi ni n%rraﬂgﬁrrf% 8aid Q@cdrm hHd anrd gavdd Arg eghnged liarthgr apart in

said second d gates; and arrangi ng said
saldsibcrdrreg@rm@thhnrlldsgait%'rﬁr@%?'?%nged farther apart in

salyd th'Trh% hﬁ&gpﬂ%# @\Qm n1§&hﬁh&9lﬁdrﬁpﬁ§ﬁg oaandiflg said first

The et ho aiml rther conprising arrang
regions didjdaest to seif tnythdpgicen@nCosaidsgcPBH PE'Or\Se@CFJ%%%”t to said
thi cfmd sal d second regions adjacent to said 10 third
Ir &, 20. The nethod of O aim19 wherein said first
an @(1 hi rthe ag;thod aof Gihindd 9 Wwhewdin saighlinst and tbwﬁtraglps\s include

s an i eat er.
RW@H%‘EFH?&HCQF‘W "‘9'?: .|§?Hdntte§%¥] Ppé]{tedr an reg| on
hawviing sagaiegaitbd dr@@it&iﬁﬂmﬂ)r&fmghape 15 f irst,
second, third and fourth source reagll ons rh
gener al |13 firstebaing@ion hannges 9rASt gtregpgggq Sﬁ’lﬁ’&
adj acentgkp sddpl, Fhird and fourt séliraeregions that have a generally
rectangular shape and that are arranged adjacent to sides of said first drain
region;
a gate region that is arranged between said first, second, third and
fourth source regions and said first drain region; and
first, second, third and fourth substrate contact regions that are
arranged adjacent to corners of said first drain region.

22. The integrated circuit of Claim 21 wherein said first, second, third
and fourth source regions have a length that is substantially equal to a length of
said drain region.

23. The integrated circuit of Claim 21 wherein said first, second, third
and fourth source regions have a width that is less than a width of said first drain
region.

24. The integrated circuit of Claim 23 wherein said width of said first,
second, third and fourth source regions is approximately one-half the width of
said first drain region.

25. The integrated circuit of Claim 21 further comprising
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region; a gate region that is arranged between said

first, second, third and fourth source regions and
weald/Bé3set drain region; and 20 first, secondpcrhisea7/011207

and fourth substrate contact regions that are

arranged adj acent to corners of said first drain

region. 22. The integrated circuit of Caim21 wherein

said first, second, third and fourth source regions

have a length that is substantially equal to a length

of said drain region. 25 23. The integrated circuit

f C
? our t ﬁl go%él@\‘gﬂf rggéflﬁns%?]éj&/ E\'aa g & ﬁ&‘?ﬁr‘é{llytrj&b{%g@é‘r‘j shape and

is less than
havitg dhe sifie sieatds farrastgedt adjacentiyi said fipst. sortiee iregienr aﬂed

c o T SR, AEAR, 0 TP 8 goneray
rectél‘iﬁifl@%bﬁ@é@'a‘hdoﬂhﬁt @ fartdreyed difaceht t@0theai sidés of said second

drain region. 25. The integrated circuit of Claim?21
drain (giRBr conprising 27 WD 2007/ 136556

PCIEUS244, élréﬁﬁ@ﬂ@lﬁ{rﬂ'% flethert isigg & ate region
general l'y re?:%%r% e and having. gr??n&gg g ?

thatiis aararrga}iebebmgwmd flfﬁts ifth, ﬁlﬁ%@%ﬁ?@‘hé@?%ﬁe ’SH!P"S and

saldf§ ctorﬁd @Ja)ﬂ Fbe@&q seventh source regions that have a
al tangul ar shape and that are arra

ad pacentThanrme@r@rte@ icirewit f Glaim 2ebukher @fﬂ?%ﬁ‘ﬁg ftn and sixtn
n T f
sk Ronl ik HA0SE S Fpet gl Lo (o drcocon
dralﬁ&egdn rst, fifth, sixth and seventh source regions

