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General ly, the present disclosure relates to integrated circuits, and, nore
particularly, to 501 sem conductor devices conprising sem conductor

el ements, such as substrate diodes, that are forned in the crystalline
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area according to a specified circuit layout. Generally, a plurality of
process technologies are currently practiced, wherein, for conplex
circuitry, such as m cr OBACIOSRONEND BOTAIEICVERTIOAS! Cs (application 15
specific 1Cs) and the like, CMOS technology Is one of the nost prom sing

approaches dugitEptde TSUPENVENaRA act eristics in view of operating speed
and/ or power consunption and/ or cost efficiency. During the fabrication of

onplex inte i heui Sin tiechnol ogy, m,llions of ]
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i f d above a suhstrate jncluding a crystalline
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N-channel transistor or a P-channel transistor is considered, conprises
so- cal | etHOPRES Qivees. did axenfarmed ia thorretallipy netetiahp BihE avstiofe. hi ghl y doped
drain and source regions with an inversely or weakly doped channel region
di sposed between the drain region and the source region. The conductivity
of the channel region, i.e., the drive current capability of the conductive

chaniel ,2.i s CORSCRIPTUIOBYORIHBHELLTEHLARFe fornmed above the channel
region and separated therefromby a thin

The fabrication of integrated circuits requires a large number of circuit elements,

such as transistors and the like, to be formed on a given chip area according to a specified
circuit layout. Generally, a plurality of process technologies are currently practiced,
wherein, for complex circuitry, such as microprocessors, storage chips, ASICs (application
[5  specific [Cs) and the like, CMOS technology is one of the most promising approaches due
to the superior characteristics in view of operating speed and/or power consumption and/or
cost elficiency. During the fabrication of complex integrated circuits using CMOS
technotogy, millions of complementary transistors, ie., N-channel transistors and P-
channel transistors, are tormed above a substrate including a crystalline semiconductor
20 layer. A MOS transistor, irrespective of whether an N-channe! 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 of the conductive channel, is controlled by
25 a gate electrode formed above the channel region and separated therefrom by a thin

insulating layer. The conductivity of the channel region, upon formation of a conductive



insul ating |layer. The conductivity of the channel region, upon formation of
a conductive channel due to the application of an appropriate control
voltage to the gate el ectrode, depends on, anong other things, the distance
bet ween the source and drain regions, which is also referred to as channel

| engt h. Therefore, reducing t he feature sizes and, in particular the gate

length o f SLors h
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i nportance for manufacturing MOS transistors due to their 10

char act ebSi &lsp gglesrd dor gsdplesaaclplangd t ilhewdpaciedanoe bt fherehizpunod, ons,

t hereby all owi ng hi gher sw tching speeds conpared to bulk transistors. In
SO tranpustans,tht letesiengtoorfdiie tibald re€gbiomansi sortias thetheandingiona@ndesgour ce
regions as well as the channel region are located, also referred to as the
body,5 i scittiegbect ri call'y encapsul ated. This configuration provides
significant advantages, but also gives rise to a plurality of issues. 15
For exanple, semconductor elenents, such as diodes and the like, may have
to be inplenented in the substrate naterial due to certain device
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referred(}o as a ?ub§6rate w ndow and nmay affect the

advantages, the [ (semiconductor- or silicon-on-insulator) architecture has been
confinuously gaining in importance for manufacturing MOS transistors due to their
[0 characteristics of a reduced parasitic capacitance of the PN junctions, thereby allowing
higher switching speeds compared to bulk transistors. In SOI transistors, the
semiconductor region, in which the drain and source regions as well as the channel region

are located, also referred to as the body, is diclectrically encapsulated. This configuration

provides significant advantages, but also gives rise to a plurality of issues.

For example, semiconductor elements, such as diodes and the like, may have to be
implemented in the substrate material due to certain device requirements, thereby
necessitating the formation of appropriate areas in which the substrate material has to be
exposed.  Any such area may be referred to as a substrate window and may affect the

20 further processing due to a pronounced surface topography. For example, one important
issue in high performance devices, such as microprocessors and the like, is an efficient
device internal temperature management due to the significant heat generation of the
transistors. Due to the reduced heat dissipation capability of SOI devices caused by the

buried insulating layer, the corresponding sensing of the momentary temperature in SOI

-~
LA

devices is of particular importance. Typically, for thermal sensing applications, an



90 further processing due to a pronounced surface topography. For exanple,
one inportant issue in high perfornmance devices, such as m croprocessors
and the like, is an efficient device internal tenperature nanagenent due to
the significant heat generation of the transistors. Due to the reduced heat
dissipation capability of 501 devices caused by the buried insulating

| ayer, e n S n nt ar e in 501
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applicati , priate dlode structure may be used wherein the
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thermal conditions in the vicinity of the diode structure. The sensitivity
and the hctansityitppnd He aceypecel e repadincenantrenatiadasbt bitimed oothet beisbasi s
of the diode structure may significantly depend on the di ode

char act esfi $tidiodd stewciuromayhs gdlifioatalys deend ent thy diddagehaehariags, erd, séi te wWhi ch
may depend on tenperature and other paranmeters. For thermal sensing
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substantially "ideal" diode characterlstlc in order to allow a precise
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In SO devices correspon e struc respe ive PN

junctio fre yent subst ate ndow area, i,e., in the
st r ano e e AT LD ol e gl Srdid élm‘hgpf‘égf&e““%&wfm ch
is formed the "active" sem conductor |ayer used for formng therein the
transi st8f EPPREHES. “THU§mSaW“P69§?C§@Hﬁxﬁéﬁﬁ@|@ﬁﬁkcprd&egglgﬁéﬁgqnay be
required, for instance, for etching through the sem conductor |ayer or a
corresde@ﬁﬁ@Hﬂwsnbwklgdwanﬁon?aﬁ@aeamdnmwﬂﬁughuphemUhﬂumm31hsmbannag | ayer
in order to expose the crystalline substrate 15 material. On the other
hand0 t hebgroe essioht eaf or, fotheisngstifemsawbial aied deRdetcourvpinealdine
designed so as to exhibit a high degree of conpatibility with the process
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structures. Al though providing substrate diodes i'n sophlstlca te
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correspondi ng substrate w ndow due to the continuous shrinkage of device
f eat ur esieasichihyeugh, Bpdugedinsulatingdayria ordas th ickposeRbe cepstapicesubsinate
sophi sti cated sem conductor devices conprising field effect 25transistors,
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designed so as to exhibil a high degree of compatibility with the process sequence for

forming the actual circuit elements, such as the transistor structures.

Although providing substrate diodes in sophisticated SOI semiconductor devices is

20 a promising approach for obtaining reliable temperature data during the operation of the
semiconductor device, conventional approaches for forming substrate diodes may result in
significant yield losses and, thus, loss of performance in the corresponding substrate
window due to the continuous shrinkage of device features, such as transistors, lines and

the like. For example, in sophisticated semiconductor devices comprising field effect
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transistors, the gate length has reached values of approximately 40 nm and less, thereby
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i ncreasing packing density and al so providing superior performance of the
i ndividual transistors. Simlarly, the wwring network, i.e., the
nmetal li zati on systemin conbination with an appropriate contact |evel, has
to be appropriately adapted to the increased packing density in the device
| evel of sophisticated sem conductor devices, thereby also requiring

contact el.er d et al features of.reduced | ateral dinensions. At the
cane 11 ngeepnae R RO, MR R e e R a8 et | Tabs SR iuel o nay
have to be reduced %p_as_to.gorrespond_to t he reduced | ateral di nensions.
During t W&SEAYP g‘é‘ﬂ‘ B> dfe MEHRRBE OBl ¢, the mactalligfongysieac iy fambigation; al and
the correspondi ng contact elenments fornmed therein that connect to the

cont act WHB&S 2pproprigie senpedatldrota basadopiatdyiatamedvetht sycrand! dukingg t he
10 fabrication of the nmetallization |layers of the conplex netallization
system dnpityimalhctdevot [wet yl opiptiexcp sociess@siorsiveieqshdreliyhagr aphiing
processes, deposition and patterning processes, have to be applied, which

ey Be vemnyacs eRgichisvadigedintaionebahddusell fass JiRRRIsAPNY @ sth€time, the
sem conductor device at a specific manufacturing stage under consi deration.

