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comprises so-called PN junctions that are formed by an interface of highly doped drain and source regions with

an inversely or weakly doped channel region disposed between the drain region and the source region,

The conductivity of the channel region, i.e., the drive current capability of the conductive channel, is
controlled by a gate electrode formed above the channel region and separated therefrom by a thin insulating
layer. The conduetivity of the channel region, upon formation of a conductive channet, due to the application of
an appropriate control voltage to the gate electrode, depends on the dopant concentration, the mobility of the
majority charge carriers, and, for a given extension of the channel region in the transistor width direction, on the
distance between the source and drain regions, which is also referred to as chamnel length. Hence, in
combination with the capability of rapidly creating a conductive channel below the insulating layer upon
application of the control voltage to the gate electrode, the conduétivily of the channel region substantially
determines the performance of the MOS transistors. Thus, the latter aspect renders the reduction of the channel
length, and associated therewith the reduction of the channel resistivity, a dominant design criterion for

accomplishing an increase in the operating speed of the integrated circuits.

In view of the former aspect, in addition to other advantages, the silicon-on-insulator (SOI) architecture
has been continuously gaining in importance for manufacturing MOS transistors, due to their characteristics of a
reduced parasitic capacitance of the PN junctions, thereby allowing higher switching speeds compared to bulk
transistors. In SO1 transistors, the semiconductor region, in which the drain and source regions as well as the
channel region are provided, also referred to as body, is dielectrically encapsulated, which provides significant

advantages which, however, also gives rise 1o a plurlity of issues. Contrary to the body of bulk devices, which
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Generally, the present invention is directed to a
technique that ains at reducing the required floor

space in advanced integrated circuits having
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embodiments of the present invention,

While the invention is susceptible to various modifications and alternative forms, specific embodiments
thereof have been shown by way of example in the drawings and are herein described in detail. ¥t should be

understood, however, that the description herein of specific embodiments is not intended to limir the invention to
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Generally, the present invention relates to a technique for forming SOI transistors and bulk transistors
commonly in a single substrate, wherein the bulk devices may represent functional circuit blocks of increased
sensitivity to hysteresis effects, i.e., to variations in the threshold voltage of respective fleld effect transisiors
caused by charge carrier accumulation in the transistor body of non-tied SOI transistors, thereby providing
enhanced device stability, without requiring additionat body ties or greatly increased transistor width to provide
increased drive current capability margins. Consequently, in critical circuit blocks, such as CPU cores,
combinatarial logic blocks and the like, the transistors may be provided in an SOI architecture, thereby obtaining
the advantages of an SOI configuration, that is, high switching speed due to reduced parasitic capacitances,
while, on the other hand, in sensitive device areas, such as static RAM areas, cache areas and the like, a
significant reduction of chip area occupied by the circuitry may be achieved compared to conventional overall
advanced SOI devices. For this purpose, respective device regions may be formed on the basis of highly
efficient manufacturing techniques, in which respective buried insulating layers, such as buried oxides and the
like, may be formed with desired characteristics while, additionally, respective bulk regions may be formed,
wherein, in some illustrative embodiments, it may be started by a standard SO! substrate, whereas, in other
illustrative embodiments, advanced implantation or wafer bonding techniques may be used to provide a

respective SOl/bulk substrate.



the particular fornms disclosed, but on the contrary,
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material for the regions 208 may be forned during the

growt h process 207 with an excess hei ght, which may be

subsequently renoved by a sel ective etch process,

thereby al so renoving the residues 208A fromthe

correspondi ng masks 204 in order to provide a highly

uni form renoval process for the masks 204 in a

subsequent process step, as is also, for instance,

described wth reference to the device 100. In other
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tol erated. Moreover, an enhanced flexibility is

achieyed with respect to process paraneters of the

{LiQn process 207 as well as for the sel | on 3

“ﬁggﬁgg%?gpriate growt h mask materi al s, sincgciﬁéﬂﬁwmnﬂb
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porgns 1964 ot the mad2er. QOBAeAL, i08ASH fRM thIRYuiIkAGI WIS respect to sclectivity of

the EitysSdl alvlm.ihlﬁ%c@pfﬂt?,i A in aﬁ-lmtlrhi)fcrm 77 e oﬁt?no e renlr o resj
i r ecgézle%nﬁ?n ttﬁ e‘gr e&?h Sgidues 208A may

