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The field of the Invention is d circuits having body contacts.
BACKGROUND OF THE I NVENTI ON I n “\mwmmmmed circuits, a well known
problemis the buil dup of holes elec JQns in t he body of t he NFETs and Pf
ETs, respectively, changing the tranS|stor drive. The standard solution is
to make a contact to the transistor body, providing a path to ground to
drain away the charge. Unfortuna dy contacts consume precious
silicon area. In a few cases, ammmm "ﬂ be made by sel ectively
I npl anting oxygen only under the source and drain, or by etching a hole
through the buried oxide (Si02) and ffY?lng it with a conductor. Selective

{oRl ure Si 26 {7 ansi ot o X*M‘%W%ﬁ?ﬂﬂ‘%?ﬂ'ﬂﬁﬁ? tion i1 ei S

necessary t‘B CECTRICALL WEAKIN'IN GUXHEE UNI?E Hg) ge the
transi stors e correct ocatlons ching a hol e un e tran5|stor
body and f||||ng in an insulator requires many additional processing steps
and is expensive. The quality of the silicon in the transistor body wl|

al so deterlorate during this processing. .. S~1 MVARYO~ THE | NVENTI ON The
i nventi d of forming a body contact by establishing a

D
l O8nsi stor body through the buried insulator down

to the sili Comé'r'm&”tﬁ HvERADHTIE 91 Intee) Ateantirilis hayifig BNt 2L i on of

I ons t hrough transi stor y an rve nsul ol | owed by
t he appldomacty) of a voltage suff|C|ent to break down the oxide and
establish a conductive path between the transistor body and the substrate.
BRI EF DES RIPTION. OF THE D ~AW", ~I GS Figures | through 4 show vari ous
stages in the process. Figure 5 shoms a conpl eted transistor.

ACKGROUND OF THE INVENTI

In SOI integrated circuits, a well known problem is the buildup of
holes/electrons in the body of the NFETs and PFETs, 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 silicon 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 necessary to make some sort of alighment
referénce 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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\ : Figure 6 shows the application of bias voltages to wells farmed in the

substrate. DE~CRI PTI|I~N OF THE PREFER~t ED EMBOD~, AENT Referring to Fig. 1,
there is shown in cross section a sem conductor active area 30
(illustratively silicon) bounded by shallow trench isolation (STlI) nenbers
35. Area 30 is placed on top of an insulating [ayer 20. The whole is
supported by bulk substrate 10, illustratively doped p-type. Illustratively

| ayer 2y f(ﬁ 1? tﬂ@ oxygen foll owed by high tenperature
(13000 the literature as the SI MOX -2 met hod
(Separation iyelikpbAtiontietatey tdOX\ethod 6f témm%samow cbnetisy ned in

active area 30, the body of which will be connected through |ayer 20 to -
subst raeetahllsh\mgta conduohm@tathd:qlawtthfaotmnmstocdmdyr@roughrthm buxiedi on,
there w!| bea ath t in a charge fromthe transistor body in

oper at i Bigulatoy dows ‘-‘tﬁ Iqqglsmgstgg ®iepositing a | ayer of oxide (Si02) 40
and a layer of resist, 50, formng an aperture 52 in the resist. The total
t hi ckness of resist and oxide will be selected to block the ions that wll

be i npl ant ed Af featuF & ot the Inv@nien is M@ﬁnﬂantdtﬁﬁb‘f%ht’@h%u@(tﬁi@ | ayer 40
has a thickness of about 500nm and resist 50 has a thickness of about

1, COOnntrafiséstoribodyaudrinte the bawridd insulators foHpmd by the tappdicadion gf aof up
to 200keV. from r.eaghi t he silicon out,side erture i ows the
resul ¢ bphteggmutfeiantipebrankdewh thegiide and sstaioh asandctivespatior i ons
t hr ough e (BOX and st belo t, the
i on- :J%Péﬁ%@ﬁﬁééﬂﬁ"?&?%'gggaxt{ﬁd% Fﬁ%ﬂék%um(er al : I {‘ uneeded Wt Ihe

