12 MAY 2006 * 166166* BODY CONTACT IN SO DEVICES . BY ELECTRI CAL e |
" WEAKENI NG THE OXI DE UNDER THE BODY FI.ELD OF THE | NVENTION The fi el 5564AYt2ﬂ}8
invention is SO integrated circuits having body contacts. BACKGROUND -CGF

THE INVENTION In $O integrated g | wel | known problemis the
bui | dup of. holes/electrons in t’mﬂ,’ﬂm ﬂ”ﬂ" he NFETs and PFETs,
r

spectively, changing the transistor d The standard solution is to
Lgkg a contéct to ?heg transi st or bonT‘providing a path to ground to drain.
away the charge. Unfortunately, npst body contacts consune precious
silicon area. In a few cases, the contact can be made by selectively
i nplanting oxygen only under the source and drain, or by etching a hole _
through the buried oxide (Si02) and filling it with a conductor. Selective
i mplantation is expensive and tine- consumng. It is not suitable for snal

feature size transistors iBQ&YﬁOhHAC?CIN(SfObDEVICE@di,Bi On',[ 0i ItOI iaze e
necessary to rt. of alignment reference in order .
transi st grs i ![ﬁeféiﬁlﬁu%(ﬂ NINCcTHE OXIDE| UNDER THE:BORYSi st or
body and filling in an insulator requires nany additional processing steps
and is expensive. The quality of the silicon in the

FIELD OF THE INVENTION

The field of the invention is SOl integrated circuits having body
contacts.

——

BACKGROUND OF THE INVENTION

In SOl integrated circuits, a well known problem is the buildup of
holes/electrons in the body of the NFETs and PF ETs, respectively, changing
the transistor drive. The standard solution is to make a contact to the
transistor body, providing a path to ground to drain away the charge.
Unfortunately, most body contacts consume precious silicoh area. In a few
cases, the contact can be made by selectively implanting oxygen only under
the source and drain, or by etching a hole through the buried oxide (Si0,) and
filling it with a conductor. Selective implantation is expensive and time-
consuming. It is not suitable for small feature size transistors in existing
technology. In addition, it is nec'essary to make some sort of alignment
reference in order to place the transistors in the correct locations. Etching a
hole under the transistor body and filling in an insulator requires many
additional processing steps and is expensive. The quality of the silicon in the .
transistor body will also deteriorate during this processing.
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transistor body will also deteriorate during this processing. -1 * %@?ffﬁﬂb‘
12 MAY 2006 SUMVARY OF THE | NVENTI ON The invention relates to a ne

form ng a body contact by establishing a conductive path below the

‘transi stor body through the buried insulator down to the si l'i'con
substrate. A feature of the invention is the inplantation of ions through
the transistor body and into the buried insulator, followed by the

appl i cat' | ent to break down the oxide and establish

Fansi stor body and the substrate. BRI EF

DESCRI PTI O\I Wl\l@fh L O .in the
process. Fi gﬁgzgﬁ ows co@ﬁ%’{g?’%‘ﬁgnws%@ﬁ'@%%%c%u@%&

appl i cat establishihga condaciive patmmlel@wftnérfeslnsigtéhsod hff&ﬁgﬁ Qhe%ﬁ%"& PTI ON
OF THE PREFERRED EMBODI MENT Referring to Fig. 1, 'S STown I n Cross
secti on Wsybatorghemntorthessilicos suhstrate. (i | 1 ust rat i veI y silicon) bounded by
shall ow trench isolation (STI) nenbers 35. Area 30 is placed on top of an
insulating |ayer 20. The whole is supported by bul k substrate 10,

I Tustrativel X fdgfifit 8f théfavention is the implantation of ions through the
transistor body and into the buried insulator, followed by the application of a
voltage sufficient to break down the oxide and establish a conductive path

“between the transistor body and the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1 through 4 show various stages in the process.
Figure 5 shows a completed transistor.

Figure 6 shows the application of bias voltages to wells formed in the

substrate.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to Fig. 1, there is shown in cross section a semiconductor
active area 30 (illustratively silicon) bounded by shallow trench isolation
(STI) members 35. Area 30 is placed on top of an insulating layer 20. The
whole is supported by bulk substrate 10, illustratively doped p-type.
IHlustratively layer 20 is formed by implanting oxygen followed by high
temperature (~1300°C) annealing, referred to in the literature as the SIMOX
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Il lustratively layer 20 is formed by inplanting oxygen foll owed bngﬂl&)w
tenperature (1300C) annealing, referred to in the literature as th 06
-2 12 - MAY 2006 nethod (Separation by |Mlantation of OXygen). ‘A transistor
will be formed in active area 30, the body of which will be - connected
threugh | ayer 20 to substrate 10. Wth the conductive path formed '
accor di nghtethotdSepaeationrhy tMplantation afcOXygenh to drain away charge from
the transistor body in operation. Fig. 2 shows the result of depositing a
| ayer of oxide (Si02) 40 and a l-ayer of resist, form ng an aperture 52