sa d_drai.n. r.egi . '
%@J Iﬂ? S%?%Bmtgé% B(fl.{ ﬁ g'f %\8}%:2'18;5\%&?& gﬁfdafngggrated circuit
mcld%)eﬂ&!éiaﬂl?ttﬂfm@éd MIDSFEQ‘ tvaesrstms are arranged
adj acent_fo corne
ad gpen o Spostes 2o & TR Uy Sl i soure

coniéﬁt@@r’i aked dfigaidififst, St@@dmtd&ﬁlrb airey flulrn- sburte wegibns, where B is
FET transi stors. . Thelnt rated circuit of

an lOl@QﬁQ_TQanIrtl"ﬁ@ror@o%W ARl BORBYT RN contacts i n
eacdy of ¢ qnfédééfed sReGndf Chiimd2ondhémiv tdaid distcand second

regions, ﬁ%ere
drain contacts have an area D and said B source contacts have an area A and
wherein said area D is greater than or equal to 2*B*A.
31. A method for providing an integrated circuit comprising:
providing a first drain region having a generally rectangular shape;
arranging sides of first, second, third and fourth source regions,
which have a generally rectangular shape, adjacent to sides of said first drain
region;
arranging a gate region between said first, second, third and fourth
source regions and said first drain region; and
arranging first, second, third and fourth substrate contact regions
adjacent to corners of said first drain region. 4
32, The method of Claim 31 wherein said first, second, third and fourth
source regions have a length that is substantially equal to a length of said drain
region.
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an integer greater than one and a drain contact

region. 30. The integrated circuit of Caim29 wherein
wealw/Bésset and second drain contacts have anraras2(7/011207

and said B source contacts have an area A and wherein

said area Dis greater than or equal to 2*B*A. 20 31

A nethod for providing an integrated circuit

conprising: providing a first drain region having a

general ly rectangul ar shape; arranging sides of

first, second, third and fourth source regions, which

h || hape.. .adi :

of 35, o ThArsetnacph LIt FneBRESaig ik SBRbnb P& founh
sourt8FbgidnHaReEA vﬁagﬁtrfah (ijﬂess&thalg Rdwidthiof daihfirst gcain megion.

source regli ons an sal ¢ S raln r L ; n .

ar BAngi T Mashod K1 Skim $hwheraiSeis MdR.fsqd firgt, second,
thirdﬁ?@é ﬁSBrtﬁ eIA88 reBfiRCRMpPOXAASRSY Drethantite Wittt of said first

region. 32. "The nethod of Caim 31 wherein said
draiffiiregion. second, third and fourth 30 source regions

ha a l $ai | | to a length
of 35, o Toairsthodlor Claift e (MR iR SD

PCT/ US2G0raing ®ne side of igeseransbarain regisnmviichhas & generally
said fi aen LR e regions
rectﬂggglaés&?é{e hag*\%%? q|t ts& Féelég'rt an‘jrgév'\’/iIe Itoﬁlog;n asa}i d first
drai n r egramging4fifiithsixtteancdsevermhasauBe REipas.nWigh have a

idth id first, ir. i .
s AR T o0 O S
firgg STl adthoefClaid35 flinkemeohyrtisifg airangirgla gate region
e PP e SR Pl socond v

regi%lﬁape, adj acent to said first source region; and
fifth, sixth and th source

whith hatle metiiodgelsim e fEe atmmalieias s ol tith gnd sith
cush e HEHERL 8700l SRS O ekt i e,

"eg@Bn bEbeceRteed of (GIaET, 31 MIlare Sidh mRETRE] iGN noludes
B SRRt wseec o 200 7, T

and3ai xt The method of Claim 31 further comprising arranging B source
contacts in each of said first, second, third and fourth source regions, where Bis
an integer greater than one and a drain contact region in said drain region.

40. The method of Claim 39 wherein said first and second drain
contacts have an area D and said B source contacts have an area A and
wherein said area D is greater than or equal to 2*B*A.

