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i nvention rel at rally to sem conductor-on-insulator i nt egr at ed
circuit and deva Wm@ﬂﬁlﬁlmmml fically,the invention relates to

sem conductor-o evi ces which use the buried patterned | ayers as
el ectrial conductorgiéhles di screte device function,thermal conductors, and/ or

decoupl i ng capacitors BACKGROUND OF THE | NVENTI ON sem conduct or processi ng
has nmoved towards the production of smaller and snmaller devices having

greater conputi nmwﬂmﬂmwllmlwmwe reductilon in the size of electronic

devi ces and the ensity of transistors in a given unit area
results in increased«poser required and di ssipated Enhanced sem conduct or
fabrication techni ques, such as silion-on-insulator(SO)processing,increase

metal wiring requirenent because of the increase transistor density and
power decoupling requirenment Specific applications,such as arrays,are

i npacted by the amBURIMD WATTERNESHeON Ut"'ﬂ‘d)ﬁ pﬂﬁpj ﬁﬁ(apl | i catl on
W
ohos. capect CSE@WF@@N[ﬂf@T@%o‘r@n@@ﬂEA gﬁ?l GRATED &gﬁg’{}h e pattern

pl anes, especi al |y when nultiple devices are c guredin

Metal wiring in a given plane of the devices reduces the area available in
that plane for other electronic functios and severely constrains devices
per f ormance These probl ens ugﬂgiékne the overall objective to fabricate
smal | er, nore densely packed §“%é$ﬂ% INVEDEFIQNY perfornance Pri or

publ i cati ons WhiTeR iavéhiex SeRL 1 !

Chatterj ee, U S Patent Nos 4,8 %Qg%g%l and %ﬁgggéﬁg%% %:n’g @%e‘gpc&rals{@?oses an
circuits and devices. More specifically, the invention relates to semiconductor-on-
insulator devices which use the buried patterned layers as electrical conductors for

discrete device functions, thermal conductors, and/or decoupling capacitors.

BACKGROUND OF THE INVENTION
Semiconductor processing has moved towards the production of smaller and
smaller devices having greater computing capability. The reduction in the size of
electronic devices.and the increase in density of transistors in a given uhit area
results in increased power required and dissipated. Enhanced semiconductor
fabrication techniques, such as silicon-on-insulator (SOI) processing, increase metal
wiring requirements because of the increase transistor density and power

decoupling requirements.

Specific applications, such as arrays, are impacted by the amount of wiring
needed to fully enable the application. Wiring in semiconductor devices is
generally configured in multiple planes, especially when multiple devices are
configured in a dense pattern. Metal wiring in a given plane of the device reduces
the area available in that plane for other electronic functions and severely
constrains device performance. These problems undermine the overall objective to

fabncate smaller, more densely packed devices having superior performance.

_ Prior publications which are exemplary of SOI process technology include
Chatteljce U.S. Patent Nos. 4,889,832 and 4,982,266. Chatterjee discloses an



bor 19 J UN20Q 2 integrated circuit structure in which netal Iayers
' both above and bel ow an active circuit are interconnected. Cha

proposes an inproved nethod of form ng such an integrated ci rCU|t struc

by utilizing an etch stop layer formed on a silicon surface.

Kato et al.

U S. Patent No. 4,939,568 teaches a stacked sem conductor integrated
circuit structure and nethod of formng the sane, in which conducting posts
ext end between device surfaces. Thigs is intended to allow | arge scale
integrated circuit manufacturing. Pfiester, U S. Patent No. 4,966, 864
di scl oses a sem conductor device and nethod in which a silicon substrate is
formed with a doped region, with the doped region bei ng connected to an

| ect ct bri dge
o1 £ 11 AT EHACHEHD TroBreis St orrLraa FoprOTeald P BEAER {echni ques.
MeCar t RifeuibaR m'f’éi‘&cﬁﬂfect'é@. ChfHBFe D proposissa ﬁﬁ;ﬁ&v@ﬂnc\(ﬁfd%ﬁf@ﬁﬁng nproved

such an integrated circuit structure by utilizing an etch stop layer formed on a

silicon surface,

Kato et al., U.S. Patent No. 4,939,568 teaches a stacked semiconductor

integrated circuit structure and method of forming the same, in which conducting

posts extend between device surfaces. This is intended to allow large scale

integrated circuit manufacturing.

Pfiester, U.S. Patent No. 4,966,864 discloses a semiconductor device and

method in which a silicon substrate is formed with a doped region, with the doped

region being connected to an electrode by a conducting bridge. This invention is

intended to overcome pitting or etching problems encountered in previous

fabrication techniques.

McCarthy, U.S. Patent No. 5,488,012, discloses SOI wafers and improved

methods for forming buried regions therein. The invention is particularly useful in

silicon-on-glass substrates.

Iwamatsu, U.S. Patent No. 5,294,821, discloses SOI technology which is

intended to provide more uniform electrical characteristics including a reduction in

breakdown voltage. Iwamatsu proposes a device having active layers diffused into

the substrate to stabilize the electrical characteristics of the device,

Tyson et al,, U.S. Patent No. 5,145,802, discloses a SOI circuit which

includes a set of buried body ties that provide a local ohmic contact to the

transistor bodies disposed on an insulating layer. This is intended to provide a path

for holes generated by impact ionization and also act as a potential shield between

the substrate and the transistor sources.