bl ock the i onsAIRAPERAGH will feRiFied fA 4cFly S#f@%”ﬂ?héwdﬁeﬂxeoﬂ \56@6' frbe’ *°

|11 ust r at éyphdcteddhity gﬁwa f‘QOﬁ%Ss&bétEb@(ﬂBSan‘hf J?ebgg@gﬁi?ﬁw ﬁﬁbat

50 has a thickness of bou 1, 000nm e oxld can I oNs

i npl ant edamarldmg terthegnvention, tiver2ORie Yefa path to alraim awdyechar fecﬁamﬁmél de
the aperture.  Fig., 3 shows the result of etching an aperture 54 in oxide 40

and mplﬁ'ﬁ!‘ﬂfdoﬁmye'"o?l’ﬂ(ﬂﬂpﬂ *hrough the aperture and. into the buried
oxide (BOX) and just below it, the ion-inplanted region being denoted with
the nuneral 25. If needed, the energy of the ions may be varied so that

of the Ton @ enaey aroS thetesiCofepbptinte s aferf xlde (10,920,408 o7 0%
20. Doseslayer of resist, 50, forming an aperture 52 in the resist. The total thickness :
~ of resist and oxide will be selected to block the ions that will be implanted
from reaching device layer 30. lllustratively, oxide Iay_«_a_t_'»-40.has a thickness
of about 500nm and resist 50 has a thickness of about 1,000nm. The oxide
and resist can block ions implanted with an energy of up to 200keV from

reaching the silicon outside the aperture.

Fig. 3 shows the re;ult of etc‘hing an aperture 54 in oxide 40 and
implanting a dose of ions through the aperture and into the buried oxide
(BOX) and_iust below it, the ion-implanted region being denoted with the
numeral 25. If needed, the energy of the ions may be varied so that the ion-
implanted region extends all the way through the oxide. The value of the ion
energy will depend on the thickness of device layer 30 and BOX 20. Doses
on the order of 10'*/cm? have been found to significantly lower the electrical
break‘down' field in a (high integrity) gate oxide of 2.6nm thickness from
~18MV/cm to =13MV/cm. The magnitude of the dose will depehd on the
thickness of the region to be implanted. SIMOX wafers are preferable to
bonded wafers because they have considerable amounts of unreacted silicon
that can contribute to the conductive path. Preferably, the etch through oxide

40 is a directional reactive ion etch so that the aperture has straight walls.
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.on the order of 1013/cnR have been found to significantly |ower the
electrical breakdown field in a (high int egrity) gate oxide of 2. GirmAY 2006
t hi ckness from 418MW/cmto -13W/cm_ The nagnitude of the dose will depend
on the thickness of the region to be Inplanted. SIMOX wafers are
preferable to,  bonded wafers because they have consi derabl e anounts of

unreacted si | Itdvas bepaifound thatdndiumdssatistactorydoe iowerimii the Pr ef erabl vy,
reactive ion etch so that the

|
e o bRkl °Xiﬁaesﬁaqf|gx- ebub thase 6Dked in e asewill rendity ‘béablé ol um
vol ta xi de, t hose
Isil F?Ea::lsl hyééé thv'\'JA rea b@&b'é)ﬁ'fébﬁbg% fﬁ&n@“?ﬁ'éa?mgimesrme OWhFreast
e henyy Rages “L‘JSES?S“FL“.'f?ﬁPﬁm"?"’Pdﬁ@“ Si, S4eREY i Kortihs, Al Bpdiv.
e.g. Ga,offthe periodic tabie, ebg. @a, Ti8i, Be, S, PBsAucdndtife transistor body

may be connected through a well that, in turn is connected to a contact:
on the wafer surface. Such a structure is shown in Flg 6, in which a

I A A ) %sahta;ajfgﬁ%gg@{? ve
Cont act T e meste ‘;’93%."'*’“%‘26? 18 wer surfite. Such Y sflsBifels [ oyer
Area 49,shown im Figh6simwhéch acpiweld 15aaid anniavell '153.5 havé bodycdiftact 2
bi as SOLEf ndsiﬂil %slﬁlectlve\i\?l lColnltgcthgg vslllcggtlgghe using p-type ions (e.g. B)

and contact 125 will be made using n-type ions (e.g. P, As, or Sb).