41. An integrated circuit comprising:

a first drain region having a symmetric shape across at least one of
horizontal and vertical centerlines;

a first gate region having a first shape that surrounds said first
drain region;

a second drain region having said symmetric shape;

a second gate region having said first shape that surrounds said
second drain region;
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15 substrate contact regions adjacent to corners of

said second drain region. 38. The nethod of Caim 31
woher7aBésseai d i ntegrated circuit includes PCT/US2007/011207

| ateral ly-di ff used MOSFET transistors. 39. The nethod

of Claim31 further conprising arrangi ng B source

contacts in each of said first, second, third and

fourth source regions, where Bis 20 an integer

greater than one and a drain contact region in said

drain region. 40. The nmethod of C aim 39 wherein said

first and se d draj

el d B SoBPORoCoN A8 1o ESnieBg Sy WEf adREeond gate
regié@s;d area D is greater than or equal to 2*B*A. 41. An

integrated circuit conprising:, 25 . a first in.region .

havi ng & gWF?% f%ﬂ'gg’ea%i%'?@%% é&aﬂegééig a&ﬁ{eggf rie"8ic@"of said
first?)%é 0ibal saRdeirid §ate reereahd BARI caniiadtivly gateaegion; and

egion having a first shape that suryounds salg first .

drain régbeeond ssukendegion AraRgedRdiaceMgtosang on one side of
i 4 50 S8shdahe FE&IIbARMAYAROCEHAtting gate
S'de?%‘fg%hsfﬁl%bggﬁg?g@ﬂf ?gﬁﬁgs sa(?g seeg%nd drain regqi on;mg J
regied. WO 2007/ 136556 PCT/ US2007/ 011207 a connecti ng gate

regi-on GAINGHbLRGACLcdit bFlCIme SeamRieptssid SREhfIAC shape

a fiTst source“region arranged adjacent to and on one
tapesisdes afdistande fiionn st ceteeof sgidymoalric shapmncgeases.

regjon sal eGld g region; d Bdst and

3084 ce ?Qg? o'ﬁkegqr(régénwgecg;éa'j ggg?'ﬁ‘oggn@%@oﬁ‘é@%gﬁ;f st an
secohdasubbtrate dohiacts agangedénisair firshaddsecond sgalree regions.

regj on d sajd c clLi. ' .42 . Tk N

by oDl SRR Ry i AP SO $eid eatea croun
inclﬁhé@%te?@@eﬂiﬁuééd&\ndﬁ&‘ﬁmtxanéis%rsaTﬁen_ter of said

synmetric shape increases. . e _integrat . .

cirdait Hpe @t{égﬁ@tﬂi @m%@‘ﬁ%ﬂ&ﬂ g\m@éeﬂ §%gasa/ﬁ%netnc shape is
acﬁ&ggpghw.strate contacts arranged in said first and

second source regions. 44. The integrated circuit ?f .
O a4 41ThAGRIGORISS GirGUit GLF IR LIVNSiPin STHAVRAEHIC shape is

an leﬂibﬁ&é\léﬁéfdg.ff used MOSFET transi stors.
47. The integrated circuit of Claim 41 wherein said symmetric shape is
a polygonal shape.
48. The integrated circuit of Claim 41 wherein said symmetric shape is
a hexagonal shape.
49. A method for providing an integrated circuit comprising:
providing a first drain region having a symmetric shape across at
least one of horizontal and vertical centerlines; 4
providing a first gate region having a first shape that surrounds said
first drain region;
providing a second drain region having said symmetric shape;
providing a second gate region having said first shape that
surrounds said second drain region;
' connecting a connecting gate region to said first and second gate
regions;
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45. The integrated circuit of Caim4l wherein said
symmetric shape is 15 a circular shape. 46. The
wonvegsetsed circuit of Claim4l wherein said spamaisedoc/011207

