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-1, TITLE: SO /BULK HYBRI D SUBSTRATE AND METHOD OF FORM NG THE" “° V%
SAVE BACKGROUND OF THE I NVENTION 1. TECHN CAL FI ELD
The present invention relates generally to sem conductor devices and, nore
specifically, to a sem conductor substrate having both bulk chip areas and
areas of silicon on insulator in which selected areas of silicon on
insulator are electrically connected to the wafer so as to reduce floating
body probl ens and nethods of formng the sane. 2. RELEVANT ART
Cobnveriti onal or bul k sem conductor devices are forned in sem conductive
material by inplanting a well of either P-type or N-type material in a
waf er of either type material. Gates and source/drain diffusions are t hen
manuf act ured usi ng commonly known processes. These form devices known as
net al - oxi de- semi conductor (MXS) field effect transistors or FETs. Wen a
given chip uses both P-type and N-type, it is known as a conplenentary
nmet al oxi de sem conductor ("CMOS"). Each of these devices nus e
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circuits. Arelatively large amount of surface area is needed for the
el ectrical isolation of the paercROUND OF THE INVENTION

2 1. TECHNICAL FIELD
The present invention relates generally to semiconductor
‘devices and, more specifically, to a semiconductor substrate
having both bulk chip areas and areas of silicon on insulator in
" which selected areas of silicon on insulator are electrically
connected to the wafer so as to reduce floating body problems and
methods of forming the same. .
2. RELEVANT ART
Conventional or bulk semiconductor devices are formed in
semiconductive material by implanting a well of either P-type or
.N-typé material in a wafer of either type material. GCates and
source/drain diffusions are then manufactured using commonly
known processes. These form devices known as metal-oxide-
semiconductor (MOS) field effect transistors or FETs. When a
given chip uses both P-type and N-type, it is known as a
complementary metal oxide semiconductor (“CMOF). Each of these
devices must be electricélly isolated from the others in order to
avoid shorting of the circuits. A relatively large amount of
surface area is needed for the electrical isolation of the

varioug FETs, which is undesirable in the current trends of size



various FETs, which is undesirable in the current trends of size
-2- reduction and greater integration. Additionally, parasitic
paths and junction capacitance problens may al so occur because of the
source/drain diffusions' physical proximty to other FET' s and the bul k
substrate. These problens also result in difficulties when trying to scale
down to the sizes necessary for greater integration. Furthernore,
sub-threshol d sl ope and substrate sensistivity result in difficulties in
scaling bulk CMOS technology to | owvoltage applications. I n order
to deal with these problenms, silicon on insulator ("SO") has been gai ning
popul arity. However, SO suffers from the problens of self-heating,

el ectrostatic discharge susceptibility, |ow breakdown voltage, and-dynam c
floating body effects which present problens for passgate devices and
devices requiring tight threshold voltage control. Floating body effect

occurs when the body of the device is npt connected tqQ a fixed. .potenti al
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| eakage fromthe storage capacitor. Another problemthat is specific to
SO :is thatthehbullsrsithatantet |Thape papbienmpadsptveanll ip diffculties

when trying to scale down to the sizes necessary for greater
integration. Furthermore, sub-threshold slope and substrate
sensitivity result in difficulties in scaling bulk CMOS
'technology to low-voltage applications.

In order to deal with these problems, silicon on insulator
(*“S0r") has been gaining popularity. However, SOI suffers from
the problems of self-heating, électrostatic discharge
susceptibility, low breakdown voltage, and dynamic floating body
effects which present problems for passgate devices and devices
requiring tight threshold voltage control. Floating body effect
occurs when the body of the device is not connected to a fixed
potential and, therefore, the device takes on charge based on the
history of the device. Specifically, in dynamic random access
memory (YDRAM) the floating body effect can be especially
detrimental because it is critical that -the pass transistor
stays in the “Yoff condition to prevent charge leakaée from the
storage capacitor. Another problem that is specific to SOI is
that the formation of large value capacitors (i.e., for
decoupling applications) is very difficult because a sbecific

purpose of SOI is to reduce junction capacitance. Additionally,



decogpling applications) is very difficult because a specific purpose of
SO is to reduce junction capacitance. Additionally,

- 3- _ the thin layer of sem conductor nekes it difficult to create
| ow resistance discharge paths for electrostatic discharge ("ESD")
devi ces. Because of these drawbacks, it has been suggested that the

best” scenario would be to conbine areas of SO for high performance
support devices, with adjacent bulk deyjces for |ow |eakage nenory arrays.
However, form ng both the SO areas and the bulk areas is difficult at
best . SUVMMARY OF THE | NVENTI ON The
present invention provides an SO /bul k hybrid semiconductor substrate
conprising a single crystalline substrate having an upper surface, a first
surface area on the upper surface conprising an SO region, a second
surface area on the upper surface conprising a singlé crystalline region

having substantially the sanme crystal structure as_the sybstrat d
conduct i ve B1eedbiBdbayey Mfd seMigenductopoPeket df'%gl‘b‘g]ﬁ %’é’t 8F38£é chn"é gC]
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devices.

