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Bulk and Strained Silicon on Insulator
Using Local Selective Oxidation

Field of the Invention

This invention relates to forming bulk or strained Si/SiGe layered
regions adjaéent to or on an insulator and more particularly to
local selective oxidation of SiGe for forming an insu;ator region
underneath semiconductor regions for device applications such as
complementary metal-oxide-semiconductor {CMOS) field effect
transistors (FET's), moaulation-doped field-effect transistors
(MODFET's), dynamic random access memories (DRaM's), mixed DRAM and

CMOS, static random access memories (SRAM's), BiCMOS, and rf.

Background of the Invention

In silicon semiconductor technology, the only way to achieve
insulating substrates is by resorting either to silicon on
insulator (SOI), silicon on sapphire (S0S), or etch and bond back
to gchieve SOI. The main advantage of using an. insulating
substrate in CMOS and high speed FET's is to reduce the parasitic
junction capacitance and the short channel effects and thus,
increase the speed performance of the devices. One major problem

with all of the above methods is that the insulator covers the



This invention relates to personal conputers, and nore particularly to
"personal conputers in which capability is provided.for the usual system
controlling processor to be reset, initialized and then isolated if an
alternate systemcontroller is provided for the system Per sonal conputer
systems in general and |BM personal conputers in particular have attained
w despread use for providing conputer power to many segnents of today's
nodern society. Personal conputer systens can usually be defined as a desk
top, floor standing, or portable mcroconputer that consists of a system
unit haenhyra wahglteasiistentpyocrwissor thyl asdaei d@eedceolaaehl énandding
non-vol atile nmenory, a display nonitor, a keyboard, one or nore diskette
drives,uad?F&%%F%ié@?s?@?ﬁﬁe?o%ﬁﬁFQﬁ1%ﬂﬁﬂqéﬁapelp@fn%eFET-Ch@héfbPHéed

di stinguishin aracteri.stics .of these _syste IS e use_of, t.her board
o “syor Sidh REvERTGACIITE FRa8E BT eI Phgo PRl REns " ] ofBaSh o

desi gnegoBy s NBFob et O Ginke kRCRERIEHRaCHRUELBI POVETi d G13a%iRG &ikper and
are inexpensively priced for purchase by individuals or small businesses.
Exanpl esespestcitopartsonahammeiput errhdgs tpamblame halsBM GrdiseSCGNAE e VPURER AT
and 1 BM s PERSONAL SYSTEM 2 Mbddel s 25, 30, L40SX, 50, 55, 65, 70, 80, 90
and 95. threpaeld Sinditage eamtiel @ndssiFewit pRerrimn geBbe pthemprpbdenThe

first . . . . .
with the above solutions is that they are far more expensive than

regular bulk silicon substrates. 1In addition, there is no simple
way of getting strained silicon on insulator, which would have

higher electron and hole transport properties.
Summary of the Invention

In accordance with the present in;ention, a method for forming
buried oxide regions below a region of . a single crystal
semiconductor layer is described comprising the steps of selectihg
a single crystal silicon substrate, forming a first epitaxial layer
of constant or graded SiGe on the upper surface of the substrate
having a first rate of oxidation. This layer can be either
strained or relaxed SiGe or lattice matched SiGeC. Then forming a
second epitaxial layer containing silicon on the first layer having
a seFOnd rate of oxidation less than the first rate of oxidation,
forming a mask over the second layer, patterning the mask to form
openings in the mask, and oxidizing through the mask openings the
second layer and the first layer whereby an oxide region forms

having portions replacing portions or all of the first layer
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famly, usually referred to as Famly | Mdels, se a bus architecture
exenplified by the | BM PERSONAL COMPUTER AT and ot her "I1BM conpati bl e"
machi nes. The second famly, referred to as Famly Il Mdels, use IBMs
addr ess one negabyte of nmenory. Later Fanily | nodels and the Family 11
nodel s typically use the higher speed IJNTEL 80286, 80386, and 80486

m cr oprocessors which can operate in a real node to emul ate the sl ower
speed | NTEL 8086 m croprocessor or a protected. nobde which extends the
addressing range from 1l negabyte to 4 G gabytes for sone nodels. In
essencenndelraepédl thedeetend uteyaf. t he 80286, 80386, and 80486 processors

The invention further provides forming FET's with its channel

in the second layer above remaining portions of the first laver.

Brief Description of the Drawing

These and other features, objects, and advantages of the
present invention will become apparent upon consideration of the
following detailed description of the invention when read in

conjunction with the drawing in which:

Figs. 1 and 2 are cross section views of a layered structure

illustrating the steps in practicing the invention.

Fig. 3 is a cross section view along the line 3-3 of Fig. 2
after the oxidation step illustrating one embodiment of the

invention.

Fig. 4 is a graph of the oxidation rate of silcon versus boron

concentration at various temperatures and ambients.

Fig. 5 is a TEM of a fabricated sample of the embodiment shown

in Fig. 3; and
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BC9- 91- 026 2 provi de hardware conpatibility with
software witten for the 8086 and 8088 nicroprocessors. As per sonal
conput er technol ogy has devel oped and noved from eight to sixteen and
eventually thirty two bit w de bus interaction and hi gher speed
m croprocessors capable of real and proyected node operation, performance
capability has been sought by separating the architecture of the personal
conputer into varying bus areas. Mre specifically, in the original |BM
PC, what cane to be _known as the expansion bus was essentially a direct
ext ensi on of fife fi dFoprBERES (TeqEOR6 voLrwa0BS) seerndceinbadimént faf etheand i
denul ti pl . required..lLater, as_the AT bus specification was devel oped
and cangns)r%t%gl\%%déﬁugagfﬁ%wq)eq R WP TR n®w S Sthe | ndustry St andard
Architecture or 1SA), it becane possible to sever the nearly direct
connection between the m croprocessor and the bus, giving rise to the
presence of Wwigt becdme knawdsas sbeticicali@s 00ESSHr 1Byerand ddividenam ng
of the expansion bus as the input/output

illustrating an additional step of removing the oxide formed during

the step of oxidation.

Fig. 8'is a cross section view illustrating an additional step

of oxidation.

Description of the Preferred Embodiments

Réferring to Fiqi 1, a cross section view of a layered
structure 12 is shown to illustrate initial process steps. First,
a single crystal semiconductor substrate 14 is selected which may
be Si, SiGe, etc. Next, an epitaxiél layer 16 of constant or
graded Si,.xGey or (Si,.,Ge,).C,., is formed oﬁ the upper surface 15 of
substrate 14. For a description of UHV-CVD methods for growing
silicon containing films, reference is made to US Patent No.
5,298,452 by B.S. Meyerson which issued Mar. 29, 1994 entitled
"Method and Apparatus for Low Temperature, Low Pressure Chemical
Vapo} Deposition of Epitaxial Silicon Layers" which is incorporated
herein by reference. Epitaxial layer 16 may have a Ge content X in
the range from 0.15 to 0.25. Epitaxial layer 16 has a first rate