shape is an elliptical shape. 47. The integrated

circuit of Caim4l wherein said symmetric shape is a

pol ygonal shape. 20 48. The integrated circuit of

Claim4l wherein said symmetric shape is a hexagonal

shape. 49. A nethod for providing an integrated

circuit conprising: providing a first drain region

having a symetric shap r0ss ; i

hor i zon?HPXQW@ @é\rﬁ %%H"%SQ%PE‘%'] F‘ﬁjteag ehE?%Pg\r}lﬁ‘ diehg Sa'}de of said
first éhfezﬁeg]‘cﬂn%,%td‘n% geoond yate gegiohlargid saitl menebﬁmgé ggte vegids; and

sai irs rain regi on; providin secqn i.n .

regi on BE@NAESE] FCP%C%\%?W%@ @%%%d?%ﬁﬁﬁﬁ‘aﬁ{bd §n one side of
side S0 P&t gatber@g%h,hé&id ngbcdAdgdter eicihane saidiconnecting gate

surrounds Sald second drain region; 30 connecting a

regibnnecting gate region to said first and second gate

reghons ﬁ'h%orn%c?@gi Clafr2d viterels2ii ©yPdhaftic shape tapers as a

arranging a first source region adjacént to and on one
distarictefrof 3 aediefriaf said ay@melgeshapsdneressesnd gate
regléon 2['?1% PGB i J48 HRHEF LdtprisiRg aﬁéhgﬁ@ figst and
a Setond source regi on adjacent to and on one side of
second subftratai cbritactstin gaid firsd ginchnsecomddsaHee Medigase

region d sai on i . i - "
oo e pacol Rl dsd e S Ribarpted Bitui inotudes
late@8lyadiffds6d MOSFETOMaasistser of said symmetric shape

increases. 51. The ngthod_of Cl ai m 49 . :
ot o1 Tip sty o e 4o here Sell ) rilisf; spape is & ciroular
shaé@.nt acts in said first and second source regions. 10

2. The nethod of C aim.49 wherein said, i ntegrated .
ci idui t Themathed (of; elaim ﬁSdWhe'%@e&aWbé#E‘fﬁe%‘c shape is an

elli&lfoﬁpéﬁééé{rs- 53. The nethod of C aim 49 wherein said .
symmetric shape is a circular . X . .
55. The method of Claim 49 wherein said symmetric shape is a

polygonal shape.
56. The method of Claim 49 wherein said symmetric shape is a
hexagonal shape.
~ 57. An integrated circuit comprising:

first and second drain regions having a generally rectangular
shape;

first, second and third source regions that have a generally
rectangular shape, wherein said first source region is arranged between first
sides of said first and second drain regions and said second and third source
regions are arranged adjacent to second sides of said first and second drain
regions;

fourth and fifth source regions, wherein said fourth source region is
arranged adjacent to third sides of said first and second drain regions and
wherein said fifth source region is arranged adjacent to fourth sides of said first
and second drain regions;
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shape. 54. The nethod of C aim 49 wherein said

symmetric shape is an 15 elliptical shape. 55. The
worbitadessb Cl ai m 49 wherein said symmetric shapeTius2@7/011207

pol ygonal shape. 56. The nmethod of C aim 49 wherein

said symmetric shape is a hexagonal shape. 20 57. An

integrated circuit conprising: first and second drain

regi ons having a generally rectangular shape; first,

second and third source regions that have a generally

rectangglgr shapef wherein said first source region is

arrange etmeen | j o ;

second 8r87%¢ &Y Pentb%;ﬁ%l?a?gl Oéjeeog(p%frt] ééhgs;{ﬂ gtgﬁ%r%ng third,

fourth%d)ﬂﬁh soared f?@n@l andjsaic fitst tamdssermmdi etnad'esegjons,aﬁlrm
first and secon

h
sour ce FEYi HHE SCRAR ‘Séﬂﬁ' 8@@%?'?&%}&?%%%%%' 'gh‘;a"d first and
Secd?{ofg,régﬁqiegghgcent to third sides of said first and
second in regi ons and &whereln sai,d fi.fth sour

reg§Bon fré'learrytgg@égd SicHi el Claimy 8¢ r Whewin saidfirgh; sd;cond and

i
o 4 ARSI 1t I Ry B 8t of s
first loleainexagicmiandsf whetelnmmmﬁ rinddfifth saUraenregions ?'Pt’ﬁ a length

that ?s gFeCaPTeF ﬁgérpg ?I aﬁ%%ﬁggﬁ of sgfadhéﬁﬁﬁa%e@bﬁb Rirain regions.