Because of these drawbacks, it has been suggested that the
best scenario would be to combine areas of SOI for high
performance support devices, with adjacent bulk devices for low
leakage memory arrays. However, forming both the SOI areas and

the bulk areas is difficult at best.

SUMMARY OF THE INVENTION

The present invention provides an SOI/bulk hybrid
semiconductor substrate comprising a single crystalline substrate
having an upper surface, a first surface area on the upper
surface comprising an SOI region, a second surface area on the
upper surface comprising a single crystalline region having
substantially the same crystal structure as the substrate, and a.
conductive -electrode formed only at a portion of the perimeter of
the SOI region electrically connecting the semiconductor of the
SOI to the substrate, the resistivity of the electrode being
substantially less than that of any of the semiconductor regions
to which it makes contact. Another alternative is provided in

which the conductive electrode is electrically isolated from the



SO to the substrate, the resistivity of the electrode being substantially
| ess- than that of any of the sem conductor regions to which it makes
contact. Another alternative is provided in which the conductive el ectrode
is electrically isolated fromthe

-4- bul k region by first fornihg t he conductive spacers and then
formnhg an overlying dielectric spacer on the surface of the conductive
el ectrode. The hybrid sem conduct or substrate may be manufactured by

initially providing a standard SO mafﬁ?’conprising a bul k sem conduct or
substrate, a |layer of an oxide on an upper surface of the substrate, and a
thin |l ayer of single crystal sem conductor material on an upper surface of
the oxide layer. A thin layer of a polish stop material, such as silicon
nitride is deposited (5-10nm followed by a | ayer of sacrificial nmaterial
that may be etched selective to the polish stop, such as silicon dioxide
(100nm . Openings are patterned in the oxide |ayer and etched through the
nitride, SObulikndebbwk hyxifdest sfaominggtis ddnductive sapacet st fmed sidfsst r at e.
Spacer materjal is deposited on the entire surface and then reactjve i on
et ched back fOF™iBE AR PYESL¥ing fistecsrieERAcEroPnt e SYEARRYCL $hfyl e

crystalllnecg%dhggpvé 1&&Qggd§p|taX|ally grown. The surface of the entire
structure

_E The hybrid semiconductor substrate may be manufactured by
.initially providing a standard SOI wafer comprising a bulk
semiconductor substrate, a layér of an oxide on an upper surface
of the substrate, and a thin layer of single crystal
semiconductor material on an upper surface of the oxide layer. A
thin layer of a polish stop material, such as silicon nitride is
deposited (5-10nm} followed by a layer of sacrificial material
that may be_etched selective to the polish stop, such as silicon
‘dioxide (100nm). Openings are patterned in the oxide layer and
etched through the nitride, SO0I, and back oxide, stopping on the
surface of the substrate. Spacer material is deposited on the
entire surface and then reactive ion etched back to form spacers
on the sidewalls of the openings. Single crystalline silicon is
thén epitaxially grown. The surface of the entire structure is .
then planarized by chemical mechanical polishing. The areas'qf
single crystal epitaxial silicon and SOI may then be_processed to
féfm the appropriate devices on the planar surface.

Accordingly, it is an advantage of the present invention
that the bulk devices and the SOI devices may be formed on a
planar surface in order to form bulk/SOI hybrids without having

topology problems resulting from photolithographic depth of focus



t hen planarized by chem cal nechanical polishing. The areas of single
crystal epitaxial silicon and SO nay then be processed to formthe
appropriate devices on the planar surface. Accordingly, it is an
advant age of the present invention that the bul k devices and the SO
devices may be fornmed on a planar surface in order to form bul k/ SO
hybrids w t hout having topol ogy problegs resulting from photolithographic

depth of focus -5-
probl ens. It is a further advantage that the nethod provides the
ability to selectively formareas that will allow for isolation or

- connecti on dependi ng upon the device requirenents. Yet anot her

advantage is that the SO devices nay be electrically connected to the
substrate or ground in order to elimnate floating body effects and, also,
to increase the effectiveness of electrostatic discharge devices.

Numer ous ot her advantages and features of the present invention wll
becone readP¥gPkgfFarent fromthe foll owing detailed description of the

i nvention, the draw ngs_and the _appended. c| aj.ns. .

BRI EF DESCRI PTI A% OF FHES Reebntage %h%BrJ"‘é% MEHRP RENGiIIRS 5Pt he nature
and advant agﬁfl:?cfy ttgesgi&.sﬁ%ly' BYEN Qs ERIENANGCaE I 2,08 sBREE 4,0 Lhe
followi ng detail ed description™ taken in connection wth the acconpanyi ng
dr awi ngs wher eddrinection depending upon the device requirements.

Yet another advantage is that the SOI devices may be
electrically connected to the substrate or ground in order to
eliminate floating body effects and, also, to increase the
effectiveness of electrostatic discharge devices.