of thermal oxidation at a specified temperature and ambient. The



bus. Typically, in order to enhance performance, the | ocal processor bus
runs at a higher clock speed (typically expressed in Hertz) than does the
i nput /out put bus. The IBM AT architecture al so opened the possibility of
runni ng nore than one m croprocessor on the input/output bus, through use
of direct nenory access (DWVA) interrupt_g; As enhanced performance
capability has continued to be a goal, and as faster clock speeds have
becone attainable for mcroprocessors, strategies have evolved in which it
has becone desirable to acconmodate alternate systemcontrollers which nay,
under apPPOPRT Ml dincdidiet erYasn. avste® GEeLr shdPT G emTHentconattiagh t he
control lLers e.inserted., For exanple,. th rovisiQn of a_ prqcessor upgrade
card or%gog]rr%é?% GREPRXAME © §?T€W‘F’élaslt ﬁ&'g’@&y.lg Eléré'tegf%?@, §BcHTow
Strat egbgecdianer 145 UBLLY GARLEMALQRed 11 ahbed | hiive OB 9k DR URGLAdRY
conponent for the conmponent previously used. Such substitutionis
accept abbes vdretse, canpontst sedketedceid/elal® 0CKBEstCORAEEt WS RAEMnLEI NG
ready interchange. However, where conponents are soldered in place on
ci r cui t ope@ P .as The tthdckneeswpf hepl tanifdc dayenint6 |is di®G886SXp buach
substi tut'ion Is less feasible qr inpossible. In partjcular, nere
below or above the critical thickness to provide a strained or
relaxed layer respectively. For a description of forming relaxed
layers of SiGe, reference is made to US Patent 5,659,187 by F.K.
LeGoues and B.S. Meyerson which issued Aug. 19, 1997 entitled l.'Low
Defect Density/Arbitrary Lattice Constant Heteroepitaxial Layers"

which is incorporated herein by reference.

Next, an epitaxial layer 20 of Si or Si,.,Ge, is formed.on the
upper surféce 17 of epitaxial layer 16. Epitaxial layer 20 may
have a constant or graded Ge content Y where ¥ is less than X and
may be zero. The composition of layer 20 is chosen so that laver
20 has a second rate of oxXidation less than the rate of oxidation

of layer 16 and has desired electrical properties.

Next, a mask 24 is formed over the upper surface 21 of layer
20. Mask 24 may be a blanket layer of silicon nitride or of other
material such as a material that is slow or resistant to oxidation
or aﬁmaterial which is already an oxide. Silicon nitride is a
preferred material because it can be selectively removed with
respect to an oxide i.e. silicon dioxide. Mask 24 is patterned to

form openings 26 as shown in Fig. 2. Openings 26 may extend along
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BC9- 91- 026 3 addi tion of another device normally

will result in unacceptable contention for control of systemresources and
bus access. . Now according to the present invention there is provided a
per sonal

-6-

a path or pattern to forp a mask shape 29 or a number of mask
shapes 30 shown in Fig. 2. Mask shapes 30 may form a rectangle,‘
square, and/or circle. Other shapes may also be formed by the
pattern of openings 26. Mask shapes 30 may be a plurality of
rectangles and/or squares having dimensions of l1um by 1pm or less.
Mask shapes and size may be selected to accomodate one device on a
single area of Si or SiGe surrounded entirely by oxide with a
remaining portion or no portion of SiGe below in contact with

substrate 14.

Next, layered structure 12 is placed in an oxidizing ambient
at a temperéture to oxidize epitaxial layers 16 and 20 through
openings 26 and hence around the edges of masks shapes 30.
Dependent on the three dimensional composition profile of Ge in
SiGe, the three dimensional doping profile of boron in layers 16
ahd 20 and the time of oxidation, oxide 33 and 34 are formed as
shown in Fig. 3 could and termination layuer 16' or extend through
layer 16'and terminate in substrate 14. The oxidizing ambieht may
be wet thermal oxidation in steam, oxygen and/or hydrochloric acid :
at a temperature in the range from 700°C to 950°C and preferably in
the range from 700°C to 800°C. For example at 750°C, Si has an
oxidation rate in the range from 0.5 to lnm/min. SiGg with 7% Ge
has én oxidation rate of about 3.5nm/min. SiGe with 16% Ge has an
oxidation rate of about 5.2nm/min. SiGe with 53.5% Ge has an
oxidation rate of about 44nm/min. SiGe with 76.6% Ge has an

oxidation rate of about 66nm/min. For more data on oxidation rates
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conput er system conprising: a high speed | ocal processor data bus; an

i nput/output data bus; a m croprocessor coupled directly to said |ocal
processor bus; a connector coupled directly to said |ocal processor bus for
accomodati ng reception of an alternate processor; and a bus interface
controller coupled directly to said |ocal processor bus and directly to
sai d input/output data bus for providing conmuni cati ons between said | ocal
processor bus and said input/output data bus, said bus interface controller
providing for detection of the presence of an alternate processor received
i n sai do€ontEEd odsand, fiumatdoponse ttempetacireonand tdwe prefenceiaf aFf

al ternate processor,_transferring control of said |local processor bus from

said m SPBBPBEELRr G sZPRI4| t BRemERE pAoKest | Wet PRt IR orl@TRY /t 0 t he
Lo e ; . t t f
> hi gh rbﬂggeﬁbgnl%uggge'§ongﬁ?ggggg%ggggﬁgﬁgd%%ggéb%%ds%s ?gh%%ﬁgéksggged

a high speed data amcro y t0 sat

data buentatre@necthosdsoupt edLsi I atidrinalio Sddgkd 0GRodURE@SSOnbUg ;1 ar
accomodati ng reception of an alternate processor; volatile nmenory coupl ed
di rect | fechnehdgy hi ghlide&dadat Rheosména Volsit i 4 2- 48 o 2g®6 of ppat a7-stkor age
menory devices for nonvolatile storage of data;, a storage controller

coupl edPHPLLEReY by SGitetiPyklipabions: Switserhando said storage menory
devices for regulating conmuni cations with said storage nenory devices; an
i nput/out put data bus; -an i nput/output controller coupled directly to

Fig. 3 is a cross section view along the line 3-3 of Fig. 2
after oxidation of epitaxial layers 16 and 20 around the edées of
mask 29 through openings 26 shown in Fig. 2. As shown in Fig. 3,
epitaxial layer 20 is totally consumed by oxide regions 33 and 34
except below mask shape 29. Epitaxial layer 16 is almost or
totally consumed below openings 26 and extends laterally in layer
16 below layer 20°'. 'The oxide formed is Si,Ge,0, where r and s have
values in the range from greater than 0 to 2 dependent on the Ge

content in layer 16 as a function of thickness and on the oxidation

.conditions.