I n partigllake @MeidRiEheladfIoNahiipk %el%§(9§.zll?e$/sl?ﬂqu.b%. 1%83!14\/(-\%}"5'0”2% [process
15 have been |dent|§|ed to cause signiticant irregularities en formng
contact el ts and netallization |layers,. as will be described in nore
det ai | V\(li%t[ %gf?c&dz? glﬂec%egl‘tlacgaﬁtaﬁﬁ unrnsmnsy %leﬁ?gblﬁ}f: éahncgt&%b%ctoin@é} lle)\;elF,”.pu strates
a cross-gectional vi ew of E sem conduct or device 100, which represents an
501 devi'Be NelioidempliEaia (he canysperstg radact slegigpistipaned thorin fat onesir i ed
insulating layer 103 and a silicon-based sem conductor |ayer 104. The
subst r atte 91 catiyclr eispegdntheaseiicpobricstbstdr atreuiandemehas anc alvping sés  a
crystalline substrate material 102, above which is forned the buried
i nsulat i falridagiperof 108mewtiation aiytypifahd bymplerprdtgtchRh Skincapldhiexisde. As
illustrated, in a certain device area 110A the buried insulating materi al
103 and ehe serpieonivets, Is lael ar: t i YaiemRY.e¢ N order
to 25provpﬁe any cﬂ?cuit blgﬂgé?sgﬁﬁb{lgﬁdgéﬁ%g&égggb%%%k &Ftﬁ?%gﬁﬁé
crystallj. b te 1. Jal . reviousl.y indicated, . the.device
area 11 %%éﬁé%égg ereT? rgegtj “fhigﬁsm E§b§e¥¥ astuéélvlv}" % %V\t/ﬁ%mod' efdg ?Lt“gﬁhent |y
used for _inplenmenting a plurality of substrate.diodes 150 in and above the
crystal Ii?%og'g%ﬁ%sp& althg %"‘E{%?'}@Ft‘)?o@v\‘rﬁet Af i cReFt eV iariadng sge evfler e
ot her hand, a device area Il OB conprises the sem conductor |ayer 104, in
and abovensigerghor hinchardgilar, epvemaistial wpevilopraeessesdasts! asa polithing proetsed
transistors and the |ike, wherein, for convenience, a single transistor
el efent hagobeen identisdrtiatadeisipnfigur grekularities whés fdindoussed: aloaxets aidh
sophi sticated applications, the transistor 160 may conprise a gate
Ie| ect r odectslticaleinungerd, 61 whidvt ngcabgaihendeagiall vath appasivataly) 40 nm and
ess.

Figure [ schematically illustrates a cross-sectional view of a semiconductor device

100, which represents an SOI device, since the device 100 comprises a substrate 101, a

20 buried insulating layer 103 and a silicon-based semiconductor layer 104, The substrate
101 may represent a silicon substrate and, thus, comprises a crystalline substrate material

102, above which is formed the buried insulating layer 103, which is typically comprised

of silicon dioxide. As illustrated, in a certain device area 110A the buried insulating
material 103 and the semiconductor layer 104 are at least partially removed in order to

25  provide any circuit elements in the device area 110A within the crystalline substrate



10 Furthernore, the transistor 160 conprises drain and source regions 162,
wherein at | east deeper areas thereof have substantially the sane
configuration, i.e., dopant concentration, as highly doped regions 152 of

t he substrate di ode 150, wherein, however, the doped regions 152 are forned
wi thin an appropriately doped well region 102Wprovided in the crystalline
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have a SI ar conflg % on any gfaln and  source regions of transistor
el enent's g’f’“‘? AVEPLYY dhdut TWP Y UEssh é‘@ﬁﬁﬁéﬁ“@@&6P{L’r‘1@“t’r0éﬁ§l?%lta¥5>rd19@@ For
conveni ence, any such tranS|stors are not illustrated in Figure |I. In the

exanpl e Eﬁbwnmdvﬁﬁv@ﬂ&ﬁsY%@bﬂCmﬁ@Hﬁ@ynMthé@énﬂtamlm$@hanne@1tHHhsD@tor
and, thus, the drain and source regions 162 and the highly doped 20

regi ons the2tlree pried endeviNedopetl (i gbopdses ik earibinattoomywd T, anait kiype dopi ng
in the well region 102W the regions 152 may represent the cathode of the

substsr at ehidh otesit HefenOard Remed hekh RaBehhidih el 1dARe6ks 8118kl 33 PRy form a
PN junction 102P with the N-type wel | region 102Wand may, thus, act as

anodes 81 r _ Justrated, in view of
redUC|ng%égﬂ§g§¥9§%§?§ﬁ<%%@g #%gﬁgﬁﬁﬁfﬁﬁﬁmﬁﬁﬁﬁékk§ﬂ%% and 150, 25net al
silicide regions 164 and 151, respectively, may be provided in the highly
doped regions 162, 152, 153, for instance in the formof nickel silicide
and the like., The cath de side, Le., the region 152, and the anode si de,

i .e., the reghbfisasacd 30qvedn Rorlisiitiesk wphisasies. totransisiedisratioed iyisa
portion of the well region 102W above whi ch portions of the buried

i nsul at imgate pesfrodo3iragidret el Seving ongaie tlorgth ay epprd@inacle 4ir omi dedicsas

i ndi cated as 103D, 5 104D. Depending on the overall process strategy,

addilOi orfalrthemb@e] @b siansisioh |66 camgats dhhial@atsbince MBS B2, wabre@l 8Ckipde
material, such as polysilicon, and the Iike, may be forned above the

porti 0”&&3&&4 Rreak tth&BAUde SiMsthenP e ARREGh AL §Dat,, d'oBanQ Qﬁ&nﬁ‘?ﬁ? S, the

portlons 104D may represent an |nsulat|ng naferla i.e., the re5| tues of
| at t th I
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structures are not shown in Figure |I. Above the device |evel Le., the
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t her eabove, such as the transistor 160, and above the substrate di odes 150
wi thdn tdhglesiel/ﬁOcenea[r datiet Oymmise highly doped areas 153, which have a similar

configuration as any drain and source regions of transistor eclements of inverse
conductivity type compared to the transistor 160. For convenience, any such transistors
are not illustrated in Figure {. n the example shown, the transistor 160 may represent an
N-channel transistor and, thus, the drain and source regions 162 and the highly doped
20 regions 152 represent N-doped regions. In combination with an N-type doping in the well
region [02W, the regions 152 may represent the cathode of the substrate diodes 150. On
the other hand, the P-doped regions 153 may form a PN junction 102P with the N-type
well region 102W and may, thus, act as anodes of the substrate diodes 150, Moreover, as

tllustrated, in view of reducing contact resistivity of the circuit elements 160 and 150,
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metal silicide regions 164 and 151, respectively, may be provided in the highly doped



