Fully Depleted 501 Device with Buried Doped Layer Field of Invention The present invention relates to
fully depleted 501 devices, in particular, fully depleted double-gate 501 transistors and DRAM devices.
Background of the invention Semiconductor-On-Insulator (Se01) and, in particular,
Silicon-On-Insulator (S01) semiconductor devices are of increasing interest in present and future
semiconductor manufacturing, for example, in the context of the Complementary Metal Oxide
Semiconductor (CMOS) technology. A MOS transistor, irrespective of whether an n-channel transistor
or a p-channel transistor is considered, 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 o IE eS@qoBrém WFF electrode formed near the
channel region and separated rom In msulatmg layer. Recently, multiple-gate, in
particular, double-gate tran5|stors ha %‘ﬁ@ﬂ ?fs compared to transistors with one
single gate, double-gate transistors e ita hlgher curren ower off-current, a better

subthreshold swing and a lower variation of the threshold voltage due to a relatively lightly doped
channel region. Double-gate transistors are preferably realized in fully depleted SOI structures with

thin buried oxides and highly doped
Field of Invention

The present invention relates to fully depleted SOI devices, in particular, fully de-

pleted double-gate SOI transistors and DRAM devices.

Background of the invention

Semiconductor-On-Insulator (SeOl) and, in particular, Silicon-On-Insulator (SOI) sem-
iconductor devices are of increasing interest in present and future semiconductor
manufacturing, for example, in the context of the Complementary Metal Oxide Semi-

conductor (CMOS) technology.

A MOS transistor, irrespective of whether an n-channel transistor or a p-
channel transistor is considered, comprises so-called pn-junctions that are
formed by an interface of highly doped drain and source regions with an in-
versely 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 near the channel region and separated therefrom by a thin insulating

layer.

Recently, multiple-gate, in particular, double-gate transistors have been intro-
duced in the art. As compared to transistors with one single gate, double-gate
transistors exhibit a higher on-current, a lower off-current, a better sub-
threshold swing and a lower variation of the threshold voltage due to a rela-
tively lightly doped channel region. Double-gate transistors are preferably real-
ized in fully depleted SOI structures with thin buried oxides and highly doped



back plane (layer). Double-gate transistors are part of core circuits and periphery circuits of DRAM
devices. However, in the art the manufacturing process of fully depleted double-gate SOI transistors
with highly doped back plane is complicated and may cause damage within the SOI region due to a
high dose implant used to form the back plane. Conventionally, the doped back plane is formed by
implantation through the SOI layer and the buried oxide layer. The contamination with dopants in the
active layer caused by the back plane implantation, however, results in an increased variation of the

threshold voltaapt-:-?.zaf%eo 4|Vgtjher the doping rate is seleéted, the higher variation of the'thréshold voltage

results. Moreover, since a relatively high doping energy is necessary in the art in order to form the
back gate, deeply extending doping regions result. This badly affects miniaturization of the devices. In
view of this, it isaiprolalesn(laydey]ying the- gaeseardrinisémtsoart paovidfecammetinodtfoatite peanufacture of

a fully depleteqigr%lzf%\pg@@g; iSHess gexlicated and avoids the above-mentioned problems as well
as a device obtained by such a method. It is a particular problem underlying the present invention to

provide a semiconductor on insulator (Se01) wafer suitable for the manufacture of a fully depleted SOI
device and sudhcavdesicenthereiri the abavetabnmticneddeswisdckdl vate betadoited ®estgiption of the

Invention In oregs e addleess g layrmessicned abisetss iliscBreidatka Brihad jasdhisemanufacture

of aSemlcondl,acg%ra%ngi?hi%omgrgglgrgg?g}]dlgl eatgr%t R%l?]s'[égg%; implant used to form the

back plane. Conventionally, the doped back plane is formed by implantation
through the SOI layer and the buried oxide layer. The contamination with
dopants in the active layer caused by the back plane implantation, however,
results in an increased variation of the threshold voltage. The higher the dop-
ing rate is selected, the higher variation of the threshold voltage results.
Moreover, since a relatively high doping energy is necessary in the art in order
to form the back gate, deeply extending doping regions result. This badly af-

fects miniaturization of the devices.

In view of this, it is a problem underlying the present invention to provide a
method for the manufacture of a fully depleted SOI device that is less compli-
cated and avoids the above-mentioned problems as well as a device obtained
by such a method. It is a particular problem underlying the present invention to
provide a semiconductor on insulator (SeOl) wafer suitable for the manufacture
of a fully depleted SOI device and such a device wherein the above-mentioned

drawbacks can be avoided.

Description of the Invention

In order to address the above-mentioned objects, it is provided a method for the man-

ufacture of a semiconductor device, comprising
providing a first substrate;

arranging (forming) a doped layer in a surface region of the first substrate (in an upper

region of the first substrate or on top of the same);



arranging (forming)a buried oxide layer on the doped layer; arranging (forming) a semiconductor layer
on the buried oxide layer to obtain an Se01 wafer; removing the buried oxide layer and the
semiconductor layer from a first region of the Se01 wafer while maintaining the buried oxide layer and
the semiconductor layer in a second region of the Se01 wafer; forming an upper transistor (e.g., a
p-channel or an n-channel transistor) in the second region; forming a lower transistor, in particular, a

recessed channel array transistor in the first region; wherein forming the upper transistor in the second
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region comprises fsormlng a back gate of that transisfor in or by the doped layer; and Formlng the lower

transistor, in particular, a recessed channel array transistor in the first region comprises forming source
and drain regions of that transistor in or by the doped layer. According to the inventive method no
doping for the formation of source/drain regions of the transistor in the first region through a

semiconductore{m{ﬁéi@W&mjgg@@gg;mqg)i,grr@pﬁgs&gye(jqagg{ticuIar, the extension of the
s .