Numerous other advantages and features of the present invention

will become readily apparent from the following detailed description of the

invention, the drawings and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For an understanding of the nature and advantages of the present
invention, reference should be made to the following detailed description
taken in connection with the accompanying drawings wherein:

FIG. 1 is a cross-sectional schematic of a first step in practicing
the method of the present invention;

FIG. 2 is a cross-sectional schematic of a second step in practicing
the method of the present invention;

FIG. 3 is a cross-sectional schematic of a third step in practicix_}g the
method of the present invention;

FIG. 4 is a cross-sectional schematic of a fourth step in practicing

the method of the present invention;



FIG 1 is a cross-sectional schematic of a first step in practicing the
nmet hod of the present invention; FIG 2 is a cross-sectiona
schematic of a second step in practicing the nmethod of the present

i nventi on; FIG 3 is a cross-sectional schematic of a third step in
practicing the nethod of the present invention; FIG 4is a
cross-sectional schematic of a fourth step in practicing the nethod of the
pr.esent invention; 6- - 6-

FIG 5 is a top down schematic of the present invention; and FIG 6
IS a cross-sectional schematic of an alternative final product in
accordance with the present invention. DETAI LED
DESCRI PTI ON OF PREFERRED EMBODI MENTS As shown in FIG 1, a standard

silicon on insulator ( SO )"substrate is provided. The standard SO is a
single crystalline sem conductor having a substantially planar surface and
I ncl udes an ins%gg ive layer 14 and a thin sem -conductive layer 16 in a

first surface args-ohiSthtePpioymaschenptic ebthepreseptinrentigns#nt? i n a second
surface area of e Y I ea 12 i si ngl e
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crystalline region having substanti e sane cryst | ructure as

the planar siddcatdancdMath tHelbbénmankaten.14 is typically a silicon oxide
and the single crystalline sem conductor materials are usually silicon.
The: substrate may be manufactured in a nunber of

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

As shown in FIG. 1, a standard silicon on insulator ( SOI )"substrate is
provided. The standard SOI is a single crystalline semiconductor having a
substantially planar surface and includes an insulative layer 14 and a thin
semi-conductive layer 16 in a first surface area on the planar surface and
a bulk area 12 in a second surface area of the planar surface. The bulk
area 12 is a single crystalline region having substantially the same
crystalline structure as the planar surface. The insulative layer 14 is
typically a silicon oxide and the single crystalline semiconductor matgrials
are usually silicon. The substrate may be manufactured in a number of
different ways including: silicon implanted-with oxide ( SIMOX ) th which the
bulk wafer is high energy implanted with a large dose of oxygen; bond and
etch back (“BE-SOI") in which two bulk wafers have an oxide grown on a
surface and a dopant profile is incorporated in one of the wafers to act as
‘a marker layer, the two oxide surfaces are bonded together and then one of
the wafers is etched back to the marker dopant layer; or a method known as
“smart cut "in which one of the wafers is hydrogen implanted before the
first wafer is bonded to the second wafer, the two are bonded together and
then the excess silicon of one of the wafers is cracked off using the

hydrogen in the silicon structure to cause the cracking in the proper level,



different ways including: silicon inplanted with oxide ( SIMOX ) in which
the bulk wafer is high energy inplanted with a | arge dose of oxygen; bond
and etch back ("BE-SO ") in which two bul k wafers have an oxide grown on a
surface and a dopant profile is incorporated in one of the wafers to act as
a marker layer, the two oxide surfaces are bonded together and then one of
the wafers is etched back to the marker dopant |ayer; or a method known as
"smart cut "in which one of the wafers i_s_hydrogen inplanted before the
first wafer is bonded to the second wafer, the two are bonded together and
then the excess silicon of one of the wafers is cracked off using the
hydrogen in the silicon structure to cause the cracking in the proper

| evel , -7- or by
any other suitable nmeans of making SO. Once the SO substrate has been
formed, a thin polish stop |ayer 18 (see Fig. 2), typically in the range

of fromabout 5 nmto about 10 nm of silicon nitride is deposited on the
thi'n | ayeroTdf¥y aRy iothay suitablecnesmisof making 8QI. Once fthe SPhsubstmatexiage | ayer

20, typicall boui 1 nm.thick, is n ogited on the thin nitride

| ayer 18, abaes?xs Iéxnm%é’i %&af‘@%ig s%"r?elag%’ E’Q?Teéﬁg gg YRRy pfbprBREYe a

buf fer regi@Eroh AboSUPARALGRLLY 10LRAM: %ﬁic};ﬁﬁt?ide(is %Qt) ditedl dd Hftny NE Duffer
region avoids epi overgrowh on the nitride [ayer, Pus I nproving the
crystal qudhydryofatilicdnhe AcdigeRictill ldyee, af tiay cbicOfk oxids 1aydrlzobe expl ai ned
further hereinafter. As shown in FIG 3, openings 22 are formed in

t he oxi de |%pinellyrbenrel00 mm shicke ihthen depppitechpn $harthip mditrisie lapleyiiphi cal | y
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for subsequently grown epitaxial ( effi ) 8ilicon. The buffer region avoids
"epi overgrowth on the nitride layer, thus improving the crystal quality at
the edges of the array block, as will be explained further here_inaftel_-.