energy of the ions may be varied so that the ioninpl ant ed region ext ends
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 1013/cn®
have be%mmmge el ectrical breakdown field in a
(high i kness from ~18W/cmto ~13WM/ cm
The magni tud h | t iR He the region to be
i npl ant ed. Sﬂ%ixets tH HeMer;he er abﬁ)elp':'tn%f r?dizld vva gqué%[)ecause t hey have
consi der abl e anounts of unreact ed silicon that can contribute to the
conductive pa eferabl Y, et.ch thyough oxide 40 is a directional
reactive ionF ES é"(‘m&' at?%“ﬁg@ﬂ’tﬁr@“ﬁ%mgt raight walls. 3 It has
been found that Indiumis satisfactory for |owering the breakdown voltage
of oxide, but those skilled in the art will readily be able to make their
own choi ce. @ifgre 6XHoWs thébplication ebbkisnnlkayes td wadlefovmedlih 2Bes
include ions at |east as heavy as Si, especially in colums Ill and IV of

t he per substrateble, e.g. Ga, Ti, Si, Ge, Sn, Pb, Au, and Fe. If desired,
the transi stor body nay be connected through a well that, in turn, is
connected to a contact on the wafer surface. Such a structure is shown in
Fig. 6, in which a p-well 15 and an n-well 115 have body contacts 25 and
125) respectlvely Cont act 25 Wi II be rrade usi ng p- type ions (e.g. B) and
cont act DESSCR )3 i 3DIME or Sh). P-well 15

the dovice flgéprrmg&s"’ﬁs ﬁﬁé‘-?é wCS é@ﬁéﬁr&ppﬁ%wﬂ?' semiconsueto r“: 'tﬂath
5o 20, 2ahRE e RaC S0 YA Fat Va2 by plufifel iy sndfiSyirenBhisbiatich, " 200
149 and (8TfrRieMibere8BeAfet30 |§tplaceaqirhtdpﬁbtanqaaum' @sy?atze. ORifé T ed,

e.g. negative or ground for well and positive for well 115. After

el ectri evhole I\s«ealqlpﬂrrtgdtbyebulk sld)silttgte 20| dMeﬁraEnelyt deped gpetyps.ng 011: t he
self i?ﬁ@neﬂ%a«e@y BHRT20 38 otRody I flﬂﬁémﬁgﬁsﬁpw@ﬁ%ﬂeﬂﬁ "a gate
oxide 43¢ Obﬁ??ﬁﬁe ngggi Wt eﬁﬂegﬁm 41% spiox

pol ysi | | e epos em o ani ca

pol i shi ng, u5| ng the top surface of oxi de 40 as a polish stop to formgate
45. Another alternative nethod of proc& sing would be to renove the
deposited resist and oxide |layer 40 aft%r the inplantation of contact 25.
The transistor _,~_




: may then be fabricated using a conventional process. Since the |ithography
for BOX weakening was aligned with the STI litho marks as a reference, the
sanme reference could be used for gate definition. This will allow the
el ectrically weakened BOX areas to appear directly under the bodies of the
- Nt ETs and Pl' ETs. This,s d hod js. not self-aligned, but the

al i gnmerfie °‘£6 eparatjon Mﬁﬁ&%ﬁéﬂ? qfsamge% tical. ~'ig. 5 shows the
conpleted transistor with gate 45, sidewalls 47, source/drain 4% and body
contact 25. Qther conventional steps) such as formng silicide on the gate,
source and drRitFAnsistbr Willbedoriied #P AREITEaread30, R bauf of WiRICROWIIl Bet O

connect transistors to formthe circuit will be referred to collectively as
" conpl etdonnecdted through layeli 20itarsubsteate /20t i Withl the edndiiictive patie formedch

as formng pad oxide and nitride, formng STl, threshold adjustnent
i npl ant @,cc@ﬁam&&oﬁhkénmﬂlon)eﬂwﬁewrlgbet%m&h to itran awayechargentyom thes as

"prepari r.at e any convenient tine after the ion

i mpl ant é?g'é%ﬂ?%ﬁggggr'gp&fqtag%dl tage may be applied to break down the

oxi de. The vol tage shoul d produce an electric field across the BOX that is
above the breakdown val ue for the "weakened" areas of the BOX, but |ess

t han the bredkigo@nshaws dhe result obdaepositingaddy@aOsf axide (Si0y) 40apdize done
by exposing the wafep to a plasnma with bjas, conditions_set such that the
pl asma Vayergé resisty b0ufexming an@psrturai5adn the tasist.; T eytotal thickness y

B L i

appl i ed fygni Peachingtdeévice I1dyer Hegﬂilktsd%t‘ﬁelypbxmeld riaG¢hasabthickress t han,
about 50 V for a BOX thickness of 100nm but will vary with the magnitude

of the iafnabioite5000m apddiesist 50 has 3 thicknessafrabat 00 Ehe oxide here
nmeans that,the, insulati raperty.of the oxide is ] ost t oxide is
T eaky" QibkesistEandaask ioBs Whmizhted with 28 cgraviob B dordSukel siatm: o
merely t i ideBiedhe the holes will drain away in a
st eady S%ﬂ?ﬁ%&?é?ﬁ%ﬁfb‘ﬁ?ﬂds maﬂgﬁ{'tﬁg&i nplant is perfornmed before the

gate oxide is grown in order to protect the gate oxide frominplant damage.