source/drain regions of the transistor in the first region can be accurately determined by the thickness
of the doped layer. Moreover, parts of the same (buried) doped layer can be used for both the
formation of a baekgieadfofming) ersemieondurtistiorsimtibesewittioddidayantd widasvarc8aftain regions
of a transistor igfe first region thereby simplifying the overall manufacturing process. The first region
may represent a memory cell area of a DRAM device and the second region may represent a core

region or a region of periphery circuits of the DRAM device.
removing the buried oxide layer and the semiconductor layer from a first region of the

SeOl wafer while maintaining the buried oxide layer and the semiconductor layer in a

second region of the SeOl wafer;

forming an upper transistor (e.g., a p-channel or an n-channel transistor) in the second

region;

forming a lower transistor, in particular, a recessed channel array transistor in the first

region; wherein

forming the upper transistor in the second region comprises forming a back gate of

that transistor in or by the doped layer; and

forming the lower transistor, in particular, a recessed channel array transistor in the
first region comprises forming source and drain regions of that transistor in or by the

doped layer.

According to the inventive method no doping for the formation of source/drain regions
of the transistor in the first region through a semiconductor layer and/or buried oxide
layer is necessary. In particular, the extension of the source/drain regions of the tran-
sistor in the first region can be accurately determined by the thickness of the doped
layer. Moreover, parts of the same (buried) doped layer can be used for both the for-
mation of a back gate of one or more transistors in the second region and the
source/drain regions of a transistor in the first region thereby simplifying the overall
manufacturing process. The first region may represent a memory cell area of a DRAM
device and the second region may represent a core region or a region of periphery
circuits of the DRAM device.



The method may further comprise providing a second substrate, forming the semiconductor layer on
the second substrate, forming the buried oxide layer on the semiconductor layer and/or the doped
layer, bonding the first and the second substrate by the buried oxide layer and detaching the second
substrate. Thus, the Se01 wafer can be obtained by wafer transfer techniques. The wafer transfer is
facilitated by the oxide layer. The buried oxide layer of the resulting Se01 wafer can be formed by a
combination of an oxide layer formed on the semiconductor layer formed on the second substrate and
. \4 . . . . A
an oxide layer formed on the first substrate wherein the combination results froFﬁO/t(i%(g%ﬂéﬁa'mg process.
Alternatively, bonding is facilitated by an oxide layer formed exclusively on the semiconductor layer or
exclusively on the substrate. The wafer transfer may, for example, be performed according to the
SmartCutO technique. In the above described embodiments, the step of forming the doped layer may

comprise dopiﬁ€hQﬁé%ﬁ?ﬁ%ﬁ&iﬁﬂ@r%mfr@%%&E%@ées@!omsm%%? SmAb dhewihigopant. In

f
this context, it should be noted that the opln% can be performed thr_ou%%l the semiconductor layer or

through the buFSHBARE1L)SP DS BTRGGH BRELEN DN LR PHEFE RIRF tREH RBOEIE X er, for
example. Alterdativelipyenesiay thiefdopdddayes dopdidddipe firnagndohepseidrenisirate pattieular,
eﬁ)_itactilcally gr@u@éaaéahﬁﬁdgp&da@gegemhs ﬁﬁf facenf &hsﬂ&%w%&&% i@l%éﬁéfpéﬁn ?)éngno ((:jrystal
silicon layer provided with dopants during or after the gro rocess may.be grown as the dope

ayer on & pot SIECS SRS IR IS EoHAL SRS R aPl B S So i Gror rayer
may be a silicoayelydharpyiadcuide, laveioricheriestallingiSeRayaier Tar bsifesnadpyrasayigaepitactically
grown on the depest layekiamager ook sulassratenitormtighibbrywelerrd iatha seeshtyeris provided
on the first subsiyale wheregn (e lisgn ayst iBepiesticaly aipun, Arecrding-ig an elhdiment the
doping of the dsbped 7ayer isann 6/5) ope %yer, In particular, an n+ (p+) opeola ayer as far as the
concentration 6&%%@9%@%68?&%%&6@@?&@%%%“itﬁtﬁdd’dﬁ‘é‘rﬂ’?ﬁﬁ%é@ﬁr@% from the
group consisting@fisieNonTihdseMitondlatol nife abawetdssyibed taxasupiestdheaiepatdrremoving

the buried oxidg jayey agd %BP&%m&q&%%#m&ra%%%m&tﬁrﬁtefgmgndftéﬁc%ﬁ%wafef can

comprise optionally forming an oxide layer on the semiconductor layer in the first and second regions;
forming a mask layer on the oxide layer in the first and second regions;
In the above described embodiments, the step of forming the doped layer may com-

prise doping the surface region of the first substrate by the implantation of a suitable
dopant. In this context, it should be noted that the doping can be performed through
the semiconductor layer or through the buried oxide layer or through the semiconduc-
tor layer and the buried oxide layer, for example. Alternatively, the step of forming the
doped layer may comprise forming, in particular, epitactically growing, the doped layer
on the surface of the first substrate. For example, a mono crystal silicon layer provided
with dopants during or after the growth process may be grown as the doped layer on a

polysilicon first substrate.