%%Q%



‘met hods for formng buried regions therein. The invention is particularly
*, useful in silicon-on-glass substrates. -- |wanmatsu, U.S. Patent1 GOJUN ZUUL
5,294,821, discloses SO technology which is i nt ended to provi de nore
uniformel ectrical characteristics including a reduction in breakdown
vol tage. |wamatsu proposes a devices having active |layers diffused into the
substrate to stabilize the electrical characteristics of the device. Tyson
et al.) U S Patent No..5,14S, 802, discloses a SO circuit which includes a
set of buried body ties that provide a |local ohmc contact to the
transi stor bodi es disposed on an insulating layer. This is intended to
provide a path for holes generated by inpact ionization and also act as a
potential shaigkthe] weenpiha N@,b§ng@,6$0 assthehe rhethod iof tnoanuanuies . 19

UN 200 Kang et al.) U.S. Patent . 5, 28@ 0370 eaches a met hod of

manuf aé‘tsﬁm"i@dam@éW%‘Gﬁ@ﬂtmérbuﬂéﬂil%@“%m BAFESECi th el ectri cal
char act ks it ehhts HHIthe duisdt@ed, 'dondlnge! ement s
in the }%u étslrcg?ec)‘)ﬁ@ di'ng t%g%g stg?régtt?}?to th eSS| |colr11 that is tngebecoma

t he SOthe aghscrmtc tonke aticop it is s bedame tHeeS(bhrqgecw eD@mxtcmpilasyasecapam tors
in me | s ut) in fact) Kang et al t he.c IeX|t of device
f abri gg‘t’elg‘ﬁe% 05 METES b B aE’(S‘Hég? ﬁ%c‘%cfryvﬁc anflﬁe'ﬁ‘sfaf Wttt i onal SO
technolaqaxortﬁéiu&%aleald{ /IR VRE T RALSH wth@udt@bm@nammﬁemmm@ to a

| esser extent, the gate capacitance because the insulator |ayer does not

have m&iWSlQNal | able free carriers. In operation, however, carriers flow
t hrough the transistor and resistive heating o curs in the gat e.
Undesirabl e floating body effects including transistor hysteresis and

threshol d shCéid\entiByal BGUfechioldgierdduadisd fdrge pbridy éfsthaldrained t o
electrically float. The electrical bias pl.aced, on the device hy the

remai ni Wwgadignes end, toaulsessr sxisal ithaigalg Janagiigacy bptaseihe Mauletoy §Y%rt or body
channeld&@l %PhQ\,J gahs agﬁ ;}b?aﬁl%?%gmcﬁ?cﬂt‘%érgﬁorpWv@?%ﬁ% THpPVer, is

signifi cant reduce i‘onal "sem ctonducdtor-on-i nsul ator structures.

The st ruuedugmethemasmtan@ﬁa résiftfve Neasng oc@irein édt gate.ad)mplevieable dloptiyg col | apse
so that the voltage swing |l evel between a |q a{l one and a l.ogical zero is
r educed)ody, @ffCCtSaIWCb@Utgatfafzséﬁ{Qf hesjeravs P%&EFSW ift§ TR QCHB if élg"e
Sem con r desirabl e
el ectri @Hﬁk?iro? [ on og}teglt?lce‘]l‘!F C%ﬁ?taf?togt'sg%s%ﬁﬁaﬁgﬂé% ﬂoﬁgwﬁet hi s
st ruct udevicy batiesrautiiesg raabiees thaesmalnaimsingin e ddptichf fhmtrammstor causes
t r oubl esorre oule heating in the devices. An alternative enbodi mrent of the
i nvent i Bed palewhich| af{eckserarfrmaee. t her mal path from the transistor
di ffusion to a plane in the bulk substrate) providing a thermal sink which
reduces thermal effects. 19J UNZ200 -4

Decoupling capacitance, moreover, is significantly reduced on traditional

semiconductor-on-insulator structures. The structure experiences a phenomena
referred to as power-supply collapse so that the voltage swing level between a
logical one and a logical zero is reduced, ¢.g., a logical zero may no longer be at

ground voltage,

Semiconductor on insulator devices are very desirable given the desirable
electrical isolation obtained from the SOI structure. However, this structure creates
undesirable thermal insulation which, in tumn, causes troublesome joule heating in
the devices. An alternative embodiment of the invention provides a low-resistance
thermal path from the transistor diffusion to a plane in the bulk substrate, providing

a thermal sink which reduces thermal effects.



SUMVARY | n accordance with one aspect of the invention there is provided a
'sem conductor circuit conprising: (a) an active |ayer doped wt (t9s:
to forma plurality of devices; (b) a conductive substrate havi Hgggyﬁwszmz
vol unme doped with a first dopant and a second vol une doped with a second
dopant, said first volune for providing power at a power voltage |level to
at |l east sone of said plurality of devices in said active |ayer, said
second vol une for providing a ground SdvMMARKeast sonme of said plurality of
devices in said tive layer; (c) an insul.ator, | ayer. dispaosed between said
St ive | ayer and Seiodaitah Ve shnser Hedn gipn DGt iv B Pat ssorIcpaguetsT
conductors gl@gtdohfpmiksing: connecting at |east some of said plurality of
devices to said first volume, said plurality of first conductors providing
power to at | east(ayamectiye layer dopaduwish ingurifes deforaesplivabity efadeyices;r st vol une;
and (e) a plurali of n ars ica | st
sone of said pl uréﬁfltcgngf&lggg}@sgﬂsg%ﬁakgl{ﬁ %ﬁgsggléfr’%lgl ev%#%%e%ﬂggtﬁggt&% Bréla}l?% of
second condstctmd solpnevdahedgvith gsenond dopantataid dastvohone faf preaidthgopawel dttay of

devices. Preferably, the first and second deyices  are transjist.ors, but, can
be. ot her  achq Ve Rk tedelstoc Teast et ok GHGPIUEA L Ah AR esria Stk LD GBI

are preferaflynd Volgme g6 Frovidmghiehing B aBlcb tebmef 8tk ¢ alityld devickdlin said
physi cal contact with the doped volunes. The invention is preferably

appl i cabl e #8IvaMyeBi rcuit structure where the substrate is separated from
active devices byﬁcﬂ%%hﬁﬁ&tﬁfﬁ: el .\ﬁisb8§e'd| b Y& Ay %rcgve layer apnd said conductive
Seni conduct or - on- 1 hsUl at of Jci PCUi t T8t Tuct Ures can be nade From any nunber
of chem st rsubstrae; G oup Ill, IV and V and m xtures thereof. In accordance