P-well 15 has an additional contact 26 that contacts a p-type implanted
area 49 in the device layer. Area 49, in turn, has a vertical contact member
49' that connects to a bias source. Similarly, N-well 115 has a contact 126
through BOX 20, an N-type implanted area 126 in the BOX, an N-type
implanted area 149 and a contact member 149'. Thus, both wells can be

biased as desired, e.g. negative or ground for well 15 and positive for well
115.

After electrically weakening the oxide, by implantation, the processing
of the transistor may continue. One method is to use the masking oxide to
from a self-aligned gate above body contact 25. Referring now to Fig. 4, a
gate oxide 42 has been grown in the bottom of aperture 54 and a layer of
polysilicon has been deposited and polished by chemical-mechanical
polishing, using the top surface of oxide 40 as a polish stop to form gate 45.
Another alternative method of processing would be to remove the deposited

resist and oxide layer 40 after the implantation of contact 25. The transistor
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“through BOX 20, an N-type inplanted area 126 in the BOX, an I\I—type12MAY 2006
inplanted area 149 and a contact nenber 149'. Thus, both wells can be ‘
bi ased as desired, e.g. negative or ground for well 15 and positive for

wel | 115. After electrically weakening the oxide, by inplantation, the
processing of the transistor may continue. One nethod is to use the

maski ng mayithen berfabricated uising agpmtyegﬁomaeimeemd?ilgamﬂm:titlgfgraﬁhyer ri 22 |
now to Fig. a ate oxide 42 has heen grown in the bottom of aperture
Dod o1 aj BOX Weaksaing Was sileneranithitive ST diha mapks asianelsyence, the

chem cal ; | (shi .hg th . Sur e Q i de, 40 as a
polish Sf%{%ﬁ?ﬁ%g?hiige%ﬁ%fﬂﬁat& &%ﬁﬁglq efrﬁ\iﬁ H’dh ﬂfo‘%ﬁBEessi ng

woul d be RAPYOW ¥ 4 [ Ptk ¢ iLelnfl

I mpl ant aﬂ%rfi'of con?gg?%mrﬁgﬁf?éﬁgia??g??fuipéiétgeI‘\‘/k@ﬁ%sé,%%ggtoﬁetﬁ@be
fabri cat BFEEs and PkETs.cThiosatond metnd 8 nokselaligndd)dsspthe alignmsmk
weakeni ng_was_ aligned with the STI |litho marks as a reference, the sane

r ef er enc®f GBUFQFtbggng“F%Pogﬂﬂé natrgriticalon. This will allow the

el ectrically weakened BOX areas to appear directly under the bodies-of the.
NFETs and PFETs. This second nethod is not self-aligned, but the alignnent

ransi stor wi | oamn o e et A e W ont act

25. O hesourse/airaindd asd dodly contacti25. Other conventional steps, such as
forming silicide on the gate, source and draih, and forming interconnects and
interlayer dielectric to connect transistors to form the circuit will be referred
to collectively as "completing the circuit”. Similarly, conventional
preliminary steps, such as for_ming pad oxide and nitride, forming STI,
threshold adjustment implants, and the like will be referred to for the

purpose of the claims as "preparing the substrate”.

At any convenient time after the ion implantation, an appropriate
voltage may be applied to break down the oxide. The voltage should produce
an electric field across the BOX that is above the breakdown value for the
"weakened” areas of the BOX, but less than the breakdown voltage for the
unimplanted BOX areas. This may be done by exposing the wafer to a
plasma with bias conditions set such that the plasma voltage contributes to
the breakdown. Alternatively, a temporary layer of metal could be deposited
or plaied (or a conductive liquid may be coated on the top surface) to provide
a contact, the other contact being applied to the substrate. The magnitude of
voltage is preferably less than about 50 V for a BOX thickness of 100nm, but

will vary with the magnitude of the ion dose, ion species, etc.




‘fornming silicide on the gate, source and drain, and forming interconnects
and interlayer dielectric to connect transistors to formthe ci r cdi & MAYi 2006
be referred to collectively as "conpleting the circuit”. Simlarly,
conventional prelimnary steps, such as form ng pad oxide and 'nitride,
formng STI, hr eshol d ad"(ust ment inplants, and the like will be referred

to for the p M@"@f'ﬁqﬂ@,_d%ﬂ%?&ﬂsiﬁbﬁm mnmmWWﬁi?gt any L
appl 1 o PooBPEE S okl i ost Tndihe ol is Uienlbh Upssitoan abeutPect 1 c
field B ' . Lhue for the. "weakeped"
arcas of Cher- R YOPE Ot R o ¥ s BhREKST, Do o siives e high Shahah e

BOX ar eajeakdpethabthechORaewilf draRpawdy g st@ddy siared Pl asma with bias
conditions set such that the plasnma vol'tage contrtibutes to the breakdown.