As shown in FIG. 3, openings 22 are formed m the oxide layer by the

usual methods, ?;ypically by photolithographically defining the area using a
photoresist material and then etching the defined area. The materials are
etched through the oxide 20, nitride 18, SOI and back oxide layers 14 and 16,

stopping on the top of the bulk substrate 12. These openings will form the

array blocks in a DRAM product or the like, Electrically insulating spacers,

such as nitride, or electrically conducting spacers, such as p.olysilieon 24

may then be formed in chosen locations around portions of the perimeter of

the semiconductor on insulator region. If a conductive spacer 24 is used,

it will serve to electrically connect the semiconductor 16 of the SQI region

to the substrate, because the resistivity of the spacer is substantially

lower than that of any of the semiconductor regions to which it makes

contact. Typically materials for conductive spacers include, but are not

limited to, doped polysilicon; intrinsic polysilicon; copper; aluminum-copper;

titanium; titanium silicide; nickel silicide; and cobalt silicide. The spacers



etched through the oxide 20, nitride 18, SO and back oxide |ayers 14 and
16, stopping on the top of the bulk substrate 12. These openings will form
the array blocks in a DRAM product or the like. Electrically insulating
spacers, such as nitride, or electrically conducting spacers, such as
"polysilicon 24 may then be formed in chosen |ocations around portions of
the perineter of the sem conductor on insulator region. If a conductive
spacer 24 is used, it will serve to egectrically connect the sem conductor
16 of the SO region to the substrate, because the resistivity of the
spacer is substantially |ower than that of any of the sem conductor
regions to which it nmakes contact. Typically materials for conductive
spacers include, but are not I|imted to, doped polysilicon; intrinsic

pol ysi li con; copper; alum numcopper; titanium titaniumsilicide; nickel
silicide; and cobalt silicide. The spacers

- 8- 24 are fornmed_using known net hods depositing.a | ayer of the
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other, a mask may be use esired spacer and the

ot h_er spacehs sp@ée@ls.etﬁho@gcéi’é@ﬁ-are desired bil oﬁ@gitﬁ?&.ﬂ ok 5 MR¥rSel , it may be
desirable to etch into the top region of the silicon substrate to renove

t he transi thlegk mesk way beatsed dn protaet Ueclesimd spategrangride itheyl spacexsst al
silicon region damaged by the high dose oxygen inplantation, to provide a
good base 25¢ ettheddAW¥equent epi growth. A P-type epi layer 30 is then

gr 0\_/_VI"I up fromt ﬂ?tﬁeu Ql?ster&tSE]\M%% éé’f Eit may be desirable to etch into the top

region of the silicon substrate to remove the transition region, between
the back insulator and single cr&stal silicon region damaged by the high
dose oxygen implantation, to provide a good base for the subsequent epi
growth. A P-type epilayer 30 is then grown up from the substrate surfaee..
The epi layer 30 may be grown either selectively or non-selei:tively. If
growth is non-selective, the silicon that grows on the surface of the pad
coxide layer may be removed by polishing the entire surfz;ce. Non-selective
growth may be chosen for the easily controllable reaction conditions and _
the time savings. Growth conditions are adjusted so that the top surface
of the epi is at least as high as the upper surface of the thin polish stop
18. The substrate prior to polishing is shown in FIG. 3.

The entire substrate is then polished to result in the structure
shown in FIG. 4. Polishing the epitaxially grown silicon regions requires
the use of & polishing slurry that is selective to the oxide and the nitride
polish stops. The polishing pad is preferably rigid to avoid excessive
recessing of the epi with respect to the polish stop surface. When the epi
extends above the top oxide layer, the polishing process would involve two

polishing steps, The first step will polish the epi using the oxide layer as



The epi |l ayer 30 may be grown either selectively or non-selectively. If
gromh is non-selective, the silicon that grows on the surface of the pad
oxi de |l ayer nmay be renoved by polishing the entire surface. Non-selective
grow h may be chosen for the easily controllable reaction conditions and
the tine savings. G owh conditions are adjusted so that the top surface
of the epi is at |least as high as the upper surface of the thin polish stop
18. The substrate prior to polishing ig showm in FIG 3. The entire
substrate is then polished to result in the structure shown in FIG 4.
Polishing the epitaxially grown silicon regions requires the use of a
polishing slurry that is selective to the oxide and the nitride polish
stops. The polishing pad is preferably rigid to avoid excessive recessing
of the epi with respect to the polish stop surface. Wen the epi extends
above the top oxide layer, the polishing process would involve two
polishing steps. The first step will polish the epi using the oxide |ayer
as - the polish stop. This will typically recess the surface-of+the epi 30 belowWe pol i sh

stop. This will typically recess the surface of the epi 30 bel ow the oxide

surface. | fthegridy siwtecs. slicenigroviiots watrolled HeYPrBeR B StMPYPE the top of
the second bt HaR o 1eyEe irsrt e mertisiptr (Ao it P o
pad and s| Ydin "Rye BSeohathht phudlGub 86000 Sit:3le 89 thBSoCHopOrTRNIE  first
polish. Thi's step planarizes the epi 30 to the top of the nitride 18. The
polish tinaameigdd &iel siakrey nibydd dagd tih¢hasawnt stédp apivagneed Pfor thee cl oser
the height of the epi 18 is to the height of the nitride stop, 18, the |ess
. first polish. This step planarizes the epi 30 to the top of the nitride 18.