Oxides 33 and 34 extend in layer 16 underneath layer 20' where
layer 16' has a rate of oxidation greater than the rate of
oxidation of layer 20' which is controlled by the grading of Ge in
SiGe gnd by the doping profile of boron, if any is present. Boron
may be doped up to 10%*atoms/cc to enhance oxidation of SiGe. The
amount of germanium provides a corresponding increase in the
oxidation rate. The amount of boron provides a corresponding

increase in oxidation rate as shown in Fig 4. In Fig. 4, the
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I nput /out put data bus; a digital signal processor coupled directly to
| nput/ out put data bus; a video signal processor coupled directly to

i nput /out put data bus; and a bus interface controller coupled to said
speed data bus and to said input/output data bus for providing

communi cati ons between said high speed_ggta bus and said i nput/output data

bus,

said bus interface controller providing for detection of the presence

of an alternate processor received in said connector and, in response to
detection aof the presence of an alternate progessor,

ordinate epresents cxidation rate (A/min) and the abscissa
represents boron concentration (cm'?). Curve 41 shows the oxidation
rate of silicon as a function of boron concentration at 700°C in
oxygen at 1 atmosphere pressure. Curve 42 shows the oxidation rate
of silicon as a function of bbron concentration at 600°C in oxygen
and steam at 10 atmospheres pressure also known as High Pressure
Oxidation (HIPOX). Curve 43 shows the oxidation rate of silicon as
a function of boron concentration at 700°C ih oxygen and steam at
10 atmospheres pressure. HIPOX may occur at pressures in the range
from 1 to 20 atmospheres and typically at 12 atmospheres in an
OXygen containing ambient. The presence of both Ge and B provide
a2 cumulative increase in the oxidation raﬁe. Thus three
dimensional profiles of Ge€ composition in SiGe in layer 16 and
three dimensional profiles of boron concentration in a layers 14,
16 and 20 can provide a predetermined profile as a function of time
of the peripheral surface or leading edges 35 and 36 of oxides 33
and 34 respectively. Arrows 37 and 38 show the respective lengths
1, and 1, of oxides 33 and 34 extending underneath mask shapé 29.
Layer 20' is also oxidized with respect to mask shape 29 but
extends much 1less underneath mask shape 29 due to the lower
oxidation rate. With the oxidation of Si and SiGe layers, the
thickness of the resulting oxidized material incréasgs as shown

(not to scale) in fig. 3.

By continuing the step of oxidation at one or more

temperatures as a function of time, the lengths 1, and 1, which are



BC9- 91- 026 4 transferring control of said |ocal
processor bus fromsaid mcroprocessor to said alternate processor. I n

t he draw ngs: - Figure 1 is a perspective view of a personal conputer
enbodying this invention; Figure 2 is an expl oded perspective view of
certain elenments of the personal conpu[gg of Figure 1 including a chassis,
a cover, and a planar board and illustrating certain relationships anong
those elenents; Figure 3 is a schematic view of certain conponents of the
personal_conputer of Figures 1 and 2; Figure 4 is schematic representation
of cert &5 P8 cEPM SQNSERE taspRP Bl it 3Pr B 9SO IR kANY oft hevessials

system cand 1A Lizty a0 AL ALELIALE SRLEL 0! T b ST SR B PRI P Y
arrow 39 may likewise by determined or controlled. The spacing d
allows ohmic contact to layer 16' and substrate 14 to control the
voltage on the body of a field effect transistor formed in laver
20' and thus prevent the floating bodyu effect due to accumulated
charge. Typically, spacing d would be less than the gate length of
a FET. Oxides 33 and 34 may join together for the case where

spacing 4 is zero in which case layer 20' would be isolated

electrically from substate 14.

Fig. 5 is a Transmission Electron Microscope (TEM) of a
fabricated sample of the embodiment of Fig.. 3. Fig. 5 shows a
substantial correspondence to the view in Fig. 3. In Fig. 5, 1,
and 1, are about 0.17um. The spacing d is about 0.15pm. Mask
shape 29 has a width of 0.5um. In Fig. 5, like reference numerals
are used for the apparatus in Fig. 3 and incorporate the same

materials as described with respect to Fig. 3.

Fig. 6 is a cross section view of a FET's 52 and 53. In Fig. '
6, like reference numerals are used for the same structural
elements as shown in Fig. 3. Mask shape 29 (not shown) which may
be silicon nitride is removed. A gate dielectric 56 such as
silicon dioxide may be formed above layer 20'for transistors 52 and
53, respectively. A polysilicon layer may be formed over gate

dielectric 56 and patterned to form gate electrode 57 for



Figures 5 and 6 are signal charts illustrating operation of the personal
conputer of Figures 3 and 4 when an alternate systemcontroller is present
and when an alternate systemcontroller is absent. Det ai | ed Description
of Invention \Wile the present invention will be described nore fully
hereinafter with reference to the accongﬂnying drawi ngs, in which a

preferred enbodi nent of the present invention is shown, it is to be
understood at the outset of the description which follows that persons of
skill in the appropriate arts may nodify the invention here described while
still achkeavibgotrbesbawe@aldys resdddcti®eithi sushngnigher. eAecerdiasgky, the
description which follows is to be understood as being a broad, teaching
di scl osEPETERr eEqE Pt 0 6ferzwhs dopinkiTdaion tde mppr dpe i doemadt LY aAadnnot as
limting upon the present i.nvention. ., Referring now nor artigularly to
the accJTBURIERGOh RDGRMIE APEFSLHIRERCE PGP RES (eiiisnbENt | on
I's ther %h%hgﬁ?ﬁﬁ%ﬂ% Ysl ¥xli AL C edaabn 30 Fi QUEEL) 51 g 1ERpLRAR
her ei nabove, The
may be formed on the sidewalls of gate electrode 57 ({not shown)
prior to forming self aligned ohmic contact implants. With ohmic
contacts extending to the surface of oxides 32, 33 and 34,
parasitic junction capacitances with layer 16' are reduced because
of the three times lower dielectric constant of oxide compared to
Si, in addition to the absence of a p-n junction. For a channel
width of .13um, the parasitic junction capacitance of source 60 and
drain 61 may be less than 0.02 fF/pm?. By positioning oxjide 32, 33
and 34 underneath source 60 and drain 61, short channel effects are
reduced by preventing a depletion region from'extendiné into the
channel as the drain bias voltage is increased. FET 52 may be n-
type and FET 53 may be p-type to form CMOS circuits. Each FET
source and drain may be doped with the appropriate dopant by
masking off the other FET reserved for the opposite dopant during
ion implantation. A CMOS circuit is well know in the art where the -
drain of one FET is couple to the source of the other via lead 66
to form an output. The gate electrodes are coupled together via

lead 67 to form an input. Ground and a power supply voltage are

coupled to the remaining source and drain of respective FET's via

leads 68 and 69.

Fig. 7 is a cross section view of a layered structure 70



BC9- 91- 026 5 conputer 10 may have an associ at ed
nonitor 11, keyboard 12 and printer or plotter 14. The conputer 10 has a
cover 15 which cooperates with a chassis 19 in defining an encl osed,
shi el ded volune for receiving electrically powered data processing and

st orage conponents for 11— :

similar to the structure shown in Fig 3 but with oxide 33 and 34
removed. Oxide 33 and 34 may be removed by etching such as by

etching with buffered HF.

Subsequent to removal of oxide 33 and 34, exposed-layers 14,
16' and 20' may be exposed to an oxidation ambient to resume
oxidation of layer 16*' and to a lesser extent layers 14 and 20°¢
depending. upon the oxidation rate. Oxide 33 and 34 may act to
block or slow down oxidation of layer 16'. Thus removal of oxide

33 and 34, speeds up oxidation of layer 16'.

Fig. 8 is a cross section view of layered structure 74 after
substrate 14 and layers 16' and 20' are further oxidized as shown

by oxide regions 77 and 78.