wi th anot her aspect of t ipyention, there is provided a .
o111 conon- i nsui at 60 SRR ERan LTS coBmetIF S EBIRHY CORBET R et FPRERS Ao
doped with ploRgity bf @sidedteVbdid figst Rbluad, bdiy pRirality @0 Skt kohdictdrd providinnPoreéd ve
silicon substrate having a first volume doped with an n+ dopant at a power
vol tage | evi|al leggipomesyd cS; e lyalitye deviseniramsalddiplvalgpandat a ground

vol tage |evel, sajl a];?‘laﬁlﬁfityvd?!s'é&%d&%hd@d’t@ﬂé'e@écﬁ%aﬂ?%ﬁne@ﬁné‘ aPRAG soMR JragR
level to at |east Sore of "said plurality of tranSistors I'n said silicon

| ayer, sai dplyeditndf deyicaydo faid speandi viilurge, saigrdunatityf off seaend eangluctorprovitlingai d
plurality o i 0 Sad g Shl | ayer. (c) an insulator |ayer of
silicon di oé?%%ﬁ@?és%tég% tgtgg}ev\og{esgld é‘%fgﬁ@ﬁfidgﬁﬁéﬁ' ayer and said conductive
substrat e; ~ O DBrefdrdbl2 002 first 4rd)seaond doliaisi e trodistoms, bet weebe ather nstive

transistor and a second transistor of sai lurality of transistors; a
i rer conduliters SETA° SRt Phediomatts Rabdilert Froprehr BT BB wifhe
first vol un@hichadad dithe e CARAYRL fover Bt pielsRIaD¢bathstOwRRWRE dbPed @bKlrndekr Sthe

transistor;, and (f) a second conductive stud electrjcally connecting the
second t r anBiV&Rtinn ia pecfeRblyspbaPls 19 HyesircyH SHUGBECOWRITE ShatHDeirdte 1S separated

provi di ng aggroiifnde ﬁ&ficé%ﬁn%@&%ll&ﬁ@s’ﬁﬁti@% Myer, EQNROn MR DGRBS circuit
el imnated by connecting all electrically grounded transistor devices to

t he bul k si $tiustires adys be anadeufpmgany pemberdoiceeaisttiey of Sirgup 1ithéV caddYcandy e
stud general | fromthe active silicon |ayer through the insul ator
| ayer to eﬂé‘g’ﬁ}l%gﬁ%%bont act the thick, lowresistivity 1 9J UN 2002
-6 bul k silicon shhbsicoataacdelthwinoiile aspevtesit the inveaptied,cthedel iy ppovodédde silicter mal

conduct ance to rgaflfg_ce heabi n& effects which reduce the sw tching speeds of
active devi QEESURRTFCRICONAUGAL QRCYRHLOMPHRINE Ly ant i on al so . pref erabl y

provi des decoupl i g aGAR8A Id,RNE6HASHUERIpUBIEE RfImI Srdhidy bN@ardistdrgr ent
dopant s and, hencgg differ é?ﬁt ({glpol tage |l evels. BRI%%B DESCRI PTI ON OF THE

DRAW NGS FI GURES () rfostiegiive sticen spisgigteduyinganiiist volums doped withenayedopsnt ¢ he
at a power voltage level, and a second volume doped with a p+ dopant at a ground voltage
level, said first volume for providing power at a power voltage level to at least some of
said plurality of transistors in said silicon layer, said second volume for providing a
ground for at least some of said plurality of transistors in said silicon layer;

(c) an insulator layer of silicon dioxide disposed between said silicon layer and

said conductive substrate;



formation of a depicted silicon-on-insulator device in, accordance with one
renbodi mrent of the invention. FIGURE 7 illustrates how the inve thﬂU¢¢Qﬂ02
di ssipates thermal energy. FIGURE 8 illustrates the decoupling capacitance
capability of the invention. DETAILED DESCRI PTI ON OF THE PREFERRED

EMBODI MENT The invention is applicable to any nunber of

sem conduct or-on-i nsul ator device types conducive to sem conductor
processing. 1n aqdpsag&ateionivoluntnbetpea efitedraasipeetndb skdudmdi trangiior @f kaidhe
invention may he used with SO processing , technology in the fabrication
of field ef BRI dHESSIBEs (FETs). The invention may be used for any
nunber of devi cegeyRimzht DRAYEHRRERT cIBBFiBalRCEdnt et LHETMN GatAIROBERE First
defined in the active sem conductor layer.” As shown in Figures 1-6, the
exenpl ary evabeie.reeit finist ¢onduetivestndmovidmgrpomwst tr spid Hrshrisansesions iand con.

Starting with Figure 1 a. prel L.m nar\v. ] [ te
12) preferably si .%%ﬁ?n?§mﬁ§§%§3%ﬁ%g@d%g%%gﬁ%g-gﬁ§§%§§§%@§§§%%§%g§ﬁ{@w
known in thecaid volung, €id).secdddodpnductivarshdv pravidingr ougrodn forysaid second
used for the substrate and the various |ayers of the invention. Cenerally)
bef ore any ¥#8¥i%®ati on begins, the substrate 12 is doped with either an n +
type or p + type GRRAN wirkdCGnd8pi ffningted OBP! &infetireh G11S EREHCANE Fdunded
preferably has a resistance of | ess than about ten ohnms per square unit)
pref er abl y trassistarhdayiegbdat the iy lio sisopesubgrpimmeingm dyriod chndpoiiye estud.  The

resistivity - - Af [ [ ] e
silion subs%ogl?%&t{%%hl(fp%&% %@y%ﬁ%&g @ érjgp%l , t&‘?}ga t}@ssalﬁogr%&lr Igﬁmé n{é‘gﬁ]{l@&tﬂlﬁ%}s
general | y abeidctricall@ cdfitpctithe Bxck)(d jesstiviy per cubi c centinmeter, preferably
about 5 x10(19)to 1x10(21) atons per cubic centineter Typically, however the
substrate 12 is a silion wafer having an insulator |ayer 14 For exanple,the
starting SO blanks have an insul ator |ayer thickness of about 0.2 to