15 contact |evel 120 is provided, which may be considered as an interface
for connecting the circuit elenents 160, 150 with a netallization system
of which a very first metallization Layer 130 is illustrated, for

conveni ence. The contact |evel 120 conprises one or nore appropriate
dielectric materials, such as a layer 121 in conbination with a | ayer 122

provi ded,.for i-RStan in the formof silicon ni.tride and silicon dioxide,
respectigg%§§1620f%%g$%ﬁ%h5$?§flPﬁg’@Hﬂf%@fﬁfgvgvdiﬁﬁﬁwb Fiéh%c%gﬂghct

el enent s . gaa,_ﬁg3;3 thg} cgnnect to. the d@ped‘sentgonductor regi ons 152,
153 on t H&Sdife RAABYRE + dradietlode sidohtuledrgiprdi dnig Gagh st rde1 04,
such as the drain and source regions 162. on the other hand. The contact

el ement s Y0 seppdedbapogivowil dedvelhregive F08Mmlfveanclapptiopr éfabebeanduct i ve
material, such as tungsten, alum numand the |ike, possibly in conbination
wi th 95appurlopnd &yer t@naulcthi venkandiicer gk d0i alsprosided, @sindickanbynimtri de,
titaniumand the |ike. The netal lization |ayer 130 conprises any
appr apri 804 difepesding @@t @bl RbcdiBRthikbal SiddflRR ASidal: kg & £ChfI €
materials, which are to be understood as dielectric materials having a

dielectr Jii@le@t‘?i@%tu?catialOém@!c&ro@i@ ﬁndt&ﬁﬁ’ S(llr:]lg f1§: gﬂgaﬁq?&{a%gd %glﬂig? n-Pé(ty %tEE?EiElﬁgl’ or e

materials, such as etch stop layers

netal |i B3A are vided in.the dielectric materjal 131 so as to
connect ‘?’%%% H{e% @6&%’%@%&‘ elgré}?flyl‘l”?‘gﬁ O 4ARFraterbthab i flehasss, ORI | e

met al Iig$i£1338 connect. to the contact elenments 1238 in the device area
1108. The*hblgy renreReat qigpilatingagatand. ¢ ¢ pihe apsiducs ofiselasied sofctwop et aen

conbi nation with appropriate conductive barrier materials, such as

t ant al unyPisd{anioanem ini thd demiveddedier lidee. 104 in ofte ®ertcatdudtloradevi ce
100 as illustrate in Figure 1 may be forned on the basis of the follow ng
prodéss stresioading ddiecwedibny egicmicdQRWoofedifie, ¢f ¥ed abdicnghgHhst rahed
material 102 within the device area 1 10A nay be formed at any appropriate
manuf actdifelG:1dbeds,adRh ds- B tradBOR; FI8HMATHE AEN LSRN, G AGEL Vi F &L, 0NS i N
t he sem conductor layer 104 by perform ng nasked inplantation pyocesses. To
this endy,a;dd a,8Nek oy..i ol tion.process is perforned to inplant the
wel | doggﬁﬂug%ggygg%ngthﬂr%%%@n”]gﬁ@&?h?ouéﬁo¥£zﬁq s B8 4fid @63 and
into the crystaLIi,e‘sﬁgstrate‘nater'al 102. In other cases, the substrate
wi ndow TTORCRENCBRLEY Yy HEFHiang CUByT pleBgndi Rigneshthaishr st ihgrcabavectichisk so as
70 to etch through the |ayers 104, 103, thereby exposing portions of the
subst r at'B® HaREFPallod.omdnione rihe pebsgelsi dedesr B3 WO Vi deviger servihgat he
portions 1041), 103D In other cases, a corresponding etch process for
expdsi ngopert lewrls 20fis pheidedt ehicalmaddR aintikited than anedade thOAmmayiehe
performed after form ng correspondi ng gate el ectrode structures, such as
the gat eirelieelcheds BI0[ USH Wil al®diaOfzatifie sfstansdist@en 46Qry FREHRAfEATon ANy
appropriate 75processes are perforned so as to conplete the transistor 160,

ther eby |pRF fl90 M Misirated, for convenience. The contact level 120 COMpPrises oue or more
appropriate dielectric materials, such as a layer 121 in combination with a layer 122

provided, for instance, in the form of silicon nitride and silicon dioxide, respectively.

20 Additionally, the contact level 120 comprises contact elements 123A, 123B that connect to

the doped semiconductor regions 152, 153 on the one hand and to doped semiconductor

regions in the layer 104, such as the drain and source regions 162, on the other hand, The

contact elements 123A, 123B are provided in the form of any appropriate conductive

material, such as tungsten, aluminum and the like, possibly in combination with

[R]
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appropriate conductive barrier materials, such as titanium nitride, titanium and the like.
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appropriate inplantation processes for formng the drain and source regions
162 of N-type and P-type transistors, thereby al so applying an appropriate
masking reginme for formng the highly doped regions 152 and 153 of the
substrate diodes 150. After any anneal processes for activating dopants and
re-crystallizing inplantation-induced danage, while 5 also initiating a
dopant diffusion, if desired, the netal suicide regions 164, 151 may be
commonly forned in the transistor 160 and the substrate di odes 150.
Consequent |y, .t he giyguit Iengnés 160 and 150 may, be forned on the basis
of substantiall§ THEICHRE ecdss CurRTisAE @nY tHBFUBIR e fliction gaieringray
efficient overall manufacturing flow, while, however, a significant

di f f er endatefiplshancgnts jaavk| digestie enatetigs debich srarte de LitAsand &10Blebsic
generated. 10 The pronounced surface topography caused by this difference
i n hei ghtaleagylel Byvingna tdiglestrieraynstasud i 3 i0nasi oo, fibcantbindtioa gMitRin | @8cri N t he
further processing of the device 100. That is, upon depositing the

di el ect ringtermlk eicl asoftciralberhal:s (@ft hb&n L 1ikEV &Lt LI gr ee of
hei ght difference may stiIF é&%sé betmeeﬁg?%ggdg%icghgwgggﬁif%i? %%%8. That
is, typicald ye 4 Lat. 121, Ich | as i ] nitride material , is
depositeggghxfﬁg@§g§F§Q%¥%BW%éﬁhW%ﬁgﬁgﬁ %%%%%khcgﬁ?éé UVdﬁnggéﬁg%P$ion
(CVD) techni S haying a npr.e or, .l ess conformal deposition behavior.

Ther eaf tlgjril’?\ @ﬁ@%rtré@éérvil aldl(l"ggl,o(?’\f’ 6¥h‘€€r{1§‘tté\lr1l<':@si?hg$h‘émﬁ rithilF casiact glsmenis oxi de,
IS depost% d, &or i nstance, by a deposjtion technique of superior gap
filling dga‘ﬁi 1 dgvice greai HOBankke Alchh loendiis. plddsme tovonllsebmatsdstheri
CVD, thereby providing a certain degree of |eveling between the areas 110A,
110B, wéepesmin drovenaion with 20pweritigi conghobal badiidif rentenide juweh heitghtluhevel may
still exist, even if perform ng any additional polishing processes for

i mprldvi rigntblnen wueicant tisulilfeace t opography. After providing the dielectric
material 122, sophisticated |ithography processes are applied in order to
forman appropriate etch mask, for instance in the formof a hard nmask, a
resi st mask and the |ike, which may be used during the subsequent

ani sotropic ~h . for.. i.n ough 75the nmaterial] 122 and
finally throﬁfgﬁqfﬁg%#g{ig‘?‘i‘g’?kf;?%g‘ﬁé@‘f%r?l% ‘Pﬁg’v’“ﬁ%ﬁ INDAE [Pkﬂlﬁieo‘ élgibaﬁé 164,
151. Thereafter, the contact openings are filled with the desired
conduct9&2%hﬁﬁg?7@§,WEE§§PB?§g¥n Bhﬁ?ﬁdF?BH Wﬁyhoét@bﬁﬁﬁ@ﬂﬂﬁéﬂ@é¥%¢er

mat eri al , agﬁﬁany,excess material thereof is renoved by chem cal nechanica
pol i shi MEFIEEUHY2 Wilhey BF deproess d | pamardtedoundsaa any apivepridaptedasioriag t o
also reliably renmove any netal residues in the device area 5 Il QA having
t he [P eduteed igl.obmh thenighteotrespehding mcdey iqongen eeatehonmduaet Ugengod pansi st or
el enents of approximately 60 nmgate | ength, a corresponding difference in
hei ght Iperfelmingamasied daprebyn | prd@isscshagob@gnciake Righné R r&onapEsLALL on by
providing the dielectric material 122 with i ncreased thi ckness so as to

gener al biodakis RAYARLAGEIQflah ife RRN- A ALIBL: JEROSLLLOT0 PRI QN nPOSST B! Y

in conbination with the leveling e
layers 104 and 103 and into the crystalline substrate material 107. In other cases, the
substrate window | 10A may be formed first by providing an appropriate etch mask so as
20 to etch through the layers 104, 103, thereby exposing portions of the substrate material
102 within the device area 110A, while preserving the portions 104D, 103D. In other
cases, a corresponding elch process for exposing portions of the material 102 within the
area 1 1OA may be performed after forming corresponding gate electrode structures, such

as the gate electrode structure [61 of the transistor 160. Thereafter, any appropriate