I ons; and ond drain contacts that are
ar sangedrhen lrﬁagdatEd rajtcudindf Claigb®d whareinrejd difst. sgcond and

thlrcf spg{cee §é§§ﬁg ﬁ\%\ged 4 k\{l(?‘tﬁ' {na8fis (b8 Thad ANGOE Bf %@n(ﬁ’ first drain

source regions have a length
regbhat |s substantlally equal to a length of said first

% ons B’tgg(ﬁ ?qr{r%ug hci@bf%ﬁn"#?ﬁh&%% ishid Wl&tﬂ%ﬁ@ald first,

ater than or
secéﬁd %ridefmﬁdls@um@&le@ldnsr st appTdaxBBamh,dodedlaif thegwcﬂtb of said first
59. The integrated circuit of Caim57 wherein said
draipjregion.second and 10 third source regi ons have a

\rMeg%QnT hete iintdgrafed BaBuR off didinpf57saitbréin stidifairth and fifth

source regions are driven from sides thereof.

62. The integrated circuit of Claim 57 wherein said first and second
drain contacts have a size that is greater than a minimum drain contact size.

63. The integrated circuit of Claim 57 wherein said drain contacts have
one of a regular shape and an irregular shape.

64. The integ'rated circuit of Claim 57 wherein said drain contacts are
one of square, rectangular, and cross-shaped.

65. The integrated circuit of Claim 57 wherein said first, second and
third source regions include source contacts.

66. The integrated circuit of Claim 57 wherein said first and second
drain regions and said first, 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 said N additional rows share one of said fourth and fifth source
regions.

67. The integrated circuit of Claim 57 further comprising at least one
substrate contact arranged in at least one of said fourth and fifth source regions.
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60. The integrated circuit of Caimb59 wherein said
width of said first, second and third source regions
wOo0@EppeBKi matel y one-half the width of said fPCSUS2007/011207

drain region. 15 61. The integrated circuit of Claim

57 wherein said fourth and fifth source regions are
driven fromsides thereof. 62. The integrated circuit

of Caim57 wherein said first and second drain

contacts have a size that is greater than a m ni nrum

drai n contact si ze 63. The integrated circuit of

Cl ai m 57 wher ei n |dd . :
re®® ar maﬁée%fﬁae firey Qgﬁlﬂﬁpg%ﬁe&%ﬁ%&fﬁgt 281 Bhef said

fourfiNbAA" AfiR dsGiiiceu réglﬁrﬁs Gheludes 7a weetiek ianea aand dfugther comprising
contacts are one uare, rect anggaﬁa and

arraag@gssagﬁéﬁpgtrag%coqﬁgt( |g|@||ré§glai gl -of O aimb57

Pe' N 1% dnidgréifed TReamrdoRTairhher7d wirieine s"a&glalnsseast one
i ncl'ude source cont acts. 25 . 66. The |ntegrated

subsrateuiqordacta hasn HretwRaHeiseCoRAd diMedsiofisy W@t oAl less than
corrg&%ﬁ‘dlhﬁQirgpéna'%gcﬁg&lQj ﬁ\bﬁ§|bns§ﬁ%‘é"@ af shst bneCofssid ¢surth and

ons<ar e first row and further
flfthtsoupce 2gigndl addi ti onal rows wherei n drain regions of