In the above described embodiments, the semiconductor layer may be a silicon layer,
in particular, a mono crystal silicon layer. The silicon layer may be epitactically grown
on the doped layer formed on first substrate. It might be preferred that a seed layer is
provided on the first substrate whereon the silicon layer is epitactically grown. Accord-
ing to an embodiment, the doping of the doped layer is an n (p) doped layer, in par-
ticular, an n* (p+) doped layer as far as the concentration concerns. The dopant may
be a refractory metal. The dopant may be chosen from the group consisting of Co, Ni,
Ti, Mo, W or Ta.



forming a photoresist on the mask layer in the second region and exposing the first region; removing
the mask layer, the optionally formed oxide layer and the semiconductor layer in the first region based
on the patterned photoresist; removing the photoresist layer; removing the mask layer in the second
region; removing the oxide layer in the second region; and removing the buried oxide layer in the first
region; wherein the buried oxide layer is removed in the first region after removal of the mask layer in

the second region. This Particular sequence of manufacturing steps results in a reliable damage-free
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removal of the buried oxide layer and the semiconduttor layer in the first region in"an efficient manner

in terms of the process flow. The manufacture of the semiconductor device may further comprise

In the above-described examples, the step of removing the buried oxide layer and the

semiconductor layer from the first region of the SeOl wafer can comprise

optionally forming an oxide layer on the semiconductor layer in the first and second

regions;
forming a mask layer on the oxide layer in the first and second regions;

forming a photoresist on the mask layer in the second region and exposing the first

region;

removing the mask layer, the optionally formed oxide layer and the semiconductor

layer in the first region based on the patterned photoresist;
removing the photoresist layer;

removing the mask layer in the second region;

removing the oxide layer in the second region; and
removing the buried oxide layer in the first region; wherein

the buried oxide layer is removed in the first region after removal of the mask layer in

the second region.

This particular sequence of manufacturing steps results in a reliable damage-free re-
moval of the buried oxide layer and the semiconductor layer in the first region in an
efficient manner in terms of the process flow. The manufacture of the semiconductor

device may further comprise

forming a trench in the second region to separate a region where a p-channel transis-

tor is formed from a region where an n-channel transistor is formed;



forming a trench separating the first from the second region; forming a p-well and an n-well region of
the first region; and forming a recessed channel array transistor trench in the first region such that it
extends into the p-well region formed below the doped layer in the first region. The trench in the
second region may be completely filled by an isolator material (oxide) in order to form a shallow trench
isolator or may be filled up to the level of the buried oxide layer thereby providing a mesa isolation.

The p-well andEg;;/ggllB%coe Lg)n in the first region are formed by implantation. Here no irghpzlantation
through a buried ‘oxide and semiconductor layer of af SOI wafer is necessary. ﬁhﬂe threshold voltage

of a memory cell array to be formed in the first region according to an embodiment of the present
invention can readily be adjusted by a further implantation of a dopant through the RCAT trench. Thus,
according to thiehengia tlisclosepbmttigdbetfiestformatiesarfoan )REAT in the first region can be
integrated in the manufacture of p-/n-channel transistors for the core and periphery circuits of a DRAM
in a very efficient and dama&e-avoiding manner. Furthermore, in the above-described examples,

source and drafPRAGHE BeTReY AN LB TRYAR B S AR UPE: @thed without further implanting

dopants in the doped layer. In this case, the necessary doping rate is already provided by the doped

Iaye_r_when fOVWI}h_Qr{&% $8£esses Hﬂﬁrﬁiéb%%&et#éﬁ@%ﬂf?@ﬁﬁiﬁﬂﬂ%éfﬁé%&oW%fﬁfh Tﬂé‘ffri?@% no
additional depqght(ljon g% remO\{farI of a %?F%%g@t& as Iayder IS dqeededtﬁlgﬂr&ordamage is caused by

source/drain formation. I?é)r'r\llvﬁlvgﬂf'??orml eeogvoGFceognd 8¥3|rr'lnreg|ons o1Re transistor in the first

region may comprise implanting dopants in the doped layer to adjust the doping profile According to an

embodiment, amadgieRahdprestsditoRe@ye itajopRadnipiRRIiGUEY , By aPikarsiegreadhaon the
semiconductor layer, in patiqular the siligon laver adiacent to.gateityettes.of e, tagaistors
formed in the fﬂst and second regions in order to form raise part?y above the level of the gate
dielectric) sourbeisd @desilayac thereby providing a mesa isolation.

The p-well and n-well region in the first region are formed by implantation. Here, no
implantation through a buried oxide and semiconductor layer of an SOI wafer is ne-
cessary. The threshold voltage of a memory cell array to be formed in the first region
according to an embodiment of the present invention can readily be adjusted by a fur-
ther implantation of a dopant through the RCAT trench. Thus, according to the herein
disclosed method the formation of an RCAT in the first region can be integrated in the
manufacture of p-/n-channel transistors for the core and periphery circuits of a DRAM

in a very efficient and damage-avoiding manner.

Furthermore, in the above-described examples, source and drain regions of the tran-
sistor in the first region are formed without further implanting dopants in the doped
layer. In this case, the necessary doping rate is already provided by the doped layer
when forming the same on the substrate before completing the SeOl wafer. Thereby,
no additional deposition and removal of a dopant mask layer is needed and no dam-
age is caused by source/drain formation. Alternatively, forming the source and drain
regions of the transistor in the first region may comprise implanting dopants in the

doped layer to adjust the doping profile

According to an embodiment, an additional doped silicon layer is formed, in particular,
by epitactic growth, on the semiconductor layer, in particular, the silicon layer, adja-
cent to gate structures of the transistors formed in the first and second regions in or-

der to form raised (partly above the level of the gate dielectric) source and drain re-



gions if it is preferred. Thus, the resulting raised source and drain regions in this case comprise the
additional doped silicon layer and the semiconductor layer in the second region and the additional
doped silicon layer and the doped layer in the second region, respectively. Herein, it is also provided a
semiconductor on insulator, Se01, wafer, in particular, an SOl wafer, comprising a substrate; a doped
layer formed in the region of a surface of the substrate; a buried oxide layer arranged only on a part of
the doped Iayerb and a semiconductor layer arranged on the buried oxide layer arran%d on the part of
the doped Iayer {5°6btan the Se01 wafer. Such a wafer is very suitable for formlng & DRAM device
comprising p-channel and/or n-channel transistors in the region where the semiconductor layer and
the buried oxide layer are formed and where a recessed channel array transistor for a memory cell
array is formedgiorihé itegiorfefrtde Wade theheseltiny seisidoductanthyairarsgibosiedtoxicestayer are

provided such thatihe (huripdkdracs %IWIWQV&PH% the Qack Rl )6 RGharaeand/or

n-channel transistors and at least partly the source/drain regions for the recessed channel array
transistor. region and the additional doped silicon layer and the doped layer in the second region,

respectively.