The steps of oxide removal and oxidation of the layered
structure in an oxidizing ambient may be repeated a number of
times. After the desired structure has been formed, a dielectric
such as silicon oxide, may be used to fill in the voids formed by
oxide removal. Chemical mechanical processes may be used to form
a planar upper surface for further processing to form useful

semiconductor devices.

In Figs. 7 and 8, like references are used for structures

corresponding to the apparatus of Fig. 3.



processing and storing digital data, as shown in Figure 2. At |east certain
of these conponents are nounted on a nultilayer planar 20 or not herboard
which is nounted on the chassis 19 and provides a neans for electrically

i nt erconnecting the conponents of the conputer 10 including those
identified above and such ot her associq_gg el ements as floppy disk drives,
various forns of direct access storage devices, accessory cards or boards,
and the like. The chassis 19 has a base and a rear panel (Figure 2) and
defines at | east one open bay for receiving a data storage device such as a
di sk drive for magnetic or optical disks, a tape backup drive, or the liKke.
In the illustrated form an upper bay 22 is adapted to receive peripheral
drives of a fWyidee $hege(baghbasn t ¢y lbsewAndsi BL5 G4ateddRi ves). A fl oppy
di sk drive, a rﬁnnvgble.ne ia.direct.access_storage dgvife c%pgble qL

recei vi if W SRS EOTRYA Po 150 PET At oregﬁanﬁsk?%boqi Re™ a7 tR: (T et 5 PeLRi ve,
store and-daliy derfidbfcisch? SEPEF Ak @ MinadR s e Y @Y dedaksa e ipper
bay 22. rior to relating the above structure to the present invention, a
summary eimidedneicat itenths gebetrdtofariche PET somalctinrputieh sylshberd® may
merit review Referring to Figure 3, there is shown a bl ock diagramof a
per sonal Ckamrit drengrdsefirk| fevicatanty aireuitr apRisi qadiemise fUShof s t B¥OS,

MODFET's, DRAM's, SRAM's, rf, BiCMOS and mixed DRAM and CMOS, it
will be apparent to'those skilled in the art that modifications and
variations are possible without deviating from the broad scope of
the invention which shall be limited solely by the scope of the

claims appended hereto.



conput er system such as the system 10 in accordance with the present
I'nvention, including conponents nounted on the planar 20 and the connecti on
of the planar to the 1/0O slots and other hardware of -the personal conputer

system Connected to the planar is the systenlprocess n
appropriate mcroprocessor can be used & 3 the CPU 32 l’ﬂﬂm
m croprocessor is the 80386 which is sol by | NTEL. The ected

by a high speed CPU | ocal bus 34 to a bus interface control unlt 35
vol atil e random.access nenory (RAM %gAggge shown as Single Inline annry
Modul es (SIMVs) and to BIOS ROM 38 i -~

Having thus described our invention, what we claim as new and
desire to secure by Letters Patent is:
1. A method for forming buried oxide regions below a region

of a single crystal semiconductor layer compriéing the steps of:
selecting a single crystal silicon substrate,

forming a first epitaxial layer selected from the group
consisting of si, . Ge, and (Si..,Ge,).C;., on the upper surface of said

substrate, said first layer having a first rate of oxidation,

forming a secondiepitaxial layer containing silicon .on said
first layer, said second layer having a second rate of oxidation

less than said first rate of oxidation,
forming a mask over said second layer,
patterning sa_'id mask to form cpenings in said mask, and

oxidizing through said mask cpenings said second layer and
said first layer whereby an oxide region forms in said first and
second layers with portions of said oxide region replacing portions

of said first layer underneath saié second layer.
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BC9- 91- 026 6 which is stored instructions for
basi c i nput/output operations to the CPU 32. The--BI-CSROM 38 i ml udes the

BIOS that is used to interface between the 1/0 “' perating
system of the m croprocessor 32. Instructions s m\ , an be
copied into RAM 36 to decrease the execytion time of BFOS! Wil e the
present invention is described hereinafter with particular reference to the
system bl ock diagramof Figure 3, it is to be understood at the outset of

the description which follows that it _is contenplated that the apparatus
and net hods #n acddt AP Ph CRBIPr dsenfr P ertidnShe) BE @¥XddiRinE ot her

har dwar %oﬁ?%{x%&”%i ons. tt&e AFSJ NaL ; ROAl E%ig&%ﬁa’séﬁe&)ﬁt@% .
processor coul d be an ITtel 80 i CF Opr OCESSOF . et urning now to Figure
3, the 6PUsho€adxiits redibao8RE &S84y GabRedetermined distance underneath

said second layer.

3. The method of claim 2 further including_the step of
positioning apart two mask openings to provide two respective
portions of said oxide regions underneath said second layer spaced

apart by a predetermine distance.

4. The method of claim 1 wherein one of said openings extends

alon_g a path to form a mask shape.

5. The method of claim 4 wherein said mask shape is selected

from the group consisting of a rectangle, square, and circle.

6. The method of claim 1 wherein said openings form a
plurality of rectangles out of szid mask corresponding to the

dimensions of active MOS devices, respectively.

7. The method of claim 6 wherein said plhrality of rectangles

out of said mask are lum by lum or'less.

8. The method of claim 6 wherein said step of oxidizing
continues for a time to leave a liriced area in the center of said

rectangle where said first epitaxiz. layer has not been oxidized.
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address and control conmponents) al so provides for the connection of the
m croprocessor 32-with a nuneric or math coprocessor -39-and a-Snal

Comput er Systens Interface (SCSI) controller 40. | er 40
may, as is known to persons skilled in the arts «l)@j‘mm“ﬂmusu n and
operation, be connected or connectabl e Wih Read y Menory s(R&) 41, RAM
42, and suitable external devices of a variety of types as facilitated by
the I/0O connection indicated to the right in the Figure. The SCSI
controller 40 functions as_a storage controller in controlling storage

nmemory devi c®s sutle aBeERR@dosr ey bl & ndira M1EdidiavagHes | etspodge
devi ces K as_hard and _flo di sk .drives | ectro-opti.cal, tape
fgﬂé‘?&? Q8M‘Pdce it éjraLPhé:eHﬁgg%/n%n rbfaalces(e,cd‘ﬁ%’?o T (tﬁ 6% “cbupl es

and ot her of age devi ces. e

the CPUchggabl bushsdepdtidbedn hb&BUSs#hh andnftdrct i:9Rs asra U 0Flrse
translator, nmenory controller and DVA controll er anong other functions. By

means oépihaxbal NMalyer heo BVOiS5 the €bdoatiad Wotlk affeptiohad HeTat ure bus
such as a M CRO CHANNEL bus having a plurality of 1/O slots for receiving
M CRO CHANNEL adapter cards 45 which nay be further connected to an I/O

Vi r r . .The 1, 44 i ngl ] r , , an
ggnt :’:gl O'COZS é%t .%t n?e*{%‘é’ﬁ) of ce_l.az./mOQl:)u urther gngggalggdtﬁgsstggtsaofa d

forming a gate dielectric and a gate electrode over said channel to

form a FET.

11. The method of claim 8 further including the step of
forming ohmic contact ion implantation in said source and drain
regions over said oxide regions whereby the parasitic junction

- capacitances are reduced.

12. The method of claim 1 wherein said oxidizing step
includes wet thermal oxidation at & temperature in the range from

700°C to 800°C.