sa|7<9| fegur riﬁ}]eg@tse?{ &l st blé’iﬂ?"sf ‘Hﬁ‘ﬁggp%@ﬁ’r‘?@n%@ source

h”sSource
contattegrrangdddnreadht ofcﬁald]flastnséé’orﬁdj antiethlrd Sourée regjoas, where B
one P{ﬁqtrate contact arranged in at |east one

is a%f%ﬂ?ﬁgf% HAhG"Pifth source regions. 32 WO
20G74/. 1365|‘f¢3@ éﬁ@'ﬂré%%i)e’n‘étﬂﬂbi@alrgao Wiseriein esgldithes:t and second
circuit o ai m i d at e
draingpitACke0RYe ARG, P sgichBusoite ttee niLet Hrdg A and

whetBth $aibtd8R @@é"ﬁféeﬂéﬂﬂwarﬁéﬂ@(?‘lmlﬁg 23*3*;4 substrate
cont act regl on in said relie

area. The i n téJgrat 93 a.
CI i t bie atgorted Glicuiral F1aim ¢ ‘Q’h?@agt's §Rgal tpone ot S or
o gf’% rat ?hﬁ WMeRrAteBatrclitiotiCIand syeehdr dorpisims t hat

ess t corresponding first and second
di mensi casthor deain regiarehvingna @Rnerally restangylamahape that is

arraag(ﬁcﬂgé}%%]e ggfd%ﬁ'd s%%rcér FE%bHI egrated circuit of

ource contacts
arr angedalmxtmsbum‘e @l@h ftlnatshas segenearallydredtangular shape and

thabﬁgér?aenéeeg adjaden\{\'h L&icRnirdQrhfh AYidRt €ger greater than
seventh and eighth source regions arranged adjacent to said third
drain region and said sixth source region; and
a substrate contact arranged between said fourth and fifth source
regions and said seventh and eighth source regions.

74. The integrated circuit of Claim 73 wherein said seventh and eighth
source regions are co-linear with said fourth and fifth source regions and wherein
said seventh and eighth source regions are driven from one side of said
integrated circuit and said fourth and fifth source regions are driven from an
opposite side of said integrated circuit.

75. The integrated circuit of Claim 68 wherein said relief area is
arranged along an edge of at least one of said fourth and fifth source regions.
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71. The integrated circuit of Caim70 wherein said
first and second drain contacts have an area D and
weailw/1Bsseur ce contacts have an area A and WheCEiUS2007/011207

said area Dis greater than or equal to 2*B*A. 72. The
integrated circuit of Aaim71 where Bis equal to one

of 3 or 4. 15 73. The integrated circuit of C aim57
further conprising a third drain region having a
general ly rectangul ar shape that is arranged adjacent

to said third source region; a sixth source region

a s
ar P Bngod TR Heaetech gl PR imy S8R RBHn bAG) rbfet area is
arraﬁgéanﬁh aaeentirgpohicsoof cat leagt cre aufrmgeﬁbtmj‘] @@gnflfthosource
said third drain region and said sixth source region;
regigi® a substrate contact arranged between said fourth

ang# i f tfhes Wé@ﬁateﬂeﬁilr&nﬁ ofClaprisy sthereirhsantl irtegtated circuit
source regions he integrated circuit of Cdaim73

5 inclyges @twaéiwcuffg%%MQSgﬁJ EaRPIBIPT™S25 source regions are
co-linear with said fourth and fifth source regions
and wherein said seventh and ei ghth source regions
are driven fromone side of said integrated circuit
and said fourth and fifth source regions are driven
froman opposite side of said integrated circuit. 75.
The integrated circuit of Claim®68 wherein said relief
area is 30 arranged al ong an edge of at |east one of
said fourth and fifth source regions. 33 WO
2007/ 136556 PCT/ US2007/ 011207 76. The integrated
circuit of Claim68 wherein said relief area is
arranged in a center portion of at |east one of said
fourth and fifth source regions. 77. The integrated
circuit of Caim57 wherein said integrated circuit 5
includes laterally-diffused MOSFET transistors. 34
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