Herein, it is also provided a semiconductor on insulator, SeOl, wafer, in particular, an

SOl wafer, comprising

a substrate;

a doped layer formed in the region of a surface of the substrate;

a buried oxide layer arranged only on a part of the doped layer; and

a semiconductor layer arranged on the buried oxide layer arranged on the part of the

doped layer to obtain the SeOl wafer.

Such a wafer is very suitable for forming a DRAM device comprising p-channel and/or
n-channel transistors in the region where the semiconductor layer and the buried
oxide layer are formed and where a recessed channel array transistor for a memory
cell array is formed in the region of the wafer where no semiconductor layer and bu-
ried oxide layer are provided such that the (buried) doped layer may provide the back
gate for the p-channel and/or n-channel transistors and at least partly the source/drain

regions for the recessed channel array transistor.

In the above-mentioned SeOl wafer the substrate and the semiconductor layer may
consist of or comprise silicon and the doped layer may comprise a refractory metal. In

particular, the doped layer may comprise Co, Ni, Ti, Mo, W or Ta as a dopant.

Additional features and advantages of the present invention will be described with ref-

erence to the drawings. In the description, reference is made to the accompanying



In the above-mentioned Se01 wafer the substrate and the semiconductor layer may consist of or
comprise silicon and the doped layer may comprise a refractory metal. In particular, the doped layer
may comprise Co, Ni, Ti, Mo, W or Ta as a dopant. figures that are meant to illustrate preferred
embodiments of the invention. It is understood that such embodiments do not represent the full scope
of the invention. Figure 1 illustrates an example for the method for manufacturing a semiconductor
device according to the present invention, wherein an SOI structure comprisingFa buried doped layer is
formed. Figure% 329R50e0%i'bstrate the manufacture offa DRAM device according {%/ng)r%c('\e/')z(g?hple of the
present invention based on the 501 wafer illustrated in Figure 1. A process for the manufacture of an
501 structure comprising a buried doped layer is shown in Figure 1. It is provided a donator silicon
substrate 1. Néigyrassthedmrayesadisqitwinatn phedcadedatorbadictnsubistnatender@tionddlyna seed layer

(not shown) is frmechaRING GPLAIGRIIGRY RERSIFaERL O tHEUTB LG §HUGRRLIRR! 2. Subsequently,

a silicon (di)oxide layer 3 is formed on the silicon layer 2. On the other hand, a silicon substrate 4 is
provided for the SOI structure to be obtained. A doped layer 5 is formed in the region of or on the
upper surface of the silicon substrate 4. According to an example, n+ doping of the upper portion of

the silicon substiate 4 ifReHREBAEIBRINEYJEREIHNGHERS fRReGiarRLR Acsepingia ap-alternative
example, a doped silicoolrgi layer.5, i é)art'cular an n+ doped sgigpqulj'%(er is e itacticaltlj)(1 Qrown on the
e

n .
silicon substrate 4. en,né; éﬂitch(.%énp( i %@({i' g gyg%”.%efgﬁ‘mae”d on (%Bée%o a%sr'%q f)urlng a wafer

transfer procesioied iefdd49ared formed on the silicon layer 2 and the oxide layer 6 formed on the
doped layer 5 are bonded to each other and the donator substrate 1 is removed. A structure results

that comprises the substrate 4. the buried doped layey 5 ried oxide layer 7 resulting from the
combimation o s o R Bt ol A N i
silicon layer 2 ShHEREISEAEN GRS BgRaI 8T SHbYAEUAUA!fRied in Figure 1.

A process for the manufacture of an SOI structure comprising a buried doped layer is
shown in Figure 1. It is provided a donator silicon substrate 1. Next, a silicon layer 2 is
grown on the donator silicon substrate 1. Optionally, a seed layer (not shown) is
formed on the donator silicon substrate 1 for growth of the silicon layer 2. Subse-

quently, a silicon (di)oxide layer 3 is formed on the silicon layer 2.

On the other hand, a silicon substrate 4 is provided for the SOI structure to be ob-
tained. A doped layer 5 is formed in the region of or on the upper surface of the silicon
substrate 4. According to an example, n* doping of the upper portion of the silicon
substrate 4 is performed thereby resulting in the doped layer 5. According to an alter-
native example, a doped silicon layer 5, in particular, an n* doped silicon layer, is epi-
tactically grown on the silicon substrate 4. Then, a silicon (di)oxide layer 6 is formed
on the doped layer 5. During a wafer transfer process the oxide layer 3 formed on the
silicon layer 2 and the oxide layer 6 formed on the doped layer 5 are bonded to each
other and the donator substrate 1 is removed. A structure results that comprises the
substrate 4, the buried doped layer 5, the buried oxide layer 7 resulting from the com-

bination of the oxide layers 3 and 6 during bonding and the silicon layer 2.