13. The method of claim 1 wherein said oxidizing step
includes high pi‘essure oxidation (EIPOX) at a temperature in the

range from 650°C to 800°C.

14. The method of claim 1 Zurther including the step of

removing a portion of said oxide formed by said step of oxidizing.

15. The method of -claim 14 further including the step of
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BC9- 91- 026 The 1/.0.bus 44 may be configured to
bus specifications other than the M CRO CHANN fication. " coupled
along the 1/0O bus 44 are a variety of 1/0 cogﬁﬂm ﬂmﬁ”ﬂ! Vi deo si gnal
processor 46 which is associated with video

-16-

removing substantially all of said oxide formed by said step of

oxidizing.

16. The method of claim 14 further including the step of

continuing said step of oxidizing after said step of removing.

17. The method of claim 16 further including the step of
repeating said steps of removing and oxidizing a plurality of

times.

18. The method of claim 1 wherein said step of forming a mask

includes the step of forming a layer of silicon nitride.

19. The method of claim 1 wherein said step of forming said
first epitaxial 1layer includes forming a layer of graded

composition.

20. The method of claim 19 wherein said step of forming said
first epitaxial layer includes forming a layer having a upper
surface with lattice parameters larger than the lattice parameters
of said second layer to provide tensile strain in said second

layer.

21. The method of claim 1 wherein said step of forming said
first epitaxial layer includes the step of growing said first

epitaxial layer until it relaxes to a lattice constant that 1is

This Sheet 1.
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stori ng character based information (indicated at 4.8) and for. stori ng
‘graphic or image based information (indicated at

€0 S
exchanged with the processor 46 may be passed throughclﬁndw ;ii ,UH'I;MHL
Converter (DAC) 50 to a nonitor or other display devi | so
made for connecting the VSP 46 directly-with what is here referred to as a
nat ural inmage input/output, which my take the formof a video

recorder/player, camera, etc. The I/O bus 44 is also coupled with a Digital

Si gnal Process?l (DSP)_ 51 which has associated instruction RAM 52: and data
RAM 54 RFE97abRant b8t e GF GrRséaphs Pt u%atlrdoﬁgc?’aﬁi %Fi’fetaﬁ‘rlé‘cleéék’ﬁﬁ P

51 gnal ¥ d-RaDGRe A", 8" B LINPINET 023 UEN B 0GRS5 eRGn ANG: PR, 51

provi des for processin |o I'np s Ahd € provisi okﬁ of an

audi 0 aefddroldetls 198, saﬂsjuﬁoroh@awélrrrgﬁpfelebh%n sargmioiebmoamyteé@n of an
anal og interface controller 56. Lastly, the I/O bus 44 is coupled with a

i nput/out put controller 58 with associated El ectrical Erasable Programmabl e
Read Only Mem)ry EEPROV). 59 by which inputs and out puts are exchanged wth
convent i onal®%per i raﬁ‘%ﬂ?‘?ﬁ:l gdi rfblafllnbpbywaﬁﬁl’élrrsﬁé@ Highizingr skewl ot t er

cor i ar areroEagBrrR g od obn R PiSe S SRk Pttt T e

functi %éyﬁ\ﬁIeQed for t he personal conputer 10, it is appropri ate to first
consi der the support by a personal conputer of what have been known as

23. The method of claim 1 further including the step of
doping regions of said first layer with boron to promote the rate

of oxidation.

24. The method of claim 1 wherein said first laver is graded

in composition of Ge to promote the rate of oxidation.

25. A structure for forming an electronic device therein
comprising:

a single crystal silicon substrate,

a first epitaxial layer selected from the group consisting of

Si,.,Ge, and (Si;...Ge.),C,.. on the upper surface of said
substrate,

a second single crystal layer containing silicon on said first
layer, and

first and second oxide regions spaced apart, each said first
and second oxide regions extending in said first region below said

second laver.
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nulfiple masters or bus nasters. As here used, a f ocessor
or any circuit designed to gain control over a bus i’ !Hﬂ EIE dat a
and control signals on the bus. Having such capabil s ter

device to transfer information between system nenory and ot her *devi ces.
BC9- 91- 026 8 _is-

26. The structure of claim 25 wherein said first and second
oxide regions are formed in said first epitaxial layer and said

second single crystal layer.

27. The structure of claim 25 wherein said first-and second
oxide regions are spaced apart in said first layer in the range

from 0.01 to 0.5pm.

28. The structure of claim 25 wherein said first and second

oxide regions enclose a portion of said first layer.

29. The structure of claim 28 wherein said enclosed portion
. 0f said first layer forms at its upper surface a shape selected

from the group consisting of a rectangle, square, and circle.

30. The structure of claim 29 further including a plurality
of enclosed portlons of said first layer, each enclosed portlons of

said flrst layer less than lpm by lpm.

31. The structure of claim 28 wherein said second layer
between said first and second oxide regions is underneath and in

contact with said enclosed portion of said first layer.

32. The structure of claim 25 wherein said first epitaxial

layer includes a layer of graded corcosition of Ge.
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It has been proposed that nmasters be divided anong three ystem
master (usually the CPU), DMA controller, and bus rm uﬂ m BH!HHELm mast er

control s and manages t he systentconfiguratron. aul t
master in the system The default master owns the bus when no other naster
requires it. A DVA master is a special _type of master which transfers data
bet ween DMA sl aves and nenory. sl aves, and does not arbitrate for the bus
but services the DVA slave that is the arbitrator. As here used, a bus

master arbitrates for use of the bus .and_supporis information transfers
W an 110 SFavert FERSie de.Clriings HARESS TN o ipt R oASCar can

be conf ygi,8g. lﬁghgﬂﬁzgﬁﬁ% ' gofQngot necessarily require a processor. Al so,

a bus master on‘to respond as a slave when accessed by

anot her bus master. A bus nmaster .is distinguished by the capability of

gai ning control of the bus through arbitration and controlling the
execution of34. defhredthustuyel ©f @lgdmal2by whenheir araédt Isreeentiygésgdfe bus
masters: full_functiaqgn, gecral function caontrollers, rogr anmmabl e

speci al mﬁf:"t”r ORYEIEFoPRERE. SHHRLR (Hia BNt 1&|tFF8?eWE:6%‘“ fh&Rear e
degrees,, B%F §§#§gé%fa@ aﬁge%rggFﬁ 9¥&P§t' The full function bus master is

t he nost e nos ron, and costs nost. Typically, a ful

35. The structure of claim 25 wherein said first and second

oxide regions extend through said first layer into said substrate.

36. The structure of claim 25 further including spaced apart
sourc and drain regions in said first layer extending down to the
upper surface of said first and second oxide regions, respectively

i

to define a channel in said first layer.

37. fThe structure of claim 36 further including a dielectric
above said channel and a gate electrode on said dielectric to form

a field effect transistor.

38. The structure of claim 27 further including ohmic
contacts to said source and drain extending to the upper surface of

said first and second oxide regions.