be 1 a6t.ed.4s9: to fill the . _

; %g’jbggtcg’gf?ggﬁbf peeafo?{le[ggari;]%dgmcrﬁle?%célflltrg?o’valaroejwfo'f) Prefensg en the basis of a
se c%yet%neomﬁtésls ?rﬁl{p%g\’l {’ Frogtsd grrsmm)iilrﬂrﬁwa?nixbz@rntnhethgtmﬂfrabfg the regions 208
may.tbe wwdalpw t@fgrqwﬁear?cgpyé(ﬁ VA0 Bil\excankiiaBe, Which by 3O§Bsequently removed by a
seledtiiv¢ u&tmtﬂ:_t:ds,\t&reefmﬁ)dhdmmﬁ e rdsiR:s b@%@romammm&emasks 204 in order to
provitid Qﬁiﬁﬁﬁ&ﬂif@alnl r}ém&rerEQJcSE ﬁnl t){c J,a%ﬂs%ﬁ 11::11 a furi)s%muexgtrp])e [ ess eCEslal\s{oe for instance
desc%g i\(:\.'itL raé}é%rncse ;gt%’ e whi ((:) o il 'aCf ag s EW 615 ’ i ,

l' ayer, as el 8&@? S}) 'eS?;S’fhé'ﬁ |l[!]Lét&a_t|ve cmbodlments,ppegm(eralgathe residues 208A
may OE PRERRRFEAPT 4 babit ef St reasess hidersierih ©om dughor: cdBodingers, 200nask 204
may gfmpeipe o shpe I@gﬁ%ﬁetvhiﬂﬂn@fallc.hhelia&b %Eqidﬁﬁﬁo}r@.ﬁﬂdi% QG B3cess, when the
mateS8 WQMﬁgiomcﬁld tl_tehlﬁasg Q¥4 iy FRIRIeR& SreJuRS tes, For instance, in some
emb%&,ng%%& ?Jt!- n(aeglvggn 1%9@8:‘ V\rntictmhz Sl'll"l?St ant | arff}y gl'{anar' ,' i
o Ssu%f a%g oSS bl %UF&% F Oh "R th] P é‘(f rtstancf: h(gnppg:@io on dioxide, while

B ée’r Va,ﬁ\er}azgl 5 Ceppased afsilicomtties & nGe Y iBrI o8 wreepsslybe residues 208A
may &g it erpyed anddirppbeieredOyB aaDriibe eiSciengphofieey] Sihakih thB @moval rate in
the r;]_;ii;)nnazfmmlbu dﬁu&:h @.:egh' MSI}&J:alscjdm%dw&)jn%dzp&gmateria] of tﬁe layer 2048.
Consdddet19,adt Cdubstathih@ e vi n r&oy a ero tne i

9, y Bt 'yq’yﬂ%r mggéé)%g %ﬁ%’rﬁﬁ%ﬁ’f’q Fj/r i Zg)f}A {3y provide a

' lective etc [ ocess, NE]
cas ARl S P BEREL OB b RS i v i oo i sty pse
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respective hybrid configuration may be achieved while
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reference to Figures 3a and 3b, further illustrative
enbodi nents will be described in which respective SO



and to withstand the environnental conditions, such as
hi gh tenperature, during an advanced inpl antation
process 307 for introducing a specified atomc
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|n§ﬁ%§$§a as 3030. The seniconduc?gbuﬁﬁgmwgm°

300 as shown in Figure 3a may be fornmed on the basis

of the follow ng processes. The substrate 301

including the crystalline sem conductor |ayer 303 may

ai ned from substrate manufacturers or may be
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hybriti B AGQIbCRR B6lSdhRVed MAYEH etﬁu@r&ed ;noct:Jg %ex%gu LGk g%l Lo 5énvaiéormamm of the

bulk #EE&E §508t J}}Qn &%YA (Prgm%n Q(? G%npafe ma a%‘ﬂh{l %lé gL% ed

sem conduct or eglon
insul ating layer 3025 and al so a second sem conduct or

r eI 308, o \ikrutsh 37 epr s Brbes ituitertiveegibodiabntsOfill bR @escribed in which
respeS RIS QR LG OBUIK rayRE mB M3 fornldd@R the bddk b8Yandl %Q§(§IOQ QelRes.