]
)

processes are performed so as to complete the transistor 160, thereby performing



10 process, while the renoval of any excess material of the contact

el ements |123A, 123B has been perforned on the basis of process paraneters
in which a high degree of "dishing" is achieved, i.e., a superior renoval
of netal conpared to the dielectric material 122. In this manner, the
excess nmetal of the contact |evel may be renoved efficiently fromwthin

t he devi result, in a heigh
dlfferengéjgégﬁF&%&ATgMg igg%fﬁﬁel(ymﬁgﬁ¥?ﬂ*gﬁﬁub$ﬁﬁxﬁﬁn gb%@e?%§ﬂ¥¥ﬂ t he
netalllzat n Ia 130 is E depositing the dielectric material 131
based on® @*Qﬁp @ﬁ**%? thee d@PygheﬁydPWQHH@%M@@“ﬁy feEmgdpt Brmingg of
the material 131 based on so hlstlcated | i t hography techni ques. Next, any
appr opr i Beclisinaines vesipay dp ﬂﬂﬁdpeﬁﬁdhténbﬂwghdmﬂysnsOde@b®1dewumdlIomed
by the deposition of the actual fill material, such as copper and the |ike.
ThereaftmmcuﬁmwkexweasmwzmamakendaJuwgan@n@waﬁkbmuaﬂﬁh@ﬂkuahﬁag,aﬂﬁklZatlOn
techni ques, such as CWP, thereby also requiring the renmoval of the

conduct i Meo matistigal Somdrk ki iRk e 1 @M 68 @k %%lﬂwﬁvldm<%sw ey 638 be
di fferent height T eve (110D) . Cbnsequently, upon rell ably renDV| g any

metal r e@dlﬂﬂ@t@l#%ﬁﬂéd"h ik ahfSof 40 %‘?dl%eﬁbgtfag@dlé)%csml% ! Egﬁ&%&(dg@ggﬁt ton in

t hi ckness of the netallization | ayer evice'a

result, duc nce 0.a | i nes 1333

provi ded @:&égﬁ%“ ‘tw“‘“dl IdB‘ﬁ“ GUJ?’F‘H% 51 ﬂaﬁ@ of B *‘s‘ﬂ%%‘%kl%ﬁl@epmwi dual
circuit elenentg,‘Lateral feature sizes and generally the thickness of the
met al | i Z35ED1S1 GYEPY PR RS D VE < TRGeH e vagh pravg facmsing ékvawlelu hawever, a
technol ogies using a gate length of 40 nmand |ess, a thickness of the

met al | i zagwbepnt ésfgnumfs@n hreighbleva beavesh i devicorader | 16f RghioBudecasatthe

hei ght differences 11011 or 110D, which would, thus, lead to a

non-lalc cefltearbeoumeeigathet ipokn@s s calsed betl f’@a&ﬁﬂcirdné@hi I%HL%&%TS 3l fha& he
device area 110B after having reliably renoved the excess naterial in the

devi ce at@a: ihLOA [t hf'&efuﬁhhﬁuﬂﬁ@ﬁv1tl}£yﬁttob@srs1n'g,'?)(Friﬁ g e ’I{hdé i lﬁ[}ﬁﬁs of

the dielectric materi al 122 of the contact |evel SO as

reduce t gh m si n ption, since
signifié%ﬁ?gsg?p% %%Hg TRy %@gﬁPgﬁg&nmpag%gméﬁ’rpgﬁ‘ﬁgt%éVﬁﬁﬁék°¥bé%ss f or
fornlng th nt s 3A 1 for instance,

S oni 17 die ATGATEafpra k3 Geatn g HeReAL0R SpeHsdepERin t he
contact |evel, thereby contributing to significant substrate-to-substrate
vari at i 6h& masiad dglietiichyas 4 wligoienivotyeateriohas deappitehoh, ihe ppiical biasma
conprom se of CMP paranmeters 15 and thickness of the levels 120 and 130 may
be dppl icabancathichenichowewe g paitgingiti D caolinigueababinkid ymoexbstess thabmany met al
residues nmay renmain in the device area 110A after conpleting the

cor r espairgbsigopothstirngTRiraaRsSthel MatAkiS1 £AS8s iAsBRAKATE (RATHS) BF s34t
circuits between netal |ines 133A nay be created, thereby at |east reducing

per f or mRGeedof s t@osikast &ahﬁta%@dl bﬁig)o@x'floﬁq!:"&fn e olcgu ln%{‘ Udf atl’ ngqrg; of

one of these devices. Since 20 re eratu e da

depend aqn.the, diod aragteristics, a rq?z t|o in the re% b| or
degradatq%% of° [g?ﬁggﬂ%hce%ofd?ﬁgysWBg??a Bdﬁﬂ AMRRACEp N pﬁbd@ %6
5|gn|f|cantd¥5eld_lo§§es an /or reduced functlonalltébof t he sem conduct or
devi ce PHYINNE acertain degrer o Gvglighbetyypacihp sipae L A o 08 mdgrein hogeyaus
nmet hods that nay avoid, or at |east 95reduce, the effects of one or nore of
t heﬂ%r ol6EEHB D,lc&)@hg{ﬂfqleé@c abbsight level may still exist, even if performing any additional

polishing processes for improving the overall surface topography. After providing the

dielectric material 122, sophisticated lithography processes are applied in order to Form an

appropriate ctch mask, for instance in the form of a hard mask, a resist mask and the like,

which may be used during the subsequent anisotropic etch sequence for etching through

]
A

the material 122 and finally through the material 121 and into the metal silicide regions



SUMVARY OF THE | NVENTI ON The follow ng presents a sinplified sumary
of the invention in order to provide a basic understandi ng of sone aspects
of the invention. This sunmary is not an exhaustive overview of the
invention. It is not intended to identify key or critical elenments of the

invention or to delineate the scope of the invention. :tz soletﬁurpose IS
to prese e - ts . in a sinplified.formas a prelude to the nmore

dot ol Lod dsdeh Sftﬁ?l%%ﬁ(ghg]tc’ SuertelBiogs g ij%léeé‘r‘.‘”uig’ééhgf% opdudiie i went

di scl osure provides manufacturing techniques in which substrate di odes may
be provi BEGPW h RTRIGHOBYRE BINduEEatRBIer ineafetile Rk 8RY enesseraRicpilocess
strategies, wherein the probability of creating |eakage paths and short

ci rcui t sthgeehvsegmoned Oy alpaticalinasnipslypobshing dGEPY, byeréinpkerengdirngetar
addi ti onal planarization process upon formng the contact |evel of the
seni conduede lgexdaped sboast i dscerdipblyhemoSe apl anasli @king:sehf e tdevike Qrea the
reduction of an existing surface topography, of appropriate materials, such
as plzanatimahing mat eElékdselo®d haRRl RRE]. atedtii&! 8StFisndBLEH @ SansBY e
used for performng at |east one additional planarization process, thereby