Thé polish times will be determined by the amount of epi growth, The closer

the height of the epi 18 is to the height of the nitride stop 18, the less

polishing is required. An ideal deposition target, accounting for ﬁxﬂformity

and some overgrowth for defects, might= be the midpoint of the oxide stop.

Since the top surface of the epi should 1;e within a few hundred angstroms

of the top of the nitride layer, any dishing that may occur should be minor

and not result in depth of focus concerns for the array area relative to

the SOI area. |

‘As depicted in FIG. 5, an area 100 of SOI is completely surrounded by a

bulk area 102, which is in turn complefely surrounded by areas of SOI 104,

First or conductive spacers 105 are provided along two edges or a first

portion of the perimeter of the interior SOI 100. A second or insulative

spacer 107 is provided along one edge or a second portion of the perimeter

of .the bulk area 102, In the remalning portions of the perimeters, the

epitaxially grown silicon is directly in contact with the SOI region. This

_figure serves to show the flexibility of the present invention because

each of these options ig available for any of the edges. Various

combinations of spacer type may be emplo'yed to meet the specific body



polishing is required. An ideal deposition target, accounting for
uniformty . and sone overgrowh for defects, mght be the m dpoint of the
oxi de stop. Since the top surface of the epi should be within a few
hundred angstrons of the top of the nitride |ayer, any dishing that may
occur should be mnor and not result in depth.of focus concerns for the
array area relative to the SO area. As depicted in FIG 5, an area
100 of SO is conpletely surrounded by ajgbul k area 102, which is in turn
conpl etely surrounded by areas of SO 104. First or conductive spacers 105
are provided along two edges or a first portion of the perineter of the
interior SO 100. A second or insulative spacer 107 is provided al ong one
edge or a second portion of the perineter of the bulk area 102. In the
remai ning portions of the perineters, the epitaxially grown silicon is
directly in contact wwth the SO region. This figure serves to show the
flexibility of the present invention because each of these options is

avai | abl e fesntaghyisgiationeeng hesmal\sink gequirements ohthespplisttiopacBer t ype may be
enpl oyed to _neet the specific body
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all the adjacent SO regions. This provides a body contact to the SO

regi ons adjapesitg.t Tais weddibegusedwith Aitical dieuiizgchit wbuldrsubfe@dkommi rcuitry
that would suffer from floating body effects such as passgate netal oxide
seni conductitretingdody effqcis sueh as prasgatesnetRlonAy semiconduatienfields requiri ng

clLose, MR Chihd, 488 GRS RIPL BLLS QuBhl bbad BRABIMASESSS, MoMOrY
sense amplifiers or static random access memory (SRAM) cells. The totally
contacted epi allows for the creation of fully depleted SOl devices with
contacted body and a substrate for bulk devices such as DRAM arrays or
applications requiriqg very low noise.

Insulative spacers on all sides of the SOI allow non-contacted body
SOI devices to be constructed adjacent the bulk devices. This provides the
maximum performance advantages of SOI when the detrimental floating body
effects are not severe enough to result in a loss of device stability, i.e.,
with grounded source devices that operate with low voltage power supplies,
typically less than 1.5V.

Insulative spacers may be used on one edge of the SOI without
spacers on any of the other edges. This arrangement provides layout
flexibility for forming combinations of contacted body SOI, bulk, and
fl&ating body SOI devices near each other.

Conductive spacers (which may be metallic) tﬁay be provided on all
sides of the SOI region. This arrangement provides very low electrical

resistance and thermal paths from the body of the SOI to the substrate.

This is useful for providing stability for higher voltage applications where



contacted epi allows for the creation of fully depleted SO devices with
contacted body and a substrate for bul k devices such as DRAM arrays or
applications requiring very | ow noi se. | nsul ati ve spacers on all
sides of the SO allow non-contacted body SO devices to be constructed
adj acent the bul k devices. This provides the maxi mum performance

advant ages of SO when the detrinental floating body effects are not

severe enough to result in a |oss of demi-ce stability, i.e., wth grounded
source devices that operate with | ow voltage power supplies, typically
| ess than 1.5V I nsul ati ve spacers may be used on one edge of the