Subsequently, the silicon layer 2 and the buried oxide layer 7 are removed on a first
region while maintaining them on a second region thereby resulting in then SOI wafer

10. The removal may be performed as follows. A pad oxide is grown on the silicon



region while maintaining them on a second region thereby resulting in then SOI wafer 10. The removal
may be performed as follows. A pad oxide is grown on the silicon layer 2 and a hard mask layer, for
example, a nitride layer is formed on the pad oxide. Then, a photoresist is formed on the hard mask
layer and patterned to expose the hard mask layer in the first region. Then, the hard mask, the
underlying pad oxide and the silicon layer 2 are etched in the first region. Subsequently, the
photoresist is stnhpged and the nitride is removed and all of the exposed oxide |nclud|n the buried
oxide layer 7 in tHefirst re reglon is removed. The thus®btained SOI wafer 10 shwi | gure lis
suitable for the manufacture of a fully depleted multi-(double) gate SOI FET as well as DRAM devices.
In the following, the manufacture of a DRAM device according to an example of the present invention
is described withyeetzeadceHard-gask sager - faee XEnep B aatiig qeolntesig feendlyothth S adveates. 10 shown in
Figure 1. A padfids phaganardomask iV inloheRaple A fleriel Bdten ormed on

the exposed portion of the doped layer 5 in the first region as well as the silicon layer in the second

region. The reﬁﬂtﬂtﬁ‘%ﬁmaﬁféﬁ&ﬂlﬁ'ﬁ A9Pth Figrd e handrasis NG & naging RAd G288, one region
where an n-chémnellFET lajiirb2 foenrricheshe riigiditsiviegioa SwaanehtbE Thevilisdofesined and one
region where asmeﬁeeryneett@n%wt@ P&TQ&%eQadTﬁl?dﬁﬂ@@§&§3Mr€$‘ﬁl&ﬂﬂ|§95tﬁé‘&§’r@d0hanne'
FET comprise the S|,|con }axef;] fantd buned OX|deVI S Wi asdq X|de and ad nitride 12.
The memory ceﬁ arra compnses pa Xida TIane nltnae 3 bu r&6 off the SI icon layer 2 and
the buried oxideigageer! 7s By'tﬁb!ﬁdnfh@gramid%t‘eﬁlﬁg‘ e ritetitaask puitititiopine) thatee Iiferent active
regions are sulpsgosently demrecv lfesraie detail, a patterned photoresist is formed on the pad nitride
to etch the same in the trench regions after removal of the photoresist the silicon is etched to form the
trenches. Next a trench oxide liner and a trench nitride liner are subsequently formed in the trenches
and, then, the tFeHEnEYAYBSillE8 WRAWRFEENRARRIRAMtER Artastrig et éPcHe mearintfatical
polishing as wellaasratehisgial adsitridedanich oxfdetbe wirigtuee HhustpateThindrging piintsobtained.
Trenches 13 separale e §6‘i“6§’af&%%9&ﬂﬁ%‘ﬁ&ﬂ@“@'iﬁaﬁ Qi the é’t}‘r‘é'\é%‘?&"%%kf g P-channel

FET and the active region of the p-channel FET from the active region of the memory ce€ll array,

respectively. THe H¥rfiREYIes 2R EYeRrPIRNSBI0ENRR AN SRR S tPaReh IR RAIeL4BRY trench
nitride liner 15 lagewélirabafirenetidilmgveKide thé .shlote,|2at ithth¢reemeing egmvatingethes alttige region of
the n-channel Ef]cfipmdhi.arsive rﬁenatef $he prranegld RhighYahe ramRigiebhlliedit provide a

shallow trench isolation or maﬁebe filled ong rom the top down to the bottom of the burjed oxide layer
t,

7 in order to proURIEFA Ager e iBhonvE %{'Eeﬂeé’ﬂﬁn@e&?w (55¢ MSHRRY' iE R PBver the
entire structurdahmaraind Bitguregizio amerin atrearagipgealf arreymeiierjosakdridge sewionsraf-ivell region
and an upper ptWﬁélnmilﬂE'T%ﬁJ@EBP\%ﬂrkéY HEPladHptieB the tRIRH9E Qféh§ mﬂ@a%yd‘@lb%ray a
recessed channel gy atransdstor gRI AT?j h%a to rkl) A %mﬁ]d AftrenrO ;etecp of. Ianoarrﬁlz%tgon including the
deposition of a p?ananza?d’n oxide and cr}tePnlca mechanical pﬁanalyzaetlon oY the Same &fitride hard
mask and an app#eprisaefnaatuiied! gHwidpdsest A énfosiirar fayeaste it the tROKIOKdR Y the region
of the memory cell array. In the etched RCAT trench an oxide is formed. Implantation of species for
adjusting the threshold voltage and the gate oxide is performed through the RCAT trench and in the
p-well region. Gate oxides of different thicknesses are formed in the RCAT trench and the regions of
the n-channel B Phatelithagiarhie PrrcessitelivitIan §eRRIIENS IR ISR PRYVRISHOMS can be
seen the RCAhisendbeljidatfpronaddattialyesideridnpattdméae petvsedsragsooriddamed gdbve the
n-well region 1ﬁ|tchYé“EBrleIE‘r“r‘tﬂe%%un%em%lt?eﬁéh'%@d% 5‘%8#%%8/‘3? PHJH%HB%FQQJ‘W&Q?'C’ voltage

and an implant region 21 for adjusting the gate oxide are formed. A relatively thick gate oxide 22" is