0. 7um preferably about 0.5umon an active silicon |layer 16 of thickness of
about 0.1 to 0.4um and preferably about 0.2um Preferably,the insul ator

| ayer conprises a silicon oxide such as silicon dioxide (SiQ2)is
characteri zed by pronounced dielectric capabilities The relative
permttivity of SiQ2 is about 3.9 Qher insulators which may be consi dered
include nitrides polyners,and intrinsic silicon The bal ance of substrate 12
has a thickness of about 625um In further preparing the substrate 12 for

i npl ant patterning,an additional



oxtde layer 18 of thickness of about 100 to 300A nmay be deposi
. active silicon layer 16 A final silicon nitride |layer 20 havi n‘g@;\'ﬁglNggQQgs
+of about 300 to 600A is then generally deposited onto oxide |ayer 18 An

oxi de mask 22 may then be fornmed and patterned on silicon nitride |ayer 20
This conpletes the sacrificial structure used to assist in defining the

i mpl ant vol umes 24A and 24B as showngin Figure 2 To define the doped

vol unes 24A and 24B,the | ayered structure is inplanted with a dopant
opposite to the dopant type of substrate 12 at high energies, generally 200
KeV t o®Qfk Ktivansuttefeeseddl y ThldniienGO plddfably mboides therhahusrelutatbetonor e

energy used to form.inplant volunes 24A and 24B,the less likely it will be
that dapise h@tlpét‘%%eﬁﬁdw 1ehy 1eduseatie SHIRBING %ng%ﬁﬂlﬂﬁtqeéﬂcés’l ch a1 9 J U

N 2002tf%n;fi§§réub§ﬁer alvenfien 1a%s0I8REGM1Y Ypro Gl Gebdi AR dcdpRYitERe Us@de@s ground
and power planes such as described in U S, patent application 08/ 782, 462,
assi gnéuricd layses hpving differsnhdepadtsiand drepes. g ferepyvoltagetevglse. In the context
of the invention, use of the substrate 12 as a power source neans that the
substrate 12 provides a constant voltage bias froman external voltage
source. Cenerally, BRIFRDEICREPTEON GFMRYE BRAWINGSE by either using
donor dopants_or acceptor dopants. Donor dopants donate el ectrons and are
general |y f oliHAURESGE dlugupin 6 are oross-ssetinnat ateavs of the stages-ofithpe, the donor
dopant fer rise, .for exanple. ph 0, nti nmony) or

ar seni c. g@%’gtooraa% p%%?gﬁﬁﬂﬁboﬂ'"c‘sour]ﬁt f%g? 189%1918(2&2?@&9 ﬁ])éroiﬂel y those

el ementgnbodifdeatipf thel ikverlfists, if the substrate is to be p+ type, the
accept or dopant preferably conprises boron or any other atom c species
capable of creating this ionic character in the substrate 12. Doped vol unes .
24A and 24B ‘ ' i fi}cCi LAt cture and
a p+ type domw@ér{ggﬁﬁ%nﬁﬁzqgérﬂg’fhg&dgg%m lesgi'gaets sin zlic(?g@ntrati on
of 1x10 9 to 1x102 per cubic centineter, preferably 1 x 102 per cubic
centineter a istance in yolunmes 24A and 24B qof. tep to twenty ohns
per square u%?g%% ?e‘?‘“f‘%?same %P %@PAC‘&}MCZ’&Ba@LE’ PEP}FBH‘,"C‘E‘W’@"OXi de
rask 22 and silicon nitride layer 20 are renoved as shown in Figure 3 in

preparation for the patterning of the active silicon |ayer 16 and the
formati on JPETRILER IDBSARIPTEON OF- THR PREFERRED EFMBOBBYIBNT e i sol ati on

vol unmes 26 b ch. active .device 25A) 25B in the active own in
Foure 4y o mi SV oS sAPrHESuF 5 267 aibhe A0 S Rab R PRSI Wni o 1 s
to be tdevics aypdsi @ndueiven® s2@icohbectex pasedinct (v ecciridreenyvith ohBe i sol ation
vol unme i s .t he rem)v$d by et ¢hi ng. .The active silicon is etched down to the
si | i conPERfEXPH@sRGeE Of homvenyen. the inpentign mayy berseimih SQF pEIFesing achl ori de

si 11 conPEHERFYES ol kil b BERFCE 926 achl o
S0l at | o Vo e o e ey P e DR IS e iRl Rt 1

i ng Wi th an insulative materia
si | i conbaivesd der emy mymbat kf dedic& WhighNhiaz@@2edr more active electronic

components defined in the active semiconductor layer. As shown in Figures 1-6,

the exemplary embodiment illustrates two transistors formed on silicon.

Starting with Figure 1, as a preliminary step, a semiconductor substrate 12,
preferably silicon, is used. Other compatible semiconductors as is known in the art
from, e.g., Group III and V, and Group IV, may also be used for the substrate and
the various layers of the invention. Generally, before any fabrication begins, the
substrate 12 is doped with cither an n + type or p + type dopant. Once doping is
completed, the substrate 12 preferably has a resistance of less than about ten ohms

per square unit, preferably less than about two ohms per square unit, with a wafer



processi ng net hods such as chem cal vapor deposition which provides

. conformal deposition of the material, This is the point where hg 3&”&\@02
devi ces 25A, 25B such as capacitors, diodes, inductors) resistors,
transistors are fabricated into the active layer 16. In the preferred
enbodi nment, the-devices 25A, 25B are field effect transistors. To formthe
gate 28 for each transistor) the phojolithographic mask used to form

i sol ation volunes 26 is renoved and an oxi de such as silicon dioxide 18 is
refornmed over the isolation volunes 26 and on the active silicon 16. One
met hod of formng the oxide is by steam processing at 900 degrees Cto 1

| 00 de S . L a t. twent 1 nutes., CGenerall .he t.hj ckness of the
Sili cogésgsl(?@}(&di*oz}bfﬁggg)lf‘roo la(él&g}'(WA Meio%}m%gmaﬁlgn t%fgi‘%éﬁ‘ét’ﬂi ckness
bei ng atyttated RAdogOtHeOMBLENE hBGedul @RS Iont Dncadti9n 4§ geAcB \bbhLi con | ayer
is then deposited over the silicon dioxide 18 to a thickness of about