SO without spacers on any of the other edges. This arrangenent provides

| ayout flexibility for form ng conbinations of contacted body SO, bulk,
and floating body SO devices near each other. Conducti ve spacers
(which may be netallic) nmay be provided on all sides of the SO region.
Thi s arrangenent provides very low electrical resistance and thermal paths
from t he bolgdbrurnesat may hegrelstively lnsge atThis alphiprovisles dmisnpved growpr ovi di ng

stability fg%gpi g{gercav%%, %?g &J i cati ons \t/vh re ) . body
current may “BERPECRTY ‘1"3‘2. S FOTPAFYD _"pﬁl?\ﬁra%%gﬁ“ﬁm & ¥ihother
di ssi pat i oneGARalblh bntRtingPhe 301G2pRALEd t0 the arrangement in which the
epi is grown contacting the SO regions. Anot her alternative
arrangenent is depithéesdtémativiariangbmenidbicted B PEE.LE. - 12 donductened to
first provide the very |ow resistance path from SO
: spacer 124 is formed to first provide the very low resistance path from SOI
region 120 to the substrate, and an insulative spacer 126 is formed on the
conductive spacer 124 to provide dielectric isolation between the SOI
region 120 and the adjaceﬂt bulk device region 122. The insulative spacer
126 may also be created in the same step in selected portions of the
perimeter where the conductive spacer 124 is not present, and may not be in
selected portions of the perimeter where the conductive spacer 124 is
present, depending on the desired structure and function of the various
parametrial devices. ' The ability to include portions that are both
electrically contacted to the substrate while being dielectrically isolated
from the epi region is useful and important for low-noise and mixed
analog/digital applications.
While the invention has been particularly shown and described with
reference to preferred exemplary embodiments thereof, it will be
understood by those skilled in the art that the foregoing and other changes
in form and details may be made therein without depé.rting from the spirit

and scope of the invention.



region 120 to the substrate, and an insul ative spacer 126 is fornmed on the
conductive spacer 124 to provide dielectric isolation between the SO
region 120 and the adjacent bul k device region 122. The insul ative spacer
126 may al so be created in the sane step in selected portions of the
peri meter where the conductive spacer 124 is not present, and nay not be in
sel ected portions of the perineter where the conductive spacer 124 is
present, depending on the desired structypre and function of the various
paranetrial devices. The ability to include portions that are both
electrically contacted to the substrate while being dielectrically isolated
fromthe epi region is useful and inportant for |ow noise and m xed
anal og/ di gital applications. Wil e the invention has been
particularly shown and described with reference to preferred exenplary
enbodi nents thereof, it will be wunderstood by those skilled in the art
that- t he foregoing and other changes in formand details may be nade
therein wi thout. departing fromthe spi GHAIMEnd scope of the invention
-12- : . . -CEAHVG-—Aecordingty,
what is cl aiAfeeFdirely, what isclaimed dsiquct or appar at us 3“““'“5‘""““"4‘” (a)
* c L M H *

a single crystalline substrate having a substanti all

1. A semiconductor apparatus comprising:

(a) & single .crystalline substrate having a substantially planar
surface;

(b) a first surface area on the planar surface having a
semiconductor on insulator region;

{c) a second surface area on the planar surface being a single
crystalline region; and

(d) a conductive spacer formed only at a first portion of the
perimeter of the semiconductor on insulator region connecting the
semiconductor of the semiconductor on insulator region to the substrate,
the resistivity of the spacer being substantially lower than that of any of

the semiconductor regions to which it makes contact.

2. The semiconductor apparatus of claim 1, wherein the single crystalline

substrate is a silicon wafer.

3. The semiconductor apparatus of claim 1, wherein the conductive spacer
is a material selected from the group consisting of: aluminum; tungsten;
doped polysilicon; intrinsic polysilicon; copper; aluminum-copper; titanium;

titanium silicide; nickel silicide; and cobalt silicide.



(b) a first surface area on the planar surface having a sem conductor on

i nsul at or region; (c) a second surface area on the planar surface
being a single crystalline region; and (d) a conductive spacer
formed only at a first portion of the perineter of the sem conductor on

i nsul ator region connecting the sem conductor of the sem conductor on

i nsutator region to the substrate, the resistivity of the spacer being
substantially |ower than that of any ofi3-the semi conductor regions to which
it makes contact. 2. The sem conduct or appar atus of—elat-m-t-—wheretrn—the

single crystalline substrate is a silicon wafer. 3. laeond
apparatus of claim1l, wherein the conductive spacer |sjwmlmrmmmf ed
fromthe group consisting of: alum num tungsten; doped poleysilieons =
intrinsic polysilicon; copper; alum numcopper; titaniunm titanium
silicide; nickel silicide; and cobalt silicide.

- 13- 4. The sem conductor apparatus of claim1l, wherein the second
surface area Tie sumiapiduatorappyragne eh clsin L cwhersin the g¢cond susfacghe

sem conductor apparatus of claim1, further conprising a plurality of

devi ces on 2uea if ppepiteyislly group sllicsRdraterdelsecond surface area, and

5. The semiconductor apparatus of claim 1, further comprising a plurality
of devices on the first surface area and the second surface area, and
wherein the conductive spacer is formed at the entire_perimeter of the
semiconductor on insulator region for higher voltage applications of the

plurslity of devices on the first surface area.

6. The semiconductor apparatus of claim 1, further comprising an insulative
spacer formed only at a second portion of the perimeter of the

semiconductor on insulator region dielectrically isolating the first

surface area froﬁx the second surface area in the second portions of the

perimeter.