be contlnued on the basis of process techniques as are

prpV|oy y sgribed with reference to Figures If and

i 5 s F BS80S 108 coprgisipg g syyarate 301, which

'“C'“‘Fbar%a'“rerfﬂﬁﬁﬂifd'&wr latr83% ey e RSB Brmeghinagk lner € SPOALitAE 301 may
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mask tah@ 304@Gly 64 %8m0 8t any appropriate mallidl lﬂavﬁrngfcﬁaf-a@t@ﬁsﬁcstto aet ds S Bntation mask

4a-4c, further illustrative enbodi nents of e prgsen

invention will be descri bed,; in which wafer bondi ng

techni ques may be used for formng a plurality of 501

regi ons and bul k regions for the fabrication of

respective transistors therein according to other

illustrative enbodi ments of the present invention.

Figure 4a schematically illustrates a substrate 401,

whi ch may conprise a carrier portion 40l A and an upper



substrate, such as a silicon substrate or any other
carrier material having fornmed thereon a crystalline
sem conductor |ayer 403. Mreover, a portion of the
ﬂ} ctor layer 403 is replaced by an ipsulatin 3
ayé?eﬁgg$ whi ch may be conprised of any asﬁﬁﬁng%@%“b
insulating material, such as silicon dioxide, silicon
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final eri
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insulating material, or even prior to the patterning
| anar surface

of rovi de a
J!;Fggf 3IL %Me%a?cap tlhfshaup Ighg rsr%x{/cgpdugfr \ﬂ(é: 38&@5@? refee ot the megk 304 and
rcspef;ih htéeﬂllméTt Sﬁzgc “hﬁf"é? bugipd ingylatinedgyes 3ﬁ§ withi tlpengmd:oa@qclnglayer 303 in the
S0l qc@wso&;me the device 300 confprigels Brsidlystslifraemton@iabd Ygion 3038 formed on the
buriel frsulkgity Bfee 3025 A iﬂﬁms&&m&ﬁ&&\ﬁucQE}éthﬁSO‘gQQucQ QJBRLeﬂl@ %e‘@és!dbal of the
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CLAIMS: |.A nethod, conprising: formng a first
plurality of transistors of an electronic circuit in

an SO region formed on a substrate; formng a

urality of transistors of said elec¢tronic }
“ﬁFﬁﬁﬂgﬁB%n a bqu regi on formed on each subbtPHpRI7/007705

clrcul e
wherein formng said first and second pluralities of
transi stors conpri ses i npl anti ng an
atom c species into a surface |ayer of a donator
substrate to.as eci fied depth, form ng

“PRCT V&R AP i HE D EPEFS Pt ORPr SSUPAETN G 1isr oA terrot Resrystaline
semg@rufugeréaypraiyérhdgﬁovgazi rprtgo pfaliegemisinthgtor Eﬁee‘*(abﬂ’diﬂacﬁ&!y Gh insulating layer
40ZSp@tdhfidag bedtpprhed dbOydpa@risab Ml G@nat.as, SURs ksl nﬁox\ﬂfe,tsnicon nitride and
the $ifd, 65 Y 6L RGScd AYRL rolRusdlr S, %I?%t.o%.akf%reg\%d, a light atomic species 422, such as
hydrogen and/or helium, which may have been implanted by a correspondingly designed implantation process

421, may be formed within the layer 403 at a specified depth.

The semiconductor device 400 as shown in Figure 4a may be formed according to the following
processes. After providing the donator substrate 420 comprising the semiconductor tayer 403, the implantation
process 421 may be performed to position the light atomic species 422 at the appropriate depth on the basis of
well-established implantation techniques. Thereafter, an etch mask {not shown) may be formed above the layer
403 so as to expose a portion of the layer 403 corresponding 1o the insulating layer 402S. Thereafier, a
corresponding etch process may be performed in order to remove material of the layer 403 up to a desired depth,
and subsequently insulating material may be deposited, for instance by appropriate CVD techniques, wherein,
depending on the process parameters, a highly non-conformal deposition process may be obtained. Thereafier,
excess material of the insulating material may be removed, for instance by CMP, so as to finally expose the
rmaterial of the layer 403 adjacent to the insulating layer 4025. In other itlustrative embodiments, appropriate
CMP stop layers may be formed prior to the deposition of the insulating material, or even prior to the patterning
of the layer 403 to provide a highly planar surface topography after the removal of the excess material of the

insulating material for forming the insulating layer 402S.