39. The structure of claim 37 wherein said channel is under

strain.
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function bus master will have its own programmable CPU and be capabl e_of
controlling all systemresources, including operating-system softwar

Speci al function controllers have the least flexibilig I“mm‘\a cost .
Typically, a special function controller will use | og\m\“ I sho CPU
to performa specific function while reguiring little or fo ‘assi stance from

ot her masters. Programmabl e special function controllers span the range
bet ween the other two. The fundanental difference between special function

and programmpgp| e 'ﬁp@gtﬁlucftw}%t b@ncﬁggﬁlrﬂ lm%;e%teiﬁgl %Qled a?éi%oé&/ légfgm)giafsy the

function and/ or execution characteristics o us nas

modi fi cat ggadedncbepastoign i shedet b ought Use raBhoeesshiRe BRARhSePr sLhr ough
settabl e registers. Wthin the definitions here given, the CPU 32 and
SCSI cofitt8l f&Fsuolamgrf unction as masters directly coupled to or on the

| ocal bus 34, while ' '

41. The structure of claim 37 wherein said first layer is

relaxed.

42. The structure of claim 37 wherein said first layer is

commensurate with said first layer.

43. The structure of claim 37 further including a plurality

of said field effect transistors of n and p type respectively.

44 . The structure of claim 43’ further including
interconnection wiring to form complementary metal oxide

semiconductor (CMOS) circuits.
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BC9- 91- 026 9 the 1/O controller 58, DSP 51, VSP
46 and possi bly accessory boards 45 nmounted in the M CRO CHANNEL sl ots may
all function as nasters directly coupled to or on the input/output bus 44.
In accordance with the present invention, the possibility is opened of
having an alternate systemcontroller d%iectly coupled to or on the | ocal
processor bus and effective to isolate e normal system processor (the CPU
32) when present. A personal computer in accordance with this invention has
a connector coupled directly to the |l ocal processor bus 34 for

accommodat i ng .rec | ternate processor. Furthe t he bus
BT £ S5 TR RIES S SR R IR SR usING 1 8%AL SR EMAvE
OXIDATION

ABSTRACT

A method of forming buried oxide regions below a single crystal semiconductor
layei' (14) incorporating the steps of forming epitaxial layers (16) having different rates
of oxidation with the lower layer (14) having a faster rate of oxidation and oxidizing the
layers through an opening in a mask (24). A plurality of oxide isolated FET's maybe be
formed. The invention reduces the problem of source/drain parasitic capacitance and
short channel effects while isolating FET's and eliminating floating body effects of an
FET by selectively oxidizing semiconductor layers.

Fig 3
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interface controller 35 described herei nabove provides for detection of the
presence of an alternate processor received in the connector and, in
response to detection of the presence of an alternate processor, for
transferring control of the |local processor bus fromthe m croprocessor to
an alternate processor nounted in the connector. In a preferred form of

t he present invention, advantage is taken of the packaging of a nuneric

co- processor such as the nmath co-processor 39 in a plastic |eaded chip
carrier. It has beconme conventional to provide a connector for such a
device in the formof @ socket which uses the two outer rows of an 11x11
pin grid array type footprint. The presence of the MCPU 39 in Figure 3
woul d normal |y be acconodat gd t hrough use of such a socket connector and
possi bly an internedi at e adapt er connector. A typlcal nuneri c co- processor
uses less than all of the one , i i

in such a socket, typﬂpﬁlly u5|ng SIXty\an t. t hose connecti ons
normal Iy include the I? -6 b a—SH and several control
signals. Thus by brlng g aodltlonal S|gng|s |nto the cofjnector pin

| ocati ons and packagl Oal’t drne emcontrollers to use all active pin
| ocations in such a cofmectfor aII S|gnals necessary to A npl enentati on of
this invention as descri bed hereinaftes,qugge avai | abl/e.

16~

157
Si
14 = Substrate

Fig. 1
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In particular, and referring now to Figure 4, the present invention
provi des that |ocal processor bus 34 signals be available to both the CPU

32 and to an alternate systemcontroller 60, if nmounted in the
BC9- 91- 026 10




socket connector described above. Both the normal systemcontroller 32

and the alternate systemcontroller 60 are coupled to and with the bus
interface controller 35, which perfornms anong ot her functions the function
of providing |ogic support for power on and reset functions. For additional
information, the interested reader is directed to related co-pending United
States Applications Ser. No.s * and *3%jled * and owned in comon with
this invention. To any extent necessary or appropriate to a ful
understanding of this invention, those co-pending applications are hereby

i ncorporated by reference into the present description. After the
application of power to the personal conputer 10, the power supply drives
all direct current power |evels active for a predeterm ned m ni muminterval
of time before supplying a PONER GOOD signal to the power on support |ogic.
When the logic finds PONER GOOD active, the BIC 35 drives reset signals to
| ocal bus devices, the CPU 32, and the alternate systen1contro||®r
(hereafter sonetines "ASC') and a HOLD signal to the @PU 32 gpvrws Thet
interested reader is referred to Intel mcrop cessor|spe i fications fok

nore informati arding reset signals, if de iSana|S ar§3
typically |l evel sensi synchronous signal s, and \ 0 rement s fuu
setup and hold tines A —
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whi ch nust be nmet in order to assure proper operation of the CPU 32, ASC 60
and the |ike. After a predetermned tine interval allow ng for assured
recognition of the signals by the CPU 32 and ASC 60 and for resetting of
the CPU 32 to a known state, the BIC 35 sanples an alternate system
controller hold acknow edge signal (hereafter, and in Figure 4,

"ASC-HLDA"). |If ASC HLDA is sanpled |ow{the event of Figure 5), then an
alternate systemcontroller is recognized as being present in the system
and causes the BIC 35.t0 drive CPU RESET low. The CPU 32 will finish its
internal initialization and drive a central processor unit hold acknow edge
signal (hereafter, and in Figure 4, "CPU HLDA") high. Wen CPU HLDA is
sanpl ed hi gh, reset signals including ASC RESET are driven

- Si Supstrate

Fig. 5



BC9-91- 026 11 i nactive, and the CPU 32 is barred
fromcontrol of the |ocal processor bus 34 while the ASC 60 gai ns such
control . In a different sequence of events, shown in Figure 6, the BIC 35
recogni zes the absence of an ASC 60 when ASCHLDA is sanpled high, and al
reset signals and CPU_HOLD are thereafter driven inactive. After the
system processor conpletes initializat?®n, it takes control of the |ocal
processor bus 34 and the system The BIC 35 will drive ASC HLDA with

what ever signal is received from CPU HLDA, allow ng either signal to be
used by any system | ogic which need to nonitor the state of such a HLDA

si gnal .
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The present invention contenplates that the alternate systemcontroller may
take one of several forns. In particular, the ASC 60 nay be an in circuit
enul at or used for testing and eval uation of the conputer system 10 and of
software operating on the system Alternatively, the ASC 60 nay be a cache
processor subsystemallow ng for cache handling of data and performance
conpari sons w thout change in the CPU 32.: Further, the ASC 60 nmay be an
upgr aded processor enhancing the performance of the system 10. In any such
i nstance, the present invention enables such an ASC, when present, to cause
the CPU 32 to be reset, initialized, and then isolated fromthe | ocal
processor bus 34 while the ASC gains control over the system

12 CLAI V5
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1. A personal conmputer system conpri sing: a high speed | ocal