7. The semiconductor apparatus of claim 6, wherein the first surface area
direcﬂy contacts the second surface area in the remainder of the

perimeter not in the first portion or the second portion.

8.- "The semiconductor apparatus of claim 1, wherein the first portion of the

perimeter is the entire perimeter.

9. The semiconductor apparatus of claim 1, wherein the first portion of the

perimeter is a portion of the perimeter and wherein the first surface area



wherein the conductive spacer is fornmed at the entire perinmeter of the
sem conduct or on insulator region for higher voltage applications of the
plurality of devices on the first surface area. 6. The sem conduct or
apparatus of claim1l, further conprising an insulative spacer fornmed only
at a second portion of the perinmeter of the sem conductor on insulator
region dielectrically isolating the first surface area fromthe second
surface area in the second portions of-iphe perineter. 7. The

sem conduct or apparatus of claim6, wherein the first—surface—area— ___
directly contacts the second surface area in the rema

perinmeter not in the first portion or the second portlgm"m H'i’ﬁum”m
sem conduct or apparatus of claim1l, wherein the first pbrtaon 0
perimeter is the entire perineter. 9. The sem conduct or apparatus of
claim1l1, wherein the first portion of the perineter is a portion of the
perineter and wherein the first surface area

-14- dingctliz cohtpctotheagrcond lyurfgex ared is (th¢ aemsindersofi thet he renmmi nder of
the perineter.
perimeter.

16. The semiconductor apparatus of claim 1, wherein the second surface
area has substantially the same crystalline structure as the planar

surface.



10 The sem conduct or apparatus of claim1l, wherein the second surface
area has substantially the sane crystalline structure as the pl anar

surface. -15- 11.
A sem conduct or apparatus conpri sing: (a) a single crystalline
substrate having a substantially planar surface; (b) a first
surface area on the planar surface having a sem conductor on insulator
regi on; (c) a second surface area.ign the planar surface being a
single crystalline region having substantially the sane crystalline
structure as the planar surface; (d) a conductive spacer forned

only at a first portion of the perineter of the sem conductor on insul ator
regi on connecting the sem conductor of the sem cond t Or i nsul at or
region to the substrate, the resistivity of the spa ,Em l,m" ’mﬁﬂ tially
| ower than that of any of the senmi conductor regions

contact; and (e) an insul ative spacer forned at sel ect &d portlons of
t he- peri et 41. fofenriendiarior epphretusr compmisiigs conductive spacer, thereby
electrically i soI ating the sem conductor on insulator region fromthe
second surface &P &asBElpgrystaliing shstrate haying# substantially planar

surface;

{(b) a first surface area on the planar surface having a semiconductor
on insulator region;

(c) a second surface area on the planar surface being a single
crystalline region having substantially the same crystalline structure as
the planar surface;

(d) a conductive spacer formed only at 8 first portion of the
perimeter of the semiconductor on insulator region connecting the
semiconductor of the semiconductor on insulator region to the substrate,
the resistivity of the spacer being substantially lower than that of any of
the semiconductor regions to which it makes contact; and

(e) an insulative spacer formed at selected portions of the perimeter
of the semiconductor, on the conductive spacer, thereby electrically
is;olating the semiconductor on insulator region from the second surface

area single crystalline region.

12. The semiconductor apparatus of claim 11, wherein the single crystalline

sﬁbstrate is a silicon wafer.

13. The semiconductor apparatus of claim 11, wherein the conductive spacer
is a material selected from the group consisting of: aluminum; tungsten;

doped polysilicon; intrinsic polysilicon; cbpper ; aluminum-copper; titanium;



12. The sem conductor apparatus of claim1l, wherein the single crystalline
substrate is a silicon wafer. 13. The sem conduct or apparatus of claim
11, wherein the conductive spacer is a material selected fromthe group
consisting of: alum num tungsten; doped polysilicon; intrinsic

pol ysl |1 con; copper; alum num copper; titanium

-16- titaniumsilicide; nickel silicide; and cobalt silicide.
14." The sem conductor apparatus of claimgll, wherein the second surface
area is an epitaxially grown silicon material. 15. The sem conduct or

apparatus of claim 11, further conprising a plurality of devices on the
first surface area and the second surface area, and wherein the first
portion of the perinmeter is the entire perinmeter of the sem conductor on
i nsul ator region for higher voltage applications of the plurality of
devices on the first surface area. 16. The sem conductor apparatus of
claim1l, further conprising an insulative spacer fornmed only at a second

portion of tteniyersilieides nifkel filicidee nd cabpie sicidsn | nsutator-region

i o i s e y T

14, The semiconductor apparatus of claim 11, wherein the second surface

area is an epitaxially grown silicon material.

15. The semiconductor apparatus of claim 11, further comprising a plurality
of devices on the first surface area and the second surface area, and
wherein the first portion ¢f the perimeter is the entire perimeter of the
semiconductor on insulator region for higher voltage applications of the

plurality of devices on the first surface area.