provi di ngeauRenk g;%%éyig]{d@tﬁf 68 lnﬂ Qz,\[tt%;]itlc,n MPAN. 0% %@gl&ﬁpﬁg%%c?é}l 1%(32(%:];. 'é(?vghs ystem

of the sem condu evice. sbnanner, . t |evel
i ndow i 5 SR BEON DB 0 68 dFfrc el Tatiitdy neeBy s dtar g undue
Bl anar | ZAFON roctls nesen QAotnm e decsdierdl ke proREss B son-
conbi nati on thereof, may be perforned as non-nasked processes, thereby
avoi di ngroafymabidinosisinalbehavidroprsaibhy inprandiesaem aish fmyetve e prdgbsed in
conventional strategies.
L0 process, while the removal of any excess material of the contact elements 123A, 123B has
been performed on the basis of process parameters in which a high degree of “dishing” is
achieved, i.e., a superior removal of metal compared to the dielectric material 122, In this
manner, the excess metal of the contact level may be removed efficiently from within the
device area 110A, which, however, may result in a height lfevel diffecence [10H of
15 approximately 60 nm and even more. Thereafter, the metallization layer 130 is formed by
depositing the dielectric material {31 based on any appropriate process strategy, followed
by the patterning of the material 131 based on sophisticated lithography techniques. Next,
any appropriate conductive barrier material (not shown) is deposited, followed by the
deposition of the actual (ill material, such as copper and the like. Thereafter, any excess
20 material is removed by appropriate planarization techniques, such as CMP, thereby also
requiring the removal of the conductive materials within the device area 110A, which may
have a different height level (110D). Consequently, upon reliably removing any metal

residues from within the device area 110A, a significant reduction in thickness of the

metaltization layer 130 in the device area 110B may resuit, which may, thus, reduce

S
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performance of any metal lines 133B provided therein.



One illustrative nmethod disclosed herein relates to formng an SQ

sem conduct or device. The nethod conpri ses exposing a portion of a
crystalline substrate material of the SQ. device and form ng a plurality of
circuit elenments in the exposed portion of the crystalline substrate
material. The nethod further conprises formng a transistor in a

sem conduct or | ayer of the SQ. sem conductor device, wherein the

sem conductor |ayer is formed above the crystalline substrate material and
a buried insujating.layer. The nethod additionally conprises formng a
diel ectric mat'8Pt Qﬁthﬁb FENE HE U dhng g vesuat piFq; %C"é‘fﬂéﬁ‘rréﬁ?@i Erenre pees
transistor and form nP_ a planarization material above the dielectric

mat er i al andrggrerbinibe dhickigss dif she otetdllézatiat dnicall 30 silspl lawapi edddpyedusiog t he
pl anari zation material. 10 Moreover, the nethod conprises form ng contact
el enent sexampldeinplcainaréged udhel eghtei lengrt&r é@Inns and@deds0 aCcOMM@Eds bOHche
transistor stor and the plurality of circuit el enents. A further

i1 ust r aicm@iaR6Negedl SEheged Jdrer 8infar Shidt 88mhehifiRE T Mgk AR S X tierences

sem conduct or device. The nethod conprises exposing a portion of a

cr Y_St al | | ngy %Pgsfbf)?t»\#%aéw%ﬂﬁi?irtﬁ%l, ééag @ J 'zlgﬁ-ta((::(%gtélbﬁ:ere {lgec Ii(é{tnggsr ?[égae

sem conduct or evi ce Dy renovin em condu ayer an

i nsul ati ayer jnt first device a.. The .nmet hod further conprises

f or mi ng %gtélhﬁ}é{?élhl‘@“d 0de tglﬁ depige fl’ief‘slﬁbgé"\;‘ieb a‘a?%ae,qmﬁheireéwe@ He &Gpstrat e
di ode corq?ri..se.s g PN junction formed in the portion of the crystalline
subst r at BaEEHRR B deviggingep dAGN YO thechtheruiand efuetheninciessing e thidknesstd

sem conductor layer in a second device area and a first 20 dielectric

mat er i al the slidlentre dnaibon el 22hef fierentaantbvele ¢dhdo devib darthcreasiuccTlie megihod
further conprises performng a polishing process so as to renove a portion
of tlife fdiffstencti él®@etndycnoratiees ipaimisind SpoabM fgecasisaeond Wdieligat hhe otateri al
above the first dielectric naterial. Additional ]:y, t he net hod conpri ses

pl anari zjgggahs U(B[ﬁ@l@@_ph@&ﬁ&fg?ﬂ@%s@lﬁgv{@nﬁih@ thd Ecﬁﬁaﬁ@f&rﬁ%ﬁﬁg%@gq\ékg%]u@r eis in

the presence of the first and second diel&ctric materia

still fuygt Fd L USE T At L X di scl osed herejn.conprjses .c nly
form ngqg’r[}g?&]bglrill(ti(“’z%gugﬁlgﬁrgael{g{?%%gg%lg ‘ar {Fsdﬁéli%il%?h H“‘%fgg 't&bﬂhﬁmﬁhﬂ ayer

of a semiconductor devjce and a PN junction in a portion of a crystalline
subst r at"8" ik g?}’% ,[ﬂWﬁl%}‘ eF N REINGe 19 cH8BERYr SHaYRI-Psubgittedvaitianbur i ed
insulating layer that is in turn formed above the crystalline substrate
mat er i alCONFHBICHRY.HBANG earvRRionebRpPasss Py rgceanpib el sotirG e Pratendtal  above
the transistor and the portion of the crystalline substrate materi al.

Mor doverapd ghigkapsarnil 2be lonls| Bpernd 83 oryed aplithewtilel ot amagarital above
the transistor and the portion of the crystalline substrate material. The
met hod fpusliabgity caigy tisesiny edeel RGides Wd26endi@RRIRARRYIBY. BT AMRE an

etch process so as to renove a portion of the dielectric 10material and the
pl anari zafhR@nk at}r{@rcorr%%lo!':rﬁn%%iﬁg lpg)\&:g.: THEHRRE) se!\lﬁkage paths or short
circuits between metal lines 133A may be created, thereby at least reducing performance
of the substrate diodes 150 or causing a complete failure of one of these devices. Since
20 reliable temperature data may strongly depend on the diode characteristics, a reduction in

the retiability or a degradation of performance of the substrate diodes may contribute to

significant yield losses and/or reduced functionality of the semiconductor device 100,

The present disclosure is directed to various methods that may avoid, or at least

I~
L

reduce, the effects of one or more of the problems identified above.



The discl osure may be understood by reference to the follow ng description
taken in conjunction with the acconpanying draw ngs, in which like
reference nunerals identify 15like elenments, and in which: - Figure 1
schematically illustrates a cross-sectional view of an SO sem conduct or
device conprising a substrate wi ndow having forned therein a plurality of
substrate di odes, wherein the pronounced difference in surface topography
may result in significant 20irregularities upon formng a contact |evel and

a nmetallization |ayer, according to conventional strategles

Fi gures 2a-2d schenatlcaléilﬁﬂéhiﬁ%ﬁg‘ SNYFNEOMnal views of a

sem conduct or_devi ce during various manufacturing stages of formng an 801
sem conduct or [ifelpileeimairpehisdi sigp blikbinaneydif dees yensive e bricatosprpeil or

surface topography may be acconpli shed by providing a planatization
nat er i al baardindarsendingi aoms sspeporofies mvagia. Chiit aghmhgvMehoofn ddheustive

sem conduct or device, according to illustrative enbodi nents; Fi gures
2e- 2f5 schematw Galthy ifvchtist r atig ner Qﬁér&@qg'l@éﬁgy %EEWS cQficad hﬁn‘?ﬁ[@ ﬂoiqguct or
device according to further illustrative enbodli ments, 1n whic e surface

t opogra . | ech.ri: rial he GO act Ievel may be
Used duf’ipﬁ(&@ﬂ(gnﬁg 5{) g%glﬁr(él?]c‘%lﬁlt sg('é[fe & 11115 At anE) sé%hslog’tllng RYSE 45 Kpresent S and
concepts in a simplified form as a pre%ude to the more detailed description that is discussed

later.