.processor data bus; an i nput/out put data bus; a m croprocessor
coupled directly to said | ocal processor bus; a connector coupl ed
directly to said |local processor bus for'%cconnndating reception of an
alternate processor; and a bus interface controll.er coupled directly

to said | ocal processor bus and directly to said input/output data bus for
provi di ng comruni cati ons bet we id local.processor.. bus ,and i d .
"nput / out pu i ey and Sonseaerat, i prire Sevisk: HeR Tstiding SR PiRg ot ebmi,
al ternate pregiassahd tRanREESRNFET N The ibirie® Biide o9ér ANéhtirt Waf@SBANSEn tie well
detection of the presence of an alternate processor, transferring control

of said | ocknown leatingbodysproblem, singe thefemicopdusiaabstrats isHoating with respect

PrOCeSSOr. 44 the channel. This problem has adverse affects on threshold voltage control and circuit
operation. The other problem with the above solutions is that they are far more expensive
than regular bulk silicon substrates. In addition, there is no simple way of geiting strained

silicon on insulator, which would have higher electron and hole transport properties.
Summary of the Invention

In accordance with the present invention, a method for forming buried oxide

regions below a region of a single crystal semiconductor layer is described comprising the

" steps of selecting a single crystal silicon substrate, forming a first epitaxial layer of
constant or graded SiGe on the upper surface of the substrate having a first rate of
oxidation. This layer can be either strained or relaxed SiGe or lattice matched SiGeC.
Then forming a second epitaxial layer containing silicon on the first epitaxial layer having
a second rate of oxidation less than the first rate of oxidation, forming a mask over the
second epitaxial layer, patterning the mask to form openings in the mask, and oxidizing
through the mask openings the secbnd epitaxial layer and the first epitaxial layer whereby
an oxide regions form having portions replacing portions or all of the first epitaxial layer

underneath the second epitaxial layer.

The invention further provides forming FET’s with its channel in the second

layer above remaining portions of the first layer.
Brief Description of the Drawing
These and other features, objects, and advantages of the present invention will
become apparent upon consideration of the following detailed description of the invention

when read in conjunction with the drawing in which:

Figs. 1 and 2 are cross section views of a layere

in practising the invention.



2. A personal conputer systemaccording to claim1 further conprising an
alternate systemcontroller nounted in said connector. 3. A personal
conput er system according to claim2 wherein said alternate system
controller is anin circuit enulator. 4:3- A personal conputer system
according to claim2 wherein said alternate system controller is a cache
processor. 5. A personal conputer system according to claim2 wherein
said alternate system controller is a high performnce m croprocessor. 6.
A personal conputer system conpri sing: a high speed data bus;

an input/output d3a 39%;cross secﬁoﬁvﬁ@xﬁﬁl@ﬁgﬁﬁqm-@89Pig‘?9ah€rﬁ1€'o§iid&ti&'ﬂst%ﬁe‘3d

data bus; . ] . i
" illustrating one embodiment of the invention.

Fig. 4 is a graph of the oxidation rate of silicon versus boron concentration at

various temperatures and ambients,

Fig. 5 is a TEM of a fabricated sample of the embodiment shown in Fig. 3; and




vol atile nmenory coupled to said high speed data bus for volatile storage of

.dat a;
connect or
receptio
coupl ed t{o
regul ati
i nterfac

e—erBry--devi ces for nonvolatile storage of data,;

‘P‘EHMW'BW ‘5‘3"75537 o said high speed data bus for--accomodati ng

(0]

conmiuni cationg wWith said storage nmenory de esg amd® S

-C
i nput/outjput data bus for providing co

ntrotter—cougl gd to said hmw data bus and to said

dat a bus

Having thus described our invention, what we claim as new and desire to secure

by Letters Patent is:

L. A method for forming buried oxide regions below a region of a single

crystal semiconductor layer comprising the steps of:
selecting a single crystal silicon substrate,

forming a first epitaxial layer selected from the group consisting of Si; - xGey and
(Siq - xGex)eCi - 2 on the upper surface of said substrate, said first epitaxial layer having a

. first rate of oxidation,

forming a second epitaxial layer containing silicon on said first epitaxial layer,
said second epitaxial layer having a second rate of oxidation less than said first rate of

oxidation,

forming a mask over said second epitaxial layer,

patterning said mask to form mask openings in said mask, and

oxidizing through said mask openings said second epitaxial layer and said first
epitaxial layer whereby an oxide regions form in said first and second epitaxial layers
with portions of said oxide regions replacing portions of said first epitaxial layer

underneath said second epitaxial layer.

2. The method of claim 1 wherein said step of oxidizing continues for a

~ time to form said oxide region with said portions of said oxide region extending a

distance underneath said second layer.

3. The method of claim 2 further including the step of positioning apart
two mask openings to provide two respective portions of said oxide regions underneath

said second epitaxial layer spaced apart by a distance.

ti ons between said high speed

a

amat-terrat ocessor -13 -
éawd: mgh s8pedd data bus and to said storaa “ﬁmmmﬂ\um for
v



and sai d i nputy-eutput— sai d bus interface controller detecting
whet her an aI*tEEHbMéEMJEN)'K:SﬁEQT is present in said connector and, in

response to ddte Tpriesence of an al ternat e” Iﬂ Iu)wuuu.l
rols (Ef{"t?%‘iﬂ ljogal proceéé(}r bus from wogo U oSO

transferring g
atle processbt 7. A personal conputer system according to

to said altern
claim6 furthgr Tomprisrmg—aallternate systemcontroller nounted in said
connector. 8. A personal conguter system according to claim?7 wherein
said alternate systenr—Tomtrot+€r is an in circuit enulator. 9. A
personal conput er 4syst eThé@esstlicl 60 claiimCl ahreln \WACr ¢l $rid madk dpepingategtehdst em
controller is a cache tprocessor. 10. A personal conputer system according
to claim 7 @ivegaipathsigiferm pmask ghapesystem controller is a high perfornmance
m cr opr ocessor. '

5. The method of claim 4 wherein said mask shape is selected from the

group consisting of a rectangle, square, and circle.

6. The method of claim 1 wherein said mask openings form a plurality of
rectangles out of said mask corresponding to the dimensions of active MOS devices,

respectively.

7. The method of claim 6 wherein said plurality of rectangles out of said

mask are 1um by 1um or less.

8. The method of claim 6 wherein said step of oxidizing continues for a
time to leave a limited area in the center of each of said plurality of rectangles where said

first epitaxial layer has not been oxidized.

9. The method of claim 8 further including the step of forming source and
drain regions in said second epitaxial layer to define a channel therebetween above said

limited area of said first épitaxial layer to avoid the floating body effect of a FET.

10. The method of claim 9.further including the steps of forming a gate
dielectric and a gate electrode over said channel to form said FET.

11. The method of claim 8 further including the step of forming ohmic
contact ion implantation in said source and drain regions over said oxide regions whereby

the parasitic junction capacitances are reduced.

12. The method of claim 1 wherein said oxidizing step includes wet thermal
oxidation at a temperature in the range from 700°C to 800°C.

13. The method of claim 1 wherein said oxidizing step includes high
pressure oxidation (HIPOX) at a temperature in the range from 650°C to 800°C.