16. The semiconductor apparatus of claim 11, further comprising an
insulative spacer formed only at a second portion of the perimeter of the
semiconductor on insulator region dielectrically isolating the first
surface area from the second surface area in the second portions of the

perimeter.
17. The semiconductor apparatus of claim 16, wherein the first surface
area directly contacts the second surface area in the remainder of the

perimeter not in the first portion or the second portion.

18. The semiconductor apparatus of claim 11, wherein the first portion of



surface area fromthe second surface area in the second portions of the
perineter. 17. The sem conduct or apparatus of claim 16, wherein the
first surface area directly contacts the second surface area in the

remai nder of the perinmeter not in the first portion or the second portion.
18. The sem conductor apparatus of claim 11, wherein the first portion of
-17-- the perineter is the entire perineter. 19. The

sem conduct or apparatus of claim 11, Wwherein the first portion of the
perinmeter is a portion of the perineter and wherein the first surface area
directly contacts the second surface area in the renmai nder of the
perineter. - 18-

the perimeter is the entire perimeter. ”!Il“cl “llu I“M" "||s| " I!ll :

18. The semiconductor apparatus of claim 11, wherein the first portion of
the perimeter is a portion of the perimeter and wherein the first surface
area directly contacts the second surface area in the remainder of the

perimeter.



20. A nethod of form ng a sem conductor device conprising the.steps of:
(a) providing a single crystalline substrate having a substantially planar

surface; (b) forming a first surface area in the single crystalline
substrate, the first surface area being a sem conductor on insul ator
regi on having a perineter; (c) depositing a thin polish stop | ayer;
(d) depositing a sacrificial |ayer; (e) form ng openings in the
sacrificial l|ayer, thereby exposing porf?%hs of the thin polish stop

| ayer; (f) etching the openings to a top of a bulk substrate;

(g) growing single crystalline sem conductor material at Teast—to-t-he

| evel of the thin polish stop |ayer; and (hy gﬂlﬂﬁﬂ” i.ngl e
crystalline sem conductor nmaterial to the thin poli ﬂlm”mwm 21.
The nethod of claim 20, wherein the first surface ared i § flormedsoy;¥hi gh
energy inplantation of a | arge dose of oxygen, and further conprising the

tep, aft t f d bef t f: et into the t f
oL eP St B8, LoD A Ut compris Sl Syl 42, L1 9P ©
clai m 20, whereig, L0 G0N 38, 08 oL AEaiRhE Fhissebded $holdy D SubsifMigfnductor i's

é nnelg. '

done in a non-se trve
-19- planar surface;

(b) forming a first surface area in the single cryétalline substrate,
the first surface area being a semiconductor on insulator region having a
perimeter;

(c) depositing a thin polish stop layer;

(d) depositing a sacrificial layer;

(e) forming openings in the sacrificial layer, théreby exposing
portions of the thin polish stop layer;

(£) etching the openings to a tc;p of .a bulk substrate;

(g) growing single crystalline semiconductor material at least to the
level of the thin polish sfop. layer; and

(h) ‘polishing the single crystalline semiconductor material to the thin

polish stop layer.

21, The methori of claim 20, wherein the first surface area is formed by
high energy implantation of a large dose éf oxygen, and further comprising
the step, after step (£f) and before step (g) of:

etching into the top of the bulk substirate to remove a transﬁion .

region,

22, The method of claim 20, wherein the growing of the single crystalline

semiconductor is done in a non-selective manner.



23." The nethod of claim 22, wherein the polishing of the single crystalline
sem conductor material includes a first polish step to the sacrificial

| ayer and a second polish step to the thin polish stop |ayer. 24. The
met hod of claim 20, wherein the single crystalline sem conductor nmaterial
is growmn to the mdpoint of the sacrificial |ayer. 25. The net hod of
claim 20, further conprising, after step (f) and before step (g), the step
of + selectively formng a firstjgpacer at a first portion of the
perimeter of the sem conductor on insulator regian. _ 26. The The net hod of

claim 25, wherein the spacer material is selected [ron1 the group —

consi.sting of: conductive spacer material; mmﬂmﬁ“ﬂmm)
acer

material; and a conductive spacer nateri al haV|ng
material on an upper surface thereof. 27. The: met hod “of "cl & m 26,

further conprising, after the formation of a spacer at a first portion of
the perineter, the step of: sel ectively form ng a second spacer at a
second port 2%n T mdtbod pé rlaime €2 wherein the polishing of the single crystalline

semiconductor material includes a first polish step to the sacrificial layer

and a second polish step to the thin polish stop layer.

24. The method of claim 20, wherein the single crysta.‘ilixie semiconductor

material is grown to the midpoint of the sacrificial layer.

25. The method of claim 20, further comprising, after step (f) and before
step (g), the step of:
selectively forming a first spacer at a first portion of the perimeter

of the semiconductor on insulator region.

26. The method of claim 25, wherein the spacer material is selected from
the group consisting of:

conductive spacer material; insulative spacer material; and a
conductive spacer material havmg an insulative spacer material on an

upper surface thereof.

27, The method of claim 26, further comprising, after the formation of a
spacer at a first portion of the perimeter, the step of:
selectively forming a second spacer at a second portion of the

perimeter.