2000A. Thil8"depoxi t0* ostomaypebeubionsh Binetdr,byrefecagdy abepo&int I@htamith a sil ane
sour ce ;gas attabout 700. degtees C. A positive photoresist may then be
deposi t'ed | ncPiEP PSF GBYCSTFBFSt he gate conductors 28 from the polysilicon
| ayer. An inplant mask (not shown) is then fornmed. The inplant mask all ows
for the inplanting of either n+ type or p+ type ions to cormsource 30 and
drai n 32 reglyhesliyn howesver dmsiubstats. 12 is F stiedhyaftichayag e iBolaerd drain 32
for th Si €L Ons,: I o]l [ L nfrended
regi onehti%:rr?l ﬁé Fé\'fée’?a{‘ma%g %gts\%%é‘ﬁgaégged;%{@vﬂéxg?ﬁi’g%ﬂétgé?%ﬁbrﬁ%lhg%g |k Irbltfcon

di oxi debpus0Rabad.7 | ay,eprefedablPlabetn@tipme) yn thecfivr silidors tayecd 6asfd drai n i on
di f fusion. vol u may penetrate only partially into t tive silicon
oyer  tBOKNGES G Gbay Bl ot Spatd PEFSablp ARoRb RSBy | GeterBhy HEr i ni t

char actiggjisbi ' kAbNC Gy | r h S Qi tq; | ffusion
areas 30) 32* ?):a?’,% gﬁ@@hﬁy&%ﬁ]ﬂ@ﬁ \gﬁd}% %gﬁéﬁsrsggghﬁgbggt(%ﬂsiw&?n | ayer 16)

t he actohemctieized dyeppeortsed ntidedthe capamlitidsi cFhavrdlatiieap@mitigitpcafupi ed by t he
conductd.v%e .studs .34 35 shown in Figures 5 and 6. Thus, in the preferred
enbodi Ffs?ﬁ@“é%%dgggFWE“%?Hﬂ%“§H§‘ yﬁ?ﬁﬁ??g?gﬂépgﬁgF“Nﬁée§ource 30 or
drai n 3lyReR! 8h@Mtindib&ilRBH! Cehe3Pal@cefof substPatd 19 Ms2DBdcKRsd bANSI st or
referred to here as 25A or 25B. In this enbodi nent, the conductive stud

al so pradeutéss amhermal drain for any resistive Beating which may take
place in the transistor. The conductive stud also provides a drain for any
free carriers, thereby reducing transistor floating body effects. Once the
transi stor divigthet SréHARdhe Buitarall f&dinthlalteriteiing Gannadditiénadeposi ted on
the surface of devices 25A and 25 B, as shown in Figures 4 and 5. The

di el ect®%ige Jyer d8cafi thivkness aftabout i16@ ta RABOYVIXBY depesited ioge BGti¥sol ating t he

devi ce af; 1 hkzi devi t I vice is
t hen nabgﬁgebé]s {a%@# (l)lrs'm/ggienhpﬁago gﬁﬁgégiygglgguﬂés f“\?gé grft@ggesg%f agg’ﬁag%l lnO Fi gure
5. The 610Adss 8h @hefalipcdepositedsomio aaideclayeol8.betinedde itk A2bsiayahen 12 and

t he devic$s 2§A nd 25B fornmed in the active silicon |layer 16. Geperally
studs 32§ fogge RatteIad, o pibigen nriee dures 28 iy commistess Reasagrifitidber of
conduct ¢ tekd ngst: l i I uctive
doped s) R B L o B R presour e
sput t erFigueh2i n argon gas using a sequence of selective or non-selective
etchants. Preferably) the etchants used are non-sel ective and ani sotropic.
The openings for the conductive studs 34) 35 extend into the substrate 12
to a level n%e@e%ﬁ]reymwoﬁé@wg%e%lm Bh&QhBmeﬁgék@%UQ%\‘Pﬁn the substrate
12 or the inplanted volufes 24A, 24B to the actiVe devices 25A and 25B,

t ypi cal igplabiedtwitine dopatt opb@ite totircedopns oyprecel Shswdtetlastshighor 25A to vdd
t hrough t he, substrate ., Stud_35 connects source, 30 of tragnsistor 25B to
ground PTG %‘?‘P"'ﬁfﬂ}%’ gégﬁi"&u%@%K&Xda'@a pA?fg?aHyoﬁ%‘?UtlégVelkg ofS i Rctric 36
may theg b 0si i e L f nductive
stud 34 i s%fugfgeﬁﬂeteﬁ’g?gsgﬁg%gﬁ?%?fgoaﬁmgﬁhwggﬁ% grg'i/\a?{d\/\%?%hﬁgr onot es
adhesi ofess dikelyeit suitlr muthdt dgpantiislectsined irathet mbgkn layersoabovietsabstrane 2t ri de.