formed in the r@%”dﬁ BiFhsd FPéﬂrahH@ E‘E‘?h‘fﬁd"ae?‘el%tff\?éﬁptﬂt‘t‘tjﬁatf? RGP IEN BRSSP the region of
the p-channel REeTsuhkeqneatiiefprbethgtite osndbes2aidribleP 2 then &g rimb de rane dlleel atitre bhkiden or thick or
the gate oxide %%temﬂy,&?f’erf%ﬂﬁ@g ﬁB'%K@rc“@ﬁtégl%%t%%!ﬂ%&%mﬁd‘%ﬁﬁélg?éee%tﬂ &nis formed in

the RCAT trench 17. Gate oxide nitration and ate oxide anneal c n be é) rformed. %ate electrode

structures in the F@Slgﬁg o' ﬂ?e”hec“ﬁ%fﬁ%? I'—uéﬁt St?d’ H‘ H%Wﬁe%qi'ﬁf A%'W (S nﬁrt?]set aFd’r? of the
memory cell arraip &re fotiveedegiosiabne in-Fligane! Zd: Trrthe tieopativexeagipte ahthgaxeistroetures

comprise a layee23made &ftiliNecgidnysriré sradaref PEW%%e@WvE@é@%'@Vﬂfe%e%ﬁ&ﬁ nitride
layer 26. The shelwn ate structures .Fﬁsu[lt frqnm di 03|t c})In(Tgf thle [esne ctlve ayers a
ea

photollthography proc 55 as known in the ar fitride ayeris deepog}/teé gver th r‘l['r?ructure shown

in Figure 2d arRxifgHingdbhaaddranshedfiistesiace impranwicmatieneyfiting oxigr HdNalenBIatET and p-



channel FET adjacent to the respective gate structures. A sidewall spacer oxide is formed above the
nitride layer above the gate structures in the regions of the n-channel FET and p-channel FET and
after etching in order to obtain oxide sidewall spacers and another nitride layer is deposited and
etched to form nitride sidewall spacers above both the gate structures in the regions of the n-channel
FET and p-channel FET and the gate structure in the region of the memory cell array. Oxide on the

surface of the tgg;zisezgchBi(Q ﬁd region 5 in the region of the memory cell array andF%)/(ig(I)g agEtBl?e silicon
layer 2 in the regions of the n-channel FET and p-cHaneI FET is etched back and Sificon is formed on

the thus exposed surfaces by selective epitactic growth and dopants are implanted in the epitactically
grown silicon as well as the underneath silicon layer 2 in the regions of the n-channel FET and
p-channel FETtesntteppticrephyating thedactieatbdiuriefdhmplemdragief 5T ifrahetie gictivefébiemag mory cell

array, respectiygly, HOWRMPESTRRY e EB%ﬁSfé?eﬁ&/tﬂu@GJk§wbﬁ@Q%&F&Wﬁ@”&ﬁ%l%éﬁ%ﬂwed layer
5 such that no significant doplnfg by implantation through the epi silicon is needed for the RCAT. The

resulting structMRY i8S I1l18HQAY TR PR 4o %%H?HQ’HQ&W@%%%% BelcfUPe¥ M regions of
the n-channel FEIrevithchesasdEdncomprise sidewall spacers 27 comprising oxide and nitride. The
gate structure in the region of the memory cell array comprises a sidewall spacer 28 made of nitride.

Adjacent to all ﬁ&?ea ate structur.gs f i s|illic?n 29 is ff%rme and ﬁi]opeeqigg &rder to fgrmnsource/drain

regions. The doping o ?ﬁeeergﬁgs??(ﬁc ré)é can r8tee§1?e'rs'forr'rrrmnee t‘)))\/?rrnp antation & éurrﬁr%v(\ﬁ% o'Pduring the

growth of the shigise 28 Beddniee rgeiparehthi onemasydredcrifalon IoVEIgurel! 2epieNANGE860HRINg to an
embodiment ofpdie,Aiesesdibavaratiommaduyriathritaiighly thepedishlayeiehistornesl isnaln $OI wafer
that, on the one.hands can be.sed 35, a.aack arierAver in s eare crfpaBier sitouis of 2 DRAM
device and, on the other han , canbe used f(gr ighly dsope source and dral regPons of an RCAT in
the memory celiPar8gludieiaaderrsiirn\rsd AT Rl taeKsane rhrerpcabpeshanisatileadas been
described it is tegdiyvumdersiood thadahadopeasklayenprapeipotepyphack @lasroitresishadoped

substrate is alsg, GOVErEd ML RG RREREAMMERIOR. vl RIEYICHE I AISEURSSLEmapdimaiR.are not

intended as limitations but serve as examples illustrating features and advantages of the invention. It is
to be understo§iFtRgtREMe BFNAN G4 Jv YRS iIER RRLATIPBCESReEs B AVHBRABINR different

ways. Claims threshold voltage and the gate oxide is performed through the RCAT trench and in the
p-well region. Gate oxides of different thicknesses are formed in the RCAT trench and
the regions of the n-channel FET and p-channel FET. The resulting structure is illus-
trated in Figure 2c. As can be seen the RCAT trench 17 is formed partially extending
into the p-well region 18 formed above the n-well region 19. Within the p-well region
18 an implant region 20 for adjusting the threshold voltage and an implant region 21
for adjusting the gate oxide are formed. A relatively thick gate oxide 22’ is formed in
the region of the n-channel FET and a relatively thin gate oxide 22” is formed in the
region of the p-channel FET. Alternatively, both gate oxides 22’ and 22” may be
formed relatively thin or thick or the gate oxide 22” may be formed thicker than the
gate oxide 22’. Another gate oxide 22" is formed in the RCAT trench 17. Gate oxide

nitration and gate oxide anneal can be performed.