Alternatively, a tenporary layer of metal could be deposited or plated (or

a conductive Ljqguid y,,he coated on the tqgp surface) to provide a
contact, the ?{ﬂﬁ?f@ﬁtﬁuﬁ%@ 'Hﬁdm&@“ﬁdsmf@mgdmmremegﬂﬁgmidﬂje of

but w1 15 GRS Y der E0rAtBEE 1 4Bt oe tf it Bmlant cipBepes. otc. -5 1 2

MAY 2006 The term "break down" as used here neans that the insul ating
property of the oxide is lost and the oxide is "l eaky" (less than about 106

ohns). 1t doeWhilg thewnvention hascheen describee it ternes bfvesinglé phefiipedh
"embodiment, those skilled in the art will recognize that the invention can be

practiced in various versions within the spirit and scope of the folloWing
claims.



'l eakage that the holes will drain away in a steady state. Preferably, this
weakening inplant is perforned before the gate oxide is grown in b%M 2006
protect the gate oxide frominplant danage. Wiile the invention has been
descri bed i g: t.erms of a single preferred .enbodinent, those skilled in the
art. wll r &%‘é’ﬁi ze that the invention can be practiced in various
versions within the spirit and scope of the followng clains. 12 MAY 2006
Clainms: 1. A method of formng an integrated circuit conprising the steps
of 5 prepariing a &enrthedafifarmingyyige Gigul compTiEing dasctens Afevi ce | ayer
above an insulator layer that is above a sem conductor substrate;
inmplanting a dose of ions in a set of transistor body |locations in said
devi ce | ayer, saprépamegasémicondudiaiwafel hgylingna semigpnductoraleyicedaysnabovermt a
di stribution i n fr sai d..b .locations through said

i nsul at or Ig‘fgfratoar(r?l e.‘ﬁ‘ﬁ%s%‘.%&eég%“s“t"?'érquéfbrg%%ﬁ?’%ng a voltage between said
device | ayer and said substrate such that the material of said insulator

| ayer i s broken dovvq and becones conductive; .and 15 form ng a, set  of
transistors at sal™PIBRRB 2 desqiof ips In a seiiof &ransister badyi le¢ations iy saithdeyicedpysrce

and drain feraRdsd Br Rk belRVinffarial §{th 306k gfes SALIE ta 2 WidtiBhtisH SPRAS xRSl d
device |ayer between said source and sai & drai n, and a transistor gate
di sposedo ab&om said bpdydpeationg gupeghosaid inpulatevlanercandrigtossaiddsubstrateif t r ansi stor s
to formsaid integrated circuit. 20 2. A nethod according to claim1, in
whi ch, said device layer is silicon and said

applying a voltage between said device layer and said substrate such that the

material of said insulator layer is broken down and becomes conductive; and

s forming a set of transistors at said body locations, each said transistor having a
source and drain formed in said device layer and a gate insulator disposed on said device
layer between said source and said drain, and a transistor gate disposed above said gate

insulator, and connecting said set of transistors to form said integrated circuit.

20 2. A method according to claim 1, in which said device layer is silicon and said

insulator is oxide.

3. A method according to claim 2, in which said ions are from column III of the
Periodic Table.

25
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insulator is oxide. 3. A nethod according to claim2, in which sai1d Mg{ui
are fromcolum |1l of the Periodic Table. 25 7 )R:'\l.IBK]585165.zj U
12 MAY 2006 4. A method according to claim2, in which said ions are from

colum N of ,the eriodic Tahle. 5 .A_nmethod.accprdin o clai'm i n which
oot o ons abe 't akhrRaAeshEtaE o Blairh 2 Gyl S s Ao, Fopoctip T, of e
Au, and Pb.p&iodis TESIQOD according to claim2, in which, for an NFET set of

transi stor bodies, said transistor bodies are doped p-type and a regi on of
sai d substrate bel ow said set of transistor bodies is doped p-type. to 7.

A met hod acgordin I e .ch,. for. 2 r ISt
bodi es, sa|§'d tra}r%srl}lgt{l g‘l'rl %Eé(;gél&gg tgrc\ém{alop’e ‘gﬁltc gﬁgﬁg‘%;&gg‘}er gafglg(ie%n 0 ﬂzeag]rgup
subst rate bednwiskizg $i, Gaf Gefln, $u,diisAstand Pbodi es i s doped n-type. 8 (R\I.l B
K 1585165.doc: LZ V

6. A method according to claim 2, in which, for an NFET set of transistor bodies,

said transistor bodies are doped p-type and a region of said substrate below said set of

transistor bodies is doped p-type.

7. A method according to claim 2, in which, for a PFET set of transistor bodies,
said transistor bodies are doped n-type and a region of said substrate below said set of

transistor bodies is doped n-type.
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