This material adheres to the walls of the opening. A conductive materi al
such as tungsten is then introduced into the opening and may be conformally
pl aced in the opening by chem cal vapor deposition or sputtering. Oxide

| ayer 50 is fornmed over the surface of the devices including studs 34 and
35. 1 9J UN 2002 Metallization may then be forned and patterned to
provi de source 37 and ground 38 contacts, Figure 6. In a further enbodi nent
of the invention) conductive studs 34 and 35 may contact with transistor
25A and/or 25B to provide thermal conduction to the substrate and a

di scharge path to the power planes for thermal energy and carriers) The

met hod of the invention patterns the substrate 12 so that discrete

o o, o . - o



~ 9 J UN 2002 13 becom ng "m xed" so that the voltage of a |ogical zero,

. for exanple, is maintained nearer ground than w thout the inventqq.
Simlarly) the voltage | evel of a logical one will be held nore LQTV&ubJZOUZ
Buried patterned | ayers provide nore than sufficient decoupling capacitance
bet ween the vol t.age supply rails for ground and power Vdd w t hout adding
additional gate oxide which is expensive and requires a |ot of area and/or

wi t hout addi ng external added capaci8ance. Wile the invention has been
particularly shown and described with reference to the preferred enbodi nent
thereof, it will be understood by those of skill in the art that the
foregoing may be easily changed both in formand detail i wthout departing

fromthe spifpd s@&@ra&cwg, génem@ edmﬁ%de%d ﬁaﬁ‘fbls%‘éé‘c%é @Fbunﬂsdn‘aes in the

cl aims hereinafter appende ai med . sem conduct or
ci rcui tpwrmlarmsrﬁgch (aa)deambadtm &S| patent ajxppeﬂjlom Q&ﬁ%rﬂﬁﬂr,latsmesed toforma

pluralit evi ces; ductive subs i.rst vol une
doped V@%}gnge ?\Frrcg)[ g %PO&'H& YSEESHE v Pdh% i %}dowgﬂnvenélggbﬁﬁe dopant ,
sai d figpthevdbstiRe flqraspargawal mr&orwe&nsachat&hew\mawm@g@w&@vael to at |east
sone of said plurality of devices in said active layer, said second vol une

for prowrstany valtageobiag ffoor aathtﬁmﬂétVOBMfeSQ)ﬁfcesaﬁG"?SP 4N SybYRIYEEYCes | n

said ac an.insu id active
| ayer a{r)l%@éif é”r%ﬁ'g yv%mkuﬁléhga Ono ?éﬁ téjb g@gﬁﬂ{ é%mgl rDS(% gonduct ors
el ect ri depdnys dérvieelechnsadnd @@Sgcnaﬂﬂ? foﬁndsm GrcpipuVAI i Ifythefsubltrate &s to said

first volunme, said plurality of first conductqrs providi ng power to at
| east siiBe 6f Bag.dhpideper d@gﬂnbmaaemp@éaéwfﬁ%}ﬁpg%ﬁ dor exaeplgol une; and (e) a

pl wa"guomofo%@é}gnﬁ Yelolesi®! RELd, 't&radd\?\ﬁnt@%ﬂgﬁtcbﬂgib% hQ@shresone of

said plurality of 8s 0 sai d second vol ume, sai d plurality of second
{conduct geserghiy thode reipneengy ouGtodolllAt Theasif tho sEbstftesiaitel bplpir pipet theof

devi . 2. .Th f cl 1, wh d [
ol ur 1| 542819t GIPACRTSF sl (P RTSES BAFRN G P P S oTEp o Capallaio

plurali theaﬂfm fehi§ %mECU?%HEEFg i theS sitbsirate Sit, StDlﬂ)cB Roflf&t 14 £3hd Qo act with

the first tr nsi st or e circuit of claim1, wherein a second device of
sai d pl umal they beffodewd wsiagitse aaaé‘mmmdmpkaahsmmttm andda ptdppaddeopat. of sai d
plurali télencrally tggr;])q% t%r%g%%ggr%rr%sdltss in asceocn%gtgtranondof 1x10¥ to 1x10% per

cubic centimeter, preferably 1x10% per cubic centimeter and a resistance in

volumes 24A and 24B of ten to twenty ohms per square unit,

After implant volumes 24A and 24B are formed, the oxide mask 22 and
silicon nitride layer 20 are removed as shown in Figure 3 in preparation for the
patterning of the active silicon layer 16 and the formation of the active devices in

— active layer 16.

To form the isolation volumes 26 between each active device 25A, 25B in
the active shown in Figure 4, a photoresist is developed and removed over the
volume which is to be the isolation volume 26. The exposed active silicon in the
isolation volume is then removed by etching. The active silicon is etched down to
the silicon dioxide insulator layer 14 using, for example, carbon tetrachloride which
provides high selectivity. The opening is then fabricated into the isolation volume

26 by refilling with an insulative material such as silicon dioxide using bulk



in electrical contact wwth the second transistor. 4. The circuit of claim

. 1, wherein the substrate conprises doped silicon. 5. The ci rCL‘li Q QIUN?@[P%
1, wherein the insulator |layer conprises an oxide of silicon. 6. The dévlte
of claim1, wherein the active |ayer conprises silicon. 7. The device of
claim1l1, wherein the active |ayer conprises a sem conductor materi al

sel ected fromthe group consisting 05 Goup IIl, 1V, and V, and m xtures

t her eof . ~9J UN?Z2002 -15 8. The’circuit of claiml, additionally
conprising a dielectric layer formed over the plurality of devices. 9. The
circuit of claim8, wherein the dielectric |ayer |eaves a portion of the
first and second conductors exposed. 10. The circuit of claim1, wherein

t he dop@ieeessing miathode suahead ehearical appodeppsitioacvhicheravidesl eandermadyer . 11.
The cirguit. of iml, .wherein the first volune is doped with an n+ type
dopant ,g(:’fr?amgnf‘?cf]rtgf’ %%@?“@2 of said plurality of devices is a first

transi stor conprising a p+ diffusion, and a conductor of said plurality of
first conductors electrically connects the first volume and the first

transi stor p¥hisi Bthepoint wigre thgeactive dayiceso? 5S4l &iBrsuch ghearsrioehe second

vol unme | ith a pt t dopant , _and . C [ id
pl urali ?@dggqgg\l/%ré’smlsg%és's%‘@gmad‘sfgﬁ)é%gfes ang%gﬁg“ﬁﬁggﬁ‘%g&%%ﬁ‘ﬁ%’i f ‘usi on, and
a condufi dre prefesridderpbadimbitl Yheodens@s arsch, @3Bdate tield efft@ctansizadrb.y Twonnect s