Gate electrode structures in the regions of the n-channel FET and p-channel FET as
well as in the region of the memory cell array are formed as shown in Figure 2d. In the
shown example the gate structures comprise a layer 23 made of TiN, a layer 24 made
of polysilicon, a W barrier layer 25 and a nitride layer 26. The shown gate structures
result from deposition of the respective layers and photolithography processing as
known in the art. A nitride layer is deposited over the structure shown in Figure 2d and

lightly doped drain regions are implanted in the regions of the n-channel FET and p-



1. Method for the manufacture of a semiconductor device, comprising providing a first substrate;
arranging a doped layer in a surface region of the first substrate; arranging a buried oxide layer on the
doped layer; arranging a semiconductor layer on the buried oxide layer to obtain an Se01 wafer;
removing the buried oxide layer and the semiconductor layer from a first region of the Se01 wafer
while maintaining the buried oxide layer and the semiconductor layer in a second region of the Se01
wafer; forming an upper transistor in the second region; forming a lower transistor(5 incparticular, a
recessed chanFngf%rrggf)‘{vrtgnsistor in the first region;Wherein forming the upperFt}%r?%%s%rE fh the second
region comprises forming a back gate in or by the doped layer; and

channel FET adjacent to the respective gate structures. A sidewall spacer oxide is
formed above the nitride layer above the gate structures in the regions of the n-
channel FET and p-channel FET and after etching in order to obtain oxide sidewall
spacers and another nitride layer is deposited and etched to form nitride sidewall
spacers above both the gate structures in the regions of the n-channel FET and p-

channel FET and the gate structure in the region of the memory cell array.

Oxide on the surface of the buried doped region 5 in the region of the memory cell
array and oxide on the silicon layer 2 in the regions of the n-channel FET and p-
channel FET is etched back and silicon is formed on the thus exposed surfaces by
selective epitactic growth and dopants are implanted in the epitactically grown silicon
as well as the underneath silicon layer 2 in the regions of the n-channel FET and p-
channel FET and optionally the underneath buried implant layer 5 in the region of the
memory cell array, respectively. However, it may be preferred to adjust the doped
concentration in the doped layer 5 such that no significant doping by implantation
through the epi silicon is needed for the RCAT. The resulting structure is illustrated in
Figure 2e. As shown in this Figure the gate structures in regions of the n-channel FET
and p-channel FET comprise sidewall spacers 27 comprising oxide and nitride. The
gate structure in the region of the memory cell array comprises a sidewall spacer 28
made of nitride. Adjacent to all of the gate structures epi silicon 29 is formed and
doped in order to form source/drain regions. The doping of the epi structures can be

performed by implantation after growth or during the growth of the same.

As becomes apparent from the description of Figures 2a to 2e according to an em-
bodiment of the present invention, a buried thin highly doped n-layer 5 is formed in an
SOl wafer that, on the one hand, can be used as a back gate layer in the core and
periphery circuits of a DRAM device and, on the other hand, can be used for highly
doped source and drain regions of an RCAT in the memory cell area. Whereas the
provision of a n* back plane in a p-doped substrate has been described it is readily
understood that a p doped layer providing a p* back plane in an n-doped substrate is

also covered by the present invention.



forming the lower transistor, in particular, a recessed channel array transistor in the first region
comprises forming source and drain regions in or by the doped layer. 2. The method according to
claim 1, wherein the first region represents a memory cell area of a DRAM device and the second
region represents a core region or a region of periphery circuits of the DRAM device. 3. The method
according to claim 1 or 2, further comprising providing a second substrate; forming the semiconductor
layer on the second substrate; forming the buried oxide layer on the semiconductor IaMer and/or the
doped layer; bgﬁ@?ﬁ(g%ﬁé“ﬂrst and the second substrate by the buried oxide Iay(Fe1r?/0<'§i?§3 ég?éching the
second substrate.

All previously discussed embodiments are not intended as limitations but serve as
examples illustrating features and advantages of the invention. It is to be understood
that some or all of the above described features can also be combined in different
ways.



4. The method according to one of the preceding claims, wherein the step of forming the doped layer
comprises doping the surface region of the first substrate. 5. The method according to one of the
preceding claims, wherein the step of forming the doped layer comprises forming, in particular,
epitactically growing, the doped layer on the surface of the first substrate. 6. The method according to
one of the preceding claims, wherein the semiconductor layer consists of or comprises silicon and/or

the first substrate consists of or comprises silicon. 7. The method according to one of thegpreceding
. . EP72820RB004vth . . . F10/Q908CMZ EBI
claims, wherein the dopant of the doped layer is an 1n3dopant, in particular, an n+ dopant or a p dopant,

in particular, a p+ dopant. 8. The method according to one of the preceding claims, wherein removing
the buried oxide layer and the semiconductor layer from the first region of the Se01 wafer comprises
forming a masiClairas on the oxide layer in the first and second regions; forming a photoresist on the
mask layer in the second region and exposing the first region;

1. Method for the manufacture of a semiconductor device, comprising
providing a first substrate;
arranging a doped layer in a surface region of the first substrate;

arranging a buried oxide layer on the doped layer;

arranging a semiconductor layer on the buried oxide layer to obtain an SeOl

wafer;

removing the buried oxide layer and the semiconductor layer from a first region
of the SeOl wafer while maintaining the buried oxide layer and the semiconduc-

tor layer in a second region of the SeQl wafer;
forming an upper transistor in the second region;

forming a lower transistor, in particular, a recessed channel array transistor in

the first region; wherein

forming the upper transistor in the second region comprises forming a back

gate in or by the doped layer; and

forming the lower transistor, in particular, a recessed channel array transistor in
the first region comprises forming source and drain regions in or by the doped

layer.