10 Generally, the present disclosure provides manufacturing techniques in which
substrate diodes may be provided with a high degree of compatibility with conventional
process strategies, wherein the probability of creating leakage paths and short circuits
between individual diodes may be reduced by implementing an additional planarization
process upon forming the contact level of the semiconductor device. To this end, the

15 planarizing effect, ie., the reduction of an existing surface topography, of appropriate
materials, such as planarization materials, or appropriate dielectric materials, may be used
for performing at least one additional planarization process, thereby providing superior
surface planarity upon forming the metallization system of the semiconductor device. In
this manner, the difference in height fevel between device areas having formed therein

20 wansistors and a substrate window in an SOI[ device may be efficiently reduced, thereby
avoiding undue material loss in the metallization system. For this purpose, the
ptanarization process, such as a CMP process, an etch process or a combination thereaf,
may be performed as non-masked processes, thereby avoiding any additional lithography

processes as may have been proposed in conventional strategies.
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Figures 2g-2h schematically illustrate cross-sectional views of the

sem conductor 10 device according to still further illustrative

enbodi ments, in which at |east one deposition and renoval cycle nay be
applied to an interlayer dielectric material, possibly in conbination with
a planarization material, so as to enhance the overall surface topography.

ter .di,s s _suscep tible to,various

ﬁggr}:gairgnieﬁkgﬁ&‘%E?%%“PW%Q'%ﬁﬁ%glﬁb@‘cgﬁetaiﬁ8aP ggﬁﬁﬁEV%HﬂmH%ve ban

exanple in the drawi ngs and_are herein described in detai
1 Cehout 4B o B B oS MO ED ST B0 DRPsHaRET oG offlsci | ¢
enbodlnents is not intended to limt the invention to the particular forns
di scl osed?! pgvicornd Wermat ¢ ahyality i’ ¢irmgnelpwents sa tioe eopaeed aloktion of the
nDdlflcatlons 20equi val ents, and alternatives falling within the spirit
and scopeyaﬁHMhsubnumﬂhkmnmas?defMﬂmddbynmhema@p@@ﬂﬁﬂmﬁtﬁhnﬁmsEEF$hhED
DESCRI PTI ON Various illustrative enbodi nents of the invention

are descgenbieshdaelodWyet Bf ﬂl@%O@iklﬂk@ﬁ@LﬁLmewRLa\l'vhélé(m tf‘@gczﬁu»}cﬂl%%q '*M}%f is0f an
actual inplenmentation are described in th specification. it wl

f h t
embod ot o ﬁ?ﬁ%&i ra et l“‘?“ﬁ’“"ﬁ?%“&a@é (ST e et o
ance Wt

achi eve er.s qﬁ S,
systen}r&ﬂﬁcgﬁ énﬂ BU%?H%@@“?gfﬁﬁggub@ﬁgﬁﬁﬁ? F%” W@hﬁﬁﬁquﬁéﬁvﬂﬁﬁﬁn1one
i npl enent ation to, another. Mreover, it will be
and the transistor and forming a planarization material above the dielectric material.
Furthermore, the dielectric material is planarized by using the planarization material,

10 Moreover, the method comprises forming contact elements in the planarized dielectric

material so as to connect to the transistor and the plurality of circuit elements.

A further illustrative method disclosed herein relates to forming an SOI semicon-

ductor device. The method comprises exposing a portion of a crystalline substrate

IS material in a first device area of the semiconductor device by removing a semiconductor
layer and a buried insulating layer in the first device area. The method further comprises
forming a substrate diode in the first device area, wherein the substrate diode comprises a

PN junction formed in the portion of the crystalline substrate material. Additionally, a
circuit element is formed in the semiconductor layer in a second device area and a first

20 dielectric material is formed above the first and second device areas. The method further
comprises performing a polishing process so as to remove a portion of the first dielectric
material and forming a second dielectric material above the first dielectric material,
Additionally, the method comprises planarizing a surface topography above the first and

second device areas in the presence of the first and second dielectric materials.
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5 appreci ated that such a devel opnent effort m ght be conplex and

ti me-consum ng, but woul d neverthel ess be a routine undertaking for those
of ordinary skill in the art having the benefit of this disclosure. The
present subject matter will now be described with reference to the attached
10 figures. Various structures, systens and devices are schematically
depicted in t r ng anation.on and so as to not
obscure the p?esg%?wgllﬁPHR&HQQE&B§§§§$5?9¥B%ﬁ%.C%P%EVEF¥mRWBthT%”Ehose
skilled in.t rt. Neverthel ess,.the attached draw ngs are included to
descri be ﬁﬁhdg§5?ﬁfh1?$Pﬁs9fétq%@wg&dﬁp1é%“BP“@H@” V@seﬁtdéﬁsépé@ﬁ¥% The
wor ds and phrases used herein should be understood and interpreted to IS
have a nB&fihgansY strmienwirth peten uride cosebdiongbsfate ogeiaondseanthephr ases
by those skilled in the relevant art. No special definition of a termor
phrase, pengcondugiodbfyemistfowredtduat birgddafll@ingrityd tiomid heuwaridinnarapoan the
customary neani ng as understood by those skilled in the art, is intended to
be i bl i agstbYine onisistanictidade hethiPitQEM@RpRBE aFRINE GleletrTaniBgaiext ent

that a termor phrase is intended to have a special neaning, i.e. a neaning
ot her 2900&/@3&& ﬁzh@mtbﬁng@t{ 3 QOBQUQQ{ o? Iﬁl LAt SRS %H’ﬁ%‘laﬁl S‘HSL%O@U a
definition will be expressly set ort I'n the sp 8¢t

definiti unequi v caI_ ravi des he speci al
definiti @Qﬁz‘gu ﬂﬁ&%l e{??ﬂ&t S%d ohﬁ e éle ccp e mate 11al w%amee %F‘g"g%ﬂ{” ﬂ}ds%? aettioa
generallé%@rOV|d na ufacturlnq Fchnkaﬁ1s in which a 95difference in
hei ght I Ghe sHal paenilealhy mefidchirhepnpemeisss redushen surfice
fornmed, and a deV|ce area or substrate window, in which substrate diodes
are forn@ECLARY b psifgiming cantitly prasderced asponethoyari ngriidneo & tut dielecttievel  of
t he SCE sem conductor device, wthout requiring undue thickness of the

di el léct rinaternataad itlal plawhizetiormiayerbe acconpl i shed by i npl ementing a

pl anari zati on process based on an additional dielectric material, such as
an organic planarization material and the |ike, wherein an etch process
and/or a polishing process nmay provide superior surface conditions upon

f th f > I t t I
Lo T Lo T e BRI PAD R SR 251 7, e !