t he secqgnd vol une and the second transi stor n+,diffEsi on. %3. A

si | i conTRL thesgate 28 for ermhcteangistar o thecphatelithographis inashdised &9 M3 | i con | ayer
doped vadoihoPibhbe 36 i FARAAnB A Alidd Yudh o SRR BbRIg8 16R) a conduct | ve
silicon substrate having a tirst vol unme doped with an n+ dopant at a power
vol t agerdfenrndd oaerdtha issamndvolomes@6daden the tabtiee piicanpantOmat mathpdound

vol t age vel,, said first volunme for. provjdi ovwer ower vol tage

| evel t8lf§?m?‘{%%§ © ggide 'Bi’ysséﬁaﬂ’ progFssing: 3t déﬁ ‘?e%é%é;@fooﬂo@plg%r&f‘%csi l'i con
llayer, sai shoueaRBSty MRIUIR, f@EnePIQY el Mkidcar ARG shiRbn Afiokigasingeeme of sai d
plurality of transjstors,in said silicon layer; (c) an insulator |ayer of

si | i con fpimxbeiet 204 pod80A bwitheetypisal thiginesscbring abewt 4ad Jai eprepletguct i ve
substrat.e; . (d) .an isolation val u bet ween fi.rst transi.stor .and, a second
Cransi ol ubudl g 87 0B s PO DROT Tayag L P Rrodled ovh! PRSHRE ABRGS SF0d

el ectriaglibya gREkMRSS bNEbAUNL0DOA SITHiE aBsdsRiodr mbp bk RBmldied byalagse, said
first conductive stud providing power to said first transistor; and (f) a

second ¢§Raiden withsa gidanel seuraei gaalat pbewnHdcddamssthe Aspesdtive phetasasist or and

the secqnd, wol iRy 83 38FRMSANGURHhYEe SRENYLA M5B PfRund for said

tor.
polysilicon layer. An implant mask (not shown) is then formed. The implant
mask allows for the implanting of either n+ type or p+ type ions to torm source 30

and drain 32 regions in the transistors.

In forming the source 30 and drain 32 for the transistors, the ions may
generally be diffused in the intended region to the interface between the active
silicon 16 and the silicon dioxide insulator layer 14. Alterriatively, the formed
source and drain ion diffusion volumes may penetrate only partially into the active
silicon layer 16. In operation this partial diffusion provides very definite
characteristics in conjunction with the transistors. When the diffusion areas 30, 32
of ions only partially penetrate the active silicon layer 16, the active device extends
into the area which will later be occupied by the conductive studs 34 and 35 shown
in Figures 5 and 6. Thus, in the preferred embodiment, the conductive studs 34,

35 penetrate either the source 30 or drain 32, preferably the source 30 of a



-16 1 9 J U N 2002 14. The circuit of claim 13, wherein the fi sg lJN
~conductive stud and the second conductive stud are made of mat r'aJ 2002
selected fromthe group consisting of tungsten, copper, alum num and doped
silicon. 1 S. The circuit of claim13, additionally conprising a dielectric
| ayer over the first and second transistors. 16. The circuit of claim 15,
wherein the dielectric |ayer |eaves portion of the first and second
conductive studs exposed. 17. The cﬂ&cuit of claim 13, wherein the
inmpurities in the silicon |ayer do not contact the insulator |ayer.
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ﬁ]hc( a] el € AHefRhfABE HfRbhakS AbMELE (R device, XlecarBPhbisngdddeadddds f | 9{ ggggah
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r#IK %Pgt/f‘r_el& 6,( }naylc%r/f‘x_&;)}lsg)anylxl%r/f‘ﬁ%r %}‘ cgnlcpuc ive Qaterials such as tungsten,

aluminum, copper, or a conductive doped silicon. The opening for the stud may be
formed with a high pressure sputter etch in argon gas using a sequeuce of selective
or non-selective etchants. Preferably, the etchants used are non-selective and
anisotropic. The openings for the conductive studs 34, 35 extend into the substrate
12 to a level necessary to provide electrical connection between the substrate 12 or
the implanted volumes 24A, 24B to the active devices 25A and 25B, typically
about one pm. Stud 34 connects source 30 of transistor 25A to V, through the
substrate 12. Stud 35 connects source 30 of transistor 25B to ground in region
24B of Figures 5 and 6. Additional layers of dielectric 36 may then be deposited

on the device.

Once the opening for the conductive stud 34 is formed, the opening is
coated with a material which promotes adhesion to the surrounding oxide such as
titanium or titanium nitride. This material adheres to the walls of the opening. A
conductive material such as tungsten is then introduced into the opening and may
be conformally placed in the opening by chemical vapor deposition or sputtering.

Oxide layer 50 is formed over the surface of the devices including studs 34 and 35.
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ctallization may then be formed” and patterned to provide source 37 and ground

38 contacts, Figure 6.

In a further embodiment of the invention, conductive studs 34 and 35 may
contact with transistor 25A and/or 25B to provide thermal conduction to the

substrate and a discharge path to the power planes for thermal energy and carriers.

The method of the invention patterns the substrate 12 so that discrete
functions can be electrically isolated from each other and from the power and
ground signals. The selective buried implant regions 24A and 24B may distribute
signals, e.g., voltage switching nets, that are required either in geographically
distributed areas within the chip or globally across the surface of the chip. A net
is defined as a common point electrically with other electrical features in the circuit
where the switching and the voltage are common, Examples of distributed signals
which can be buried include; functional unit powerdown signals for power saving
and other applications; power good signals indicating functional start-up is
permissible; reset functions; cache invalid signals; interrupts, etc. In fact, any
functions having DC or pseudo DC signals, traditionally distributed via metal
wiring, can take advantage of the invention and be moved into the buried
semiconductor layer. A clock grid or tree also may be patterned into the substrate
o 12 and used to keep the FET devices synchronized by metal studs 34 and 35 which

interconnect the grid to the surface. This latter application, however, may not be
practicable because of excessive undesirable capacitance. These signals paths are
selectively defined/isolated from the power and ground distribution in the buried
planes by the selective implantation of the invention. Note that in the preferred
embodiment the power plane is continuous under the signal net but the ground
plane is selectively replaced by the signal net “wire.”