11. A personal gens eTeONPri Si ng: a high speed data bus

a m croprocessor RE ‘ SHEETy to said high speed data bus;
connect or coupliedfdrrectty—to—ai{d hi gh ﬁgeed dat a bm

reception of an a tgrmé,}@ pPRPCESSPT ; vol atile u"mnmﬂm} ectly
to said high sp ata bus for} vplatile storage of b storage
menory devi ces [ or—tmonvorartte stprage of data; a storage controller
coupl ed di rectL to said high spepd data bus and to said storage nenory
devices for re at1ng comruni catl ons with said storage nenory devi ces;

an i nput/output dasa bu§‘he method cfreldimpli furthet etudinghthe skdpeot remopingh phirtiont | y

to said input/output rgg%&?fotl)'rlrjl%d by said step of oxidizing.

15. The method of claim 14 further including the step of removing
substantially all of said oxide formed by said step of oxidizing.

16. The method of claim 14 further including the step of continuing said

step of oxidizing after said step of removing.

17. The method of claim 16 further including the step of repeating said
steps of removing and oxidizing a plurality of times.

18. The method of claim 1 wherein said step of forming a mask includes the

step of forming a layer of silicon nitride.

19. The method of claim 1 wherein said step of forming said first epitaxial

layer includes forming a layer of graded composition.

20. The method of claim 19 wherein said step of forming said first epitaxial
layer includes forming a layer having a upper surface with lattice parameters larger than

the lattice parameters of said second layer to provide tensile strain in said second layer.

21. The method of claim 1 wherein said step of forming said first epitaxial
layer includes the step of growing said first epitaxial layer until it relaxes to a laftice
constant that is larger than the lattice constant of said second epitaxial layer to be formed
whereby said second epitaxial layér when formed will be under tensile strain to have high

electron and hole mobilities.

22, The method of claim 1 wherein said oxidizing step continues for a time

to form said oxide regions downward into said substrate.



14 a dilgRta SRl Spro
dat a bus; ia Vi deo signal

ssor coupled directly to said-rnput/output

processor coupl ed di recu' '
a bus interface contr nmmum' M””",sai d
i nput / oltBput data bus for¢ priovindi 19g =
communi cati onjs between said high speed data bus and said input/output data

bus, said bug interface controlll er detecting whether an alternate
processor is present in_.said _connegt.or i.n respopse, to detection of .the
presence of an al ﬁgr nat ﬁﬁr‘%@é@ﬂ%ﬁaa‘ﬂ éa‘rfgn&'é‘?rrlflﬂ{j&’@gr{ﬁ?&ep&f @QW Jegtogg of
processor bugidifiro8pitaAbHafRroFidPbd6R fSpomote o rdte 8F bEHARE Processor.

i nput / out put {ddt a{ gusitlamant
“hi gh speed dgta bus and to_sa

24. The method of claim 1 wherein said first epitaxial layer is graded in

composition of Ge to promote the rate of oxidation.

25. A structure for forming an electronic device therein comprising:
a single crystal silicon ¢ontaining substrate,
a first epitaxial layer selected from the group consisting of Si; _xGey and
(Si¢1 - xGex)aCi-2 on the upper surface of said substrate, '
a second single crystal layer containing silicon on said first epitaxial layer, and
first and second oxide regions spaced apart, each said first epitaxial and second

oxide regions extending in said first epitaxial layer below said second single crystal layer.

26. The structure of claim 25 wherein said first and second oxide regions
are formed in said first epitaxial layer and said second single crystal layer.

27. The structure of claim 25 wherein said first and second oxide regions

are spaced apart in said first epitaxial layer in the range from 0.01 to 0.5um.

28. The structure of claim 25 wherein said first and second oxide regions

enclose a portion of said second single crystal layer.

29. The structure of claim 28 wherein said enclosed portion of said second
single crystal layer forms at its upper surface a shape selected from the group consisting

of a rectangle, square, and circle.

30. The structure of claim 29 further including a plurality of enclosed
portions of said second single crystal layer, each enclosed portions of said first epitaxial

layer less than 1zm by 1um.

31. The structure of claim 28 wherein said first epitaxial layer between said
first and second oxide regions is underneath and in contact with said enclosed portion of

said second single crystal layer.



12. A personal conputer systemaccording to claim 11 further conprising an
alternate systemcontroller nounted in said connector.- 13- A-personal....

conput er system according to claim 12 wherein said alt
controller is an in circuit emulator. *47-A personal 3m’mﬂﬂ!m§ﬂ'muL
according to claim 12 wherein said alternate system contro ] cache
processor. 15. A personal conputer system according to claim 12 wherein

said alternate system controller is a high performance m croprocessor.

32. The structure of claim 25 wherein said first epitaxial layer includes a
layer of graded composition of Ge.

33. The structure of claim 25 wherein said first epitaxial layer includes

boron doping.

34, The structure of claim 25 wherein said second single crystal layer is
~ under strain due to the lattice parameters of the upper surface of said first epitaxial layer.

35. The structure of claim 25 wherein said first and second oxide regions
extend through said first epitaxial layer into said substrate.

36. The structure of claim 25 further including spaced apart source and
drain regions in said second single crystal layer extending down to the upper surface of
said first and second oxide regions, respectively to define a channel in said second single

crystal layer.

37. The structure of claim 36 further including a dielectric above said

channel and a gate electrode on said dielectric to form a field effect transistor.

38. The structure of claim 37 further including ohmic contacts to said

source and drain extending to the upper surface of said first and second oxide regions.
39. The structure of claim 37 wherein said channel is under strain.

40. The structure of claim 37 wherein said first epitaxial layer has a graded

composition of Ge to lattice strain to said channel in said second single crystal layer.
41. The structure of claim 37 wherein said first epitaxial layer is relaxed.

42. The structure of claim 37 wherein said second single crystal layer is

commensurate with said first epitaxial layer.
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BC9-91- 026 15 . PERSONAL. . CCNPUTER WTH

ALTERNATE SYSTEM CONTROLLER
This invention relates to personal corrputers and WHIHMII
personal conputers in which capability |s ovi ded tem

controlling processor to be reset, initialized and then isol ated |f an
alternate systemcontroller is provi ded for the system In accordance wth

this invention, AR So%le structire clmx)r/x%%elwrtﬂer 1n§u5lmg p?l%‘ﬂf g' c!f%C‘?l field effect

transistors of n and p type respectively.

44, The structure of claim 43 further including interconnection wiring to

form complementary metal oxide semiconductor (CMOS) circuits.




processor data bus; an input/output data bus; a microprocessor coupl ed
.directly to the | ocal processor bus; a connector coupled directly to the

"l ocal processor bus for accommodati ng reception of an alternate processor;
and a bus interface controller coupled directly to the | ocal processor bus
and directly to the input/output data bus for providing conmuni cati'ons

bet ween the | ocal processor bus and the,input/output data bus, wth the bus
interface controller providing for deté&?ion of the presence of an
alternate processor received in the connector and, in response to detection
of the presence of an alternate processor, transferring control of the .
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ABSTRACT

A method of forming buried oxide regions below a single crystal semiconductor
layer (14) incorborating the steps of forming epitaxial layers (16) having different rates
of oxidation with the lower layer (14) having a faster rate of oxidation and oxidizing the
layers through an opening in a mask (24). A plurality of oxide isolated FET's maybe be
formed. The invention reduces the problem of source/drain parasitic capacitance and
short channel effects while isolating FET's and eliminating floating body effects of an
FET by selectlvely oxidizing semiconductor layers.

Fig 3
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