Wil e the invention has been described in terns of a single preferred
enbodi nent, thigsS showsdheijresufecobetching|an apegttre 54 imoxided0andt i on can

be pract, i ri Qus . ] 4 thin irids f

DS, P b 8ot o iy theLab B i PR F oo

circuit (BOR) afdjast belowapsthe ionRiiAphdnted regiehbeing dendtedabith thavi ng a

sem conduct or device | ayer
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*3/cm? have been found to significantly lower the electrical
breakdown field in a (high integrity) gate oxide of 2.6nm thickness from
=18MV/cm to ~13MV/cm. The magnitude of the dose will depend 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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. above an insulator layer that is above a sem conductor substrate;

I nplanting a dose of ions in a set of transistor body |ocations in said
device | ayer, said dose of ions being inplanted with energies such that a
di stribution of ions extends from said body | ocations through said

- | at I [ bsir at, | t t I d
dovi co. | ayer/FaiHs Bept 1auBS thal IaIH 18 satiatpctata far faWeBMEtie | noul at or

I .

{1 ansi SrSAkeRh WoHaga i Saae ARt 1R0SY Skl it o WilF A heablete .t g

ci r cui tmaRe thelebWadclfsice! Ottt iblﬁ'ﬁhl‘&ﬁle for produtingilower bres HéWﬁr s

silicon and said insulator is oxid 3. A nethod according to claim2, in

whi ch amlthgemmdudeﬂonmatdbashas|I1eavy ashSn ,Fespexially indotumnsAlll andeivhod
according . to cl.ai,m i N whi ns fromcolum IV of the Periodic
Tabl e. 9. the pexigdic kahkls, @ ?oﬁ-éayl g\’ré)% S'i'n bty atigh ke ons are taken from
t he group conprising Si, Ga, CGe, In, Sn, Ti, Au, and Pb.:6. A method
according to claim2, in which an NFET set of transistor bodies is doped

p-type and afiRasinsd,thestad FstBF biodlyomi 6fh I es
i s doped p-type. l7. A net hog accordi ng ?olﬁé\lhal mé%!)@if%mfoulkgﬁé‘gveg{:%algy

transi ssn, dossecteditypaccontaghendhe wafergsurface. Saich s sbatctare ivel ow sal d
set of él{gﬁﬁllﬁtﬁg. O(Ijﬁ %ﬁucﬁ adSPﬁé’u”.Lé %ﬁﬁ an n-well 115 have body contacts
25 and 125, respectively. Contact 25 will be made 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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I 096 &elgctacatiybae skerdd BIXX @reas tappeur(direstlp ter)the bodies of the
NFETs and PFETs. This second method is not self-aligned, but the alignment

of contact 25 with the body is not critical.

Fig. 5 shows the completed transistor with gate 45, sidewalls 47,
source/drain 48 and body contact 25. Other conventional steps, such as
forming silicide on the gate, source and drain, 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 forming 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,
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The term "break down" as used here means that the insulating
property of the oxide is lost and the oxide is "leaky” (less than about
10° ohms). It does not have to be a conductor, merely to have a high enough

leakage that the holes will drain away in a steady state.

Preferably, this weakening implant is performed before the gate oxide

is grown in order to protect the gate oxide from implant damage.

While the invention has been described in terms of a single preferred
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.
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preparing a semiconductor wafer having a semiconductor device layer

above an insulator layer that is above a semiconductor substrate;

implanting a dose of ions in a set of transistor body locations in said
device layer, said dose of ions being implanted with energies such that a
distribution of ions extends from said body locations through said insulator
layer-and into said substrate;

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

forming a set of transistors and connecting said set of transistors to

form said integrated circuit.

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 Il
of the Periodic Table.
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5. A method according to claim 2, in which said ions are taken from the
group comprising Si, Ga, Ge, In, Sn, Ti, Au, and Pb.

6. A method according to claim 2, in which an NFET set of transistor
bodies is 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 a PFET set of transistor
bodies is doped n-type and a region of said substrate below said set of
transistor bodies is doped n-type.