One significant limitation of SOI has traditionally been that heat generated

within switched transistors is not removed at a satisfactory rate because of the
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thermal insulative properties of the electrically insulating film(s) placed on all sides
of the transistors. When conventional transistors switch frequently, more joule
energy is generated and, as a result, the response time of the transistors
significantly decreases which affects performance of the circuit. Circumstances,
however, often require two or more transistors to match in terms of their response
time. One or more transistors, because they actually have a higher switching
frequency because, for instance, the data may contain more logical ones than
zeroes, generates more heat and responds more slowly. This invention, therefore,
mitigates the thermal effects of rapid transistor switching. The invention can also
mitigate the thermal effects of the active devices such as resistors and self-heating
capacitors by providing a thermal path as shown in Figure 7. The incorporation of
the buried electrical and thermal conductive studs enhances heat dissipation similar
to that of bulk semiconductor materials, Indeed, the invention can be specifically

implemented for its thermal conductive capabilities.

Further as semiconductors are operated at continually higher operating
frequencies, the amount of wiring associated with power/ground distribution is ever
increasing. Significant transient current spikes associated with high frequency
operation typically requires that relatively significant amounts of capacitance,
typically tens of nanofarads, to the chip and/or package to minimize power supply
voltage collapse. This invention, in one preferred embodiment, adds several
nanofarads of capacitance per square millimeter of chip area. Shown in Figure 8
are several representations 60 of the decoupling capacitive aspect of the invention
which actually extends along the boundary of the volumes 24A, 24B and the
volume of the substrate 12. The quality of the capacitance is defined by the
abruptness of the junction between volumes 24A, 24B and substrate volume 12 and
the magnitude of the difference in the concentration of the acceptor/donor carriers
in each layer. The larger the difference in magnitude of the concentration, the
better the capacitance. The crisp decoupling capacitance provided by the invention

maintains the voltage levels more at their appropriate levels and keeps them from
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without adding additional gate oxide which is expensive and requires a lot of area

and/or without adding external added capacitance.

While the invention has been particularly shown and described with
reference to the preferred embodiment thereof, it will be understood by those of
skill in the art that the foregoing may be easily changed both in form and detail
without departing from the spirit and scope of the invention; the invention resides

in the claims hereinafter appended.
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(a) an actlve layer doped with 1mpur1t1es to form a plurality of devices;

(b) a conductive substrate having a first volume doped with a first dopant and a
second volume doped with a second dopant, said first volume for providing power at a
power voltage level to at least some of said plurality of devices in said active layer, said
second volume for providing a ground for at least some of said plurality of devices in said
active layer;

(c) an insulator layer disposed between said active layer and said conductive
substrate;

(d) a plurality of first conductors electrically connecting at least some of said
plurality of devices to said first volume, said plurality of first conductors providing power
to at least some of said plurality of devices from said first volume; and

(e) a plurality of second conductors electrically connecting at least some of said
plurality of devices to said second volume, said plurality of second conductors providing

a ground for at least some of said plurality of devices.

2. The circuit of claim 1, wherein a first device of said plurality of devices is a first
transistor and a conductor of said plurality of first conductors is a first stud in electrical

contact with the first transistor.

3. The circuit of claim 1, wherein a second device of said plurality of devices is a
second transistor and a conductor of said plurality of second conductors is a second stud

in electrical contact with the second transistor.

4. The circuit of claim 1, wherein the substrate comprises doped silicon.

5. The circuit of claim 1, wherein the insulator layer comprises an oxide of silicon.
6. The device of claim 1, wherein the active layer comprises silicon.

7. The device of claim 1, wherein the active layer comprises a semiconductor

material selected from the group consisting of Group 111, IV, and V, and mixtures thereof.
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9. he circuit of claim 8, wherein the dielectric layer leaves a porfion of the first

and second conductors exposed.

10. The circuit of claim 1, wherein the dopants in the active layer do not contact the

insulator layer.

11. The circuit of claim 1, wherein the first volume is doped with an n+ type dopant,
and a first device of said plurality of devices is a first transistor comprising a p+ diffusion,
and a conductor of said plurality of first conductors electrically connects the first volume

and the first transistor p+ diffusion.

12. The circuit of claim 1, wherein the second volume is doped with a p+ type
dopant, and a second device of said plurality of devices is a second transistor comprising
a nt+ diffusion, and a conductor of said plurality of second conductors electrically

connects the second volume and the second transistor n+ diffusion.

13. A silicon-on-insulator semiconductor circuit comprising;:

(a) a silicon layer doped with impurities forming a plurality of transistors;

(b) a conductive silicon substrate having a first volume doped with an nt+ dopant
at a power voltage level, and a second volume doped with a p+ dopant at a ground voltage
level, said first volume for providing power at a power voltage level to at least some of
said plurality of transistors in said silicon layer, said second volume for providing a
ground for at least some of said plurality of transistors in said silicon layer;

(c) an insulator layer of silicon dioxide disposed between said silicon layer and
said conductive substrate;

(d) an isolation volume between a first transistor and a second transistor of said
plurality of transistors;

(e) a first conductive stud electrically connecting the first transistor to the first
volume, said first conductive stud providing power to said first transistor; and

(f) a second conductive stud electrically connecting the second transistor and the
second volume, said second conductive stud providing a ground for said second

transistor.
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copper, aluminum, and doped silicon.

15. The circuit of claim 13, additionally comprising a dielectric layer over the first

and second {ransistors.

16. The circuit of claim 15, wherein the dielectric layer leaves a portion of the first

and second conductive studs exposed.

17. The circuit of claim 13, wherein the impurities in the silicon layer do not contact

the insulator layer.