Feiehs the i e <ﬂ¥%§!3ﬁy%c%%&ﬂa_b&%% A %%t? k%#P@PWP gcﬁﬂph?%H&ﬁPocess

rate as the interia relectric rial

such as .a S|ste etch process, reb referably renDV|ng

nat er i almé{‘) “JPR%IO” "f“g} EyEFOTYT Y Bt dr‘ﬁ“&ml:’rﬁt‘%r“fhé‘l léﬁ’dgg‘@‘lﬁ% ngagilsddgitdn havi ng
t he |ncr d height level, and hence efficiently "planarizing" the overal

surféce F@ﬁh?uhmﬁ”ﬁﬁ$s respect, the term"planarizing" is to be
understood as reducing a difference in height |evel between the substrate
wi ndow and the device area conprising the transistor elenments at |east by
one
Figure 1 schematically illustrates a cross-sectional view of an SOI semiconductor
device comprising a substrate window having formed therein a plurality of substrate
diodes, wherein the pronounced difference in surface topography may result in significant

20 irregularitics upon forming a contact level and a metallization layer, according to

conventional strategies;

Iigures 2a-2d schematically illustrate cross-sectional views of a semiconductor

device during various manufactwing stages of forming an SOI semiconductor device

S
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including substrate diodes, wherein a superior surface topography may be accomplished



ISthird relative to the initial height difference after deposition of the
dielectric material. In other illustrative enbodinents, in addition to or
alternatively to providing an organic planarization material, any other
appropriate dielectric material, such as a further layer of the interlayer
dielectric material, may be provided after a first polishing process,

wherei n Lhe supe il abl a reduced surface
topogr aphy AR %“9% o R A e TR b5 e L & e
pol i shing proces n.etch proces as descr bed above. In sone
illustra 068méﬁﬁ§ et e, %ﬁ%“%ﬁﬁpﬂﬁﬁﬁéPv$Wﬁ MW on of a dielectric
material nay be applied during a replacenent gate approach, in which a
portion of a gate 25el ectrode structure of the transistors may be repl aced
by a highly conductive electrode netal. In any such replacenent gate
approaches, t¥gicalldey’l shtrogicaly filceanf crbisescgddral eleectafote ssihidsatiung i s
exposed, for instance by CWP, and subsequently the placehol der material may

be repl agatcdyechigrgdesivrae Mat@ftivalenMod Mgy, idhichTife kiNigcaBogrh MR (g:[al ly, a
hi ghl y conducti ve metal, such as al umi num may be deposited after 't

renoval @H( inkel %Fuih&[,@tﬁghﬁtg?{ 0 ﬁﬁ’ltc%'éh ale jgng n@t@%c'%&{a&ﬁuﬁwt %Ha@ézﬁwx ’lge

renmoved by wherein So In t I's case age paths in

t he subsh%%cELWﬂgﬂbﬁ% 9?¥§F$983%%P%i ate diodes or any other circuit

el enent s due to the superior surface

t opogr aphy upon perform ng the repl acenent gate approach. 10Consequently,
circuit elenents forned in and above the crystalline substrate naterial of
an SQL device, such as substrate diodes, may be formed with a hi gh degree
of conpati bi |hlf;ylcw”u?~ h@h@@mchidmalitlm@sg- stiatabgices, ofdabe Sanidondicmce
described above with reference to Figure Iwhile at the sanme tinme the

supeili ordesurfacedingpogtil ghiyharajustagud tmbaiimesis gniiicant lciedue tepnitdh
| eakage paths and short circuits without requiring an extra 15thi ckness in

the conta@t rdneel §oE/ Rlayt hie pphseayent ifdlgtr MRIRLd 23H40N, LAYSSly in

combination with a planarization material, so as to enhance the overall surface

topography

15 While the subject matter disclosed herein 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. It should be understood, however, that
the description herein of specific embodiments is not intended to limit the invention to the
particular forms disclosed, but on the contrary, the intention is to cover all modifications,

20 equivalents, and alternatives falling within the spirit and scope of the invention as defined

by the appended claims.

DETAILED DESCRIPTION

Various illustrative embodiments of the invention are described below. In the

"]
L

interest of clarity, not all features of an actual implementation are described in this



Wth reference to Figures 2a-2h, further illustrative enbodi nents will now
be described in nore detail, wherein reference may al so be made to Figure
1, if required. 20Figure 2a schematically illustrates a cross-sectional
view of a sem conductor device 200 conprising a substrate 201 in
conbination with a buried insulating naterial 203 and a sem conductor | ayer

204. As o strate 201 t he
insul atir LE%%@@@ ZBgéﬁ g%ﬁﬁgcgéd) Lu Flvgvz¢ﬂﬁgfl GO%EWﬁ@féF%%H to as
an 301 dev wherein the 501 conflguratlon may not be provided in sone
devi ce 25‘5!’%‘@@“”%&8’%%‘5 ATRE i%?&é“'aﬁéawmﬂwwﬁ%ﬁwﬁ@a&% 8¢ 1% pachigrelieed to
as a substrate window, as is also discussed above. On the other hand, a
substrat@“@k@@SZIUEHKnaVﬂ%éU@Gﬁ%ﬁﬂ@be@%asﬂﬂmSEMEmawmmqEmhémenmmennwdlt

el enents, such as a transistor 260, nay be fornmed in and above the
senicondunEmMnBawethGALvﬁm frdre oot hepldnanditiothe dnayher. s M2Q&xrand: 204 baay be
renoved, at |east partially, in the device area 210A, thereby exposing, at

| easts dUEli[‘Jpn@:lcﬁﬁr tiat Buchoa RBAUSAGEMIIIRG: A0SR, cotnfby shdli IT!LQ%H§HJH§I) rafe
material 202 of the substrate 201. The substrate material 202 may conpri se

an appr 0@5&1[@:%@1@&1@%@?5’0 YRk Lm[ ﬂgcll@ﬂa%g%wmb& A’FU &1“ 1@1' sgm . t?oﬂfpavu gtélons 252,

253 of inverse oplng may d as a rcui 250,

whi ch, i ratlve enbodlnents may represent substrate diodes. In
this cas%m§gﬂ§k%lC#%(BHe ghly doped regions 252, 253, such as the region
253, may forma 10 PM | unction 202P with the well region 202W

Furt hernore, the dopant concentration and the basic dopant profile of the
regions 252, 253 may be simlar to the concentration and profile of drain
and source redﬁbﬁﬁumfSmmgnsngﬁmngﬂﬂnwnbdcmnA&hé\@dﬂHﬁ@ﬂMmmbahLMayEmd204

For exanple, in the enbodi nent shown, drain and source regions 262 of the

t rangi stiegmc%o Vaajoubasteicanral, niybiais chﬂf Hgutat hensasmiahenlgopgdete€ghons 252,
while the regions 253 may 15 have a configuration simlar to drain and

source r@giviRs (afpusRBSHBLYITalbn bAYSLE&o G
nmet al S|I|C|5e régﬁ%ns ZSZQ%aﬁ' % grﬁe °|n@?Hgg&%%%xt&ggﬁﬁﬁgggéga“ 53 and

Zmétzal Si e gl ag q{kswgﬁl}mg&/)ﬁ tgel 1235%@%%' tthe zupr Qi‘wuﬁxcgesssqtl‘j{ afache lons

drawings are included to describe and explain illustrative examples of the present
disclosure. The words and phrases used herein should be understood and interpreted to
5 have a meaning consistent with the understanding of those words and phrases by those
skilled in the relevant art. No special definition of a term or phrase, i.¢., a definition that is
different from the ordinary and customary meaning as understood by those skilled in the
art, is intended to be implied by consistent usage of the term or phrase herein. To the
extent that a term or phrase is intended to have a special meaning, i.e., a meaning other
20 than that understood by skilled artisans, such a special definition will be expressly set forth
in the specification in a definitional manner that directly and unequivocally provides the

special definition for the term or phrase.