2. The method according to claim 1, wherein the first region represents a memory
cell area of a DRAM device and the second region represents a core region or

a region of periphery circuits of the DRAM device.



removing the mask layer and the semiconductor layer in the first region; removing the photoresist
layer; removing the mask layer in the second region; removing the oxide layer in the second region;
and removing the buried oxide layer in the first region; wherein the buried oxide layer is removed in the
first region after removal of the mask layer in the second region. 9. The method according to claim 8,
further comprising forming a trench in the second region to separate a region where a p-channel
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3. The method according to claim 1 or 2, further comprising

providing a second substrate;

forming the semiconductor layer on the second substrate;

forming the buried oxide layer on the semiconductor layer and/or the doped

layer;

bonding the first and the second substrate by the buried oxide layer; and

detaching the second substrate.

4, The method according to one of the preceding claims, wherein the step of
forming the doped layer comprises doping the surface region of the first sub-

strate.

5. The method according to one of the preceding claims, wherein the step of
forming the doped layer comprises forming, in particular, epitactically growing,

the doped layer on the surface of the first substrate.

6. The method according to one of the preceding claims, wherein the semicon-
ductor layer consists of or comprises silicon and/or the first substrate consists

of or comprises silicon.

7. The method according to one of the preceding claims, wherein the dopant of
the doped layer is an n dopant, in particular, an n* dopant or a p dopant, in par-

ticular, a p* dopant.

8. The method according to one of the preceding claims, wherein removing the
buried oxide layer and the semiconductor layer from the first region of the SeOl

wafer comprises



transistor is formed from a region where an n-channel transistor is formed; forming a trench separating
the first from the second region; forming a p-well and an n-well region of the first region; and forming a
recessed channel array transistor trench in the first region such that it extends into the p-well region
formed below the doped layer in the first region. 10. The method according to one of the preceding
claims, wherein forming the source and drain regions of the transistor in the first region is performed

without further img)lantin dopants in the doped layer. 11. The method accordin%to one of the claims
. EP72820RB004vth . . . . . __F10/0908CMZ EBI .
1to 9, wherein Formlng the source and drain regloné%f the transistor in the first region comprises

implanting dopants in the doped layer to adjust the doping profile. 12. The method according to one of
the preceding claims, further comprising forming a doped silicon layer, in particular, by epitactic
growth, on the silicorfdayisgadjeasriayergai¢hstovickel fegeointte tiest srsdascéorimegiansthe first and second
regions in order to form source and drain regions.

forming a photoresist on the mask layer in the second region and exposing the

first region;

removing the mask layer and the semiconductor layer in the first region;
removing the photoresist layer;

removing the mask layer in the second region;

removing the oxide layer in the second region; and

removing the buried oxide layer in the first region; wherein

the buried oxide layer is removed in the first region after removal of the mask

layer in the second region.
9. The method according to claim 8, further comprising

forming a trench in the second region to separate a region where a p-channel

transistor is formed from a region where an n-channel transistor is formed;
forming a trench separating the first from the second region;
forming a p-well and an n-well region of the first region; and

forming a recessed channel array transistor trench in the first region such that it

extends into the p-well region formed below the doped layer in the first region.

10.  The method according to one of the preceding claims, wherein forming the
source and drain regions of the transistor in the first region is performed without

further implanting dopants in the doped layer.



13. Semiconductor on insulator, Se01, wafer, comprising a substrate; a doped layer formed in the
region of a surface of the substrate; a buried oxide layer arranged only on a part of the doped layer;
and a semiconductor layer arranged on the buried oxide layer arranged on the part of the doped layer
to obtain the Se01 wafer. 14. The Se01 wafer according to claim 13, wherein the substrate and the
semiconductor layer consists of or comprises silicon and the doped layer comprises a refractory metal,

in particular, Co, Ni, Ti, Mo, W or Ta. 15. DRAM device comprising the Se01 wafer according to claim
EP72870RBO04Vt . . ) F10/0908CMZ EBI
13 or 14; one or more p-cﬂannel and/or n-channel trhsistors in the region where the-gémiconductor

layer and the buried oxide layer are formed and wherein the doped layer provides the back gate for the
p-channel and/or n-channel transistors; and
11.  The method according to one of the claims 1 to 9, wherein forming the source

and drain regions of the transistor in the first region comprises implanting

dopants in the doped layer to adjust the doping profile.

12. The method according to one of the preceding claims, further comprising form-
ing a doped silicon layer, in particular, by epitactic growth, on the silicon layer
adjacent to gate structures of the transistors formed in the first and second re-
gions in order to form source and drain regions.

13. Semiconductor on insulator, SeOl, wafer, comprising
a substrate;

a doped layer formed in the region of a surface of the substrate;

a buried oxide layer arranged only on a part of the doped layer; and

a semiconductor layer arranged on the buried oxide layer arranged on the part

of the doped layer to obtain the SeOl wafer.

14. The SeOl wafer according to claim 13, wherein the substrate and the semicon-
ductor layer consists of or comprises silicon and the doped layer comprises a

refractory metal, in particular, Co, Ni, Ti, Mo, W or Ta.
15.  DRAM device comprising
the SeOl wafer according to claim 13 or 14;
one or more p-channel and/or n-channel transistors in the region where the
semiconductor layer and the buried oxide layer are formed and wherein the

doped layer provides the back gate for the p-channel and/or n-channel transis-

tors; and



a recessed channel array transistor for a memory cell array in the region of the wafer where no
semiconductor layer and buried oxide layer are provided and wherein the doped layer at least partly
provides the source/drain regions for the recessed channel array transistor.
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a recessed channel array transistor for a memory cell array in the region of the
wafer where no semiconductor layer and buried oxide layer are provided and
wherein the doped layer at least partly provides the source/drain regions for the
recessed channel array transistor.