Figure 4b schematically illustrates the semiconductor device 400 combined with the substrate 401 in a
further advanced manufacturing stage, that is, after bonding the semiconductor device 400 with the layer 403 to
the substrate 401, ie., the layer portion 401B. For this purpese, a temperature, for instance in the range of
approximately 800-1100°C, and a high pressure, as in conventional wafer bond techniques, may be applied in
order to firmly connect the device 400 and the substrate 401. Prior 10, after or during the bond process, the
atomic species 422 may be heat treated to form irregularities or “bubbles” in order to define a cleavage plane in
the layer 403 for removing the rest of the layer 403 in a subsequent cleavage process, for instance based on high
pressure water jets and the like, for which well-established techniques are established in the art. In other
illustrative embodiments, residual material of the layer 403 may be removed by a grinding or polishing or etch
process. In this case, the atomic species 422 introduced o a specific depth may be used for controlling the

respective material remowval processes.

Figure 4c schematically illustrates the device 400 after the completion of the above-described process
sequence. Hence, the device 400 comprises an SO1 region 4508 including a crystalline region 403$ formed on
the buried insulating layer 4025 and also comprises a bulk region 450B with a crystalline region 408. Hence,
effective high speed SOI transistors for respective functional logic blocks, such as CPU cores and the like, may
be formed within the one or more SOI regions 4508, while bulk transistors may be formed in the respective bulk
regions 450B, thereby providing the potential for forming complex memory areas in a space-efficient maaner, as

is also previously described with reference to Figures | f and lg.
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removing excess material of said donator substrate
using said atom c species |ocated at specified depth
to control the renoval of said excess material so as

“I}(gzé,ﬂ?iz%ﬁi n material as said SO regqi ont glnl ?&@%%W‘l"aﬁ?s

ating portion and to use said crys _
as said bulk region. 2. The nethod of claim1,

wherein at | east sone of said second plurality of

transistors are forned so as to define a nmenory cell.

3. The method of claim1, wherein said insulating

portion is formed by formng a recess in said surface

| ay ¢ 2dfet ftie| rasqigingeatiod prezgesssteapits tisnerialis Whedbtbgh@on of bulk transistor
archygttesed, &r instance, for complex SRAM areas in an otherwise SOl circuitry having the benefit of fast
swilching speed, while the butk SRAM area provides significant area savings due to the elimination of hysteresis
cffects in the memory areas. This may be accomplished in some iliustrative embodiments by starting with an
SOI substrate and forming locally respective bulk areas in the substrate by means of a selective epitaxial growth
technique. In still other illustrative embodiments, less complex depasition techniques, such as non-selective
epitaxial growth, deposition of amomphous or polycrystalline materials, may be used in combination with
additional material removal processes in order to provide enhanced process flexibility, In still other ilustrative
embodiments, advanced implantation techniques and wafer bond techniques may be used for locally forming

respective SOl regions and bulk regions.

The particular embodiments disciosed above are illustrative only, as the invention may be modified and
practiced in different but equivalent manners apparent 1o those skilled in the art having the benefit of the
teachings hercin. For example, the process steps set forth above may be performed in a different order.
Furthermore, no limitations are intended to the details of construction or design herein shown, other than as
described in the claims below. It is therefore evident that the particular embodiments disclosed above may be
altered or modified and all such variations are considered within the scope and spirit of the invention,

Accordingly, the protection sought herein is as set forth in the claims below.



CLAIMS:
f. A method, comprising:

forming a first plurality of transistors of an electronic circuit in an SOI region

formed on a substrate;
forming a second plurality of transistors of said electronic circuit in a bulk region
formed on each substrate,

wherein forming said first and second pluralities of transistors comprises

implanting an atomic species into a surface layer of a donator substrate to

a specified depth,

forming a crystalline portion and an insulating portion in the surface layer

of said donator substrate above said specific depth,

bonding said donator substrate with said surface layer to said substrate and

~

removing excess material of said donator substrate using said atomic
species located at specified depth to control the removal of said excess material so as to
maintain material as said SOI region on said insulating portion and to use said crystalline

portion as said bulk region.

2. The method of claim 1, wherein at least some of said second plurality of

transistors are formed so as to define a memory cell.

3. The method of claim I, wherein said insulating portion is formed by forming a

recess in said surface layer and filling said recess with an insulating material.
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