The present disclosure generally provides manufacturing techniques in which a

[S]
L

difference in height level between a device area, in which transistor elements are formed,



201t shoul d be appreciated that the conponent described so far may have
simlar characteristics as is also previously discussed with reference to
t he sem conductor device 100. In this case, the circuit elenents, for
instance the substrate diodes 250, may have sinilar configurations conpared
to the transistor 260, for instance in terns of dopantdconcePpLatlfn, ]
confi gur at,j L0f. . the Al SUl ¢ regi.Qn: 4, 264 and the like. In other
75casgs. ¢ Aqslice o TR G880 L AW S8 E Mol St Mimiel Biov % ences
in configuration, for instance when forned on.the basis of at |east sone
di fferen g$ﬁS%@§%”%F%ﬁ%“%%h§%W8@ WB‘PH@‘?ﬁﬁﬁg?gﬁﬁr$€q%Wﬁﬁ@gmé@OFmPFQ
desired. |t should ffirther be appreciated that the sem conductor device
200 may Wéb‘i’%é‘%%t“‘l%g SbiH Stokaese o tekedicisetricrivttadiinghichdnay buadcouiptisluidt

el enents, such as the transistor 260, that are fornmed on the basis of

criti cal by Bnglemengicongaofriz200: por@ndadedss aandditiondlidifityris ophiriat, isodt &d
applications with 40 nmand | ess For exanple, a gate electrode structure
261 Of tdheotsnaioishaya2BOnaeyalhay ehdaligathelengh Bichhridgs akwver sRasidi ed
range. The sem conductor device 200 as illustrated in Figure 2a nay be

formed opothe ma%%r@ﬁﬁj: §L_1g9—:frio§“@M'[’a@9QBQCmiin?st ‘ﬁjoplr[' GERS uRf \Fé?-§/ P9 ’métﬂfiz&tn)?j\t ance

by using processes as discussed above with referefice to the sem conduct or
devi ce 1 g, hat .S -ﬁ % appr priqtg mnuf act ur.i n ws?q&g Lhe substrate
wi nlow 200K S BTkl Yy PRENB NG BB} SRUO I Ee S04530s
based on any ropriate skin% and .etch regime, thereby preserving
porti onsm@%ﬂi?[gp’@é%bﬁr?ﬁ?o‘? RS P llg&Rfﬂ%%gﬂ%il el g pishailar
substrate material 202 15 within the device area 21 OA. Depending on the
overal | §floeusgs sha wtaliyer dielesigsmasonansopgbmmingsantich lpeowss, cuth aelenent s
250 may be commonly formed with conponents of the transistor 260, such as
t he 1@r ai masamd asouet ewhegicons, 262¢gngrefhebldopadvirRgnansials2. h&fiheflayer
conpl eting the basic configuration of the transistor 260 and the circuit
dielectric material above the device area having the increased height level, and hence
efficiently “planarizing” the overall surface topography. In this respect, the term
“planarizing” is to be understood as reducing a difference in height level between the
substrate window and the device area comprising the transistor clements at least by one
15  third relative to the initial height difference alter deposition of the dielectric material. in
other illustrative embodiments, in addition to or alternatively to providing an organic
planarization material, any other appropriate dielectric material, such as a further layer of
the interlayer dielectric material, may be provided alter a first polishing process, wherein
the superior gap filling capability may result in a reduced surface topography, which may

20 then further be reduced by performing a further polishing process or an etch process, as

described above,

In some illustrative embodiments, the additional planarization of a dielectric

material may be applied during a replacement gate approach, in which a portion of a gate

o]
wn

electrode structure of the transistors may be replaced by a highly conductive electrode



70 el enment 250, a device |evel 220 may be fornmed which nmay conprise any
appropriate dielectric material or materials, for instance in the formof a
dielectric material 221, such as a silicon nitride material, followed by a
further dielectric material, which may also be referred to as an interlayer
dielectric material 222, for instance in the formof silicon dioxide and
the |ikeg.dhe r ” on t he 1
95approppvgte[ga&lsf?bgﬁaﬁé"agﬁdﬁézagﬁxhﬂghﬁgﬁcpre&L%@%V“Eﬁ%éﬁds%éﬂcmnth
ref erenc 8 e 100 eposi g the materi al ertain

t ar get h§f9H§°5%&@““2§0iq¥”ﬁﬁﬁog8”8@f£$ﬁﬁﬁg§ aﬂdéHW%ﬁW€“yWH?@'wHﬁ§‘
selected so as to provide the desired characteristics of the contact IeveI
220 durlﬁﬁ“f%b”@ﬁpfhé?mﬁﬁd&é@@ﬁh@“ﬁ*mﬂﬁédb@hﬁ@bh@bctb?ﬂﬂ%vm%éYQGGW,Bn t he
exanpl e shown, the height |evel 22014 nmay be considered as a target height
of a corh@bbdﬁ@dwgn@unﬂab@u@fdih@wnmnexmayb@Z@pabmdeﬁ&hdunnmsﬁaﬂbﬂme
substrate material 202, thereby providing a superior global surface

t opogdr appiyicchGhies egeeint Jn}(l. aipeNreslepagiiili gy bhecdbellast CMp, RakeLd, also232, an
initial layer thickness is selected such that the target height |evel

2201-1 nmys bee aﬂ?‘@h@rgnt‘é&i tlcﬁkﬂrca&bf hd l‘ﬁCLﬁ§§LﬁQa%%1ﬁ§m@ ab&ve @199 el Pues

substrate w ndow 210A. Figure 2b sc hemat i ca ustrates t he
sem conduc % ( | arned.on the
di el ect ri&lcii %01@& !,1 (,%étzxggm%tts hﬂ aﬁ(é ?{%&{1&1‘% dV 1”[3% é|u(, gﬁélz ‘hﬁ&}"‘H@ b[Tu Wf’d ed in
t he forn1of an ani naterlal such as yner material, resist nmaterial
and t he OP%éap F%Hpﬁﬁ?“ﬂ@“&ﬁﬁFP@ﬂa?%“émF&RPVFQEOUS state, for 15 instance
on the basis or spin-on techniques, thereby providing a highly

non- conf or mal depositi on behavi or. Hence, a substantially planarized
surface topography 205S may be obtai ned upon applying the material 205,

t herléby providimsgienily,ncireas enanpufitimed imaber iaabveakiav eryshéindesiberaiar ea
210A conpared to the device area 2103. It should be appreciated that many

pl anari zahtegal otah SO alsicar &ichviakhiabhe AatsmaYy be rysrd & hﬁwh%@%@%‘[ zation
materi al 205, wherein, in sone illustrative enbodi nents, naterla

conposi td alt fiatesiBY 0 red to
coTPOS! LSRR BEISSheGH Bl ﬁg&%ﬁ??‘?@%‘%’%h@ oo BLeE A EOFRE, °F
i nstanc d e etch.rates of varlous

bl anar 35 f%ﬁ@ AR e PhE ahF TR ans POt 8 Fﬁ%i@@owpe& By Pirahdn and

may, thus,, be sel ected so s to copply with the etch rate of the dielectric
75mat er iafiE8BBAR NG op! E%%1€%1?é6?ﬁéoﬁﬁdéﬂﬁ%dﬁgpéb#%WNﬁﬂ aFgkther nor e,
etch _paraneters may be adapted to the etch characteristics of the

mat dPi allBickEss iptho comadsleret andgoroht aivequesi fidst awctadizobion ktyer. 1t shoul d
further be appreciated that characteristics of the material 205, such as
chem cal resistivity and, thus, etch resistivity and the |ike, my be
appropriately adjusted by performng specific treatnents, such as radiation

treatnents, heak teRALIRHUSARA 2608, iR iRESSEDS Xlﬂb@dﬁﬂﬂ@ Wf‘lﬁ '1%@ wth the
i ncorporation of specific subst ances, thereb y providing a egree of

f1exi bi |d'a,§<)(lb‘cpzlptthQPU(Qhﬂ?\)\ﬁ]@ﬁn{jﬁ?&{lﬁg n?c[}ecmocl?tl mggc,ht% 415?&10?]: 1[%&1%11@@ erial 205.

20 Figure 2a schematically illustrates a cross-sectional view of a semiconductor
device 200 comprising a substrate 201 in combination with a buried insulating material
203 and a semiconductor layer 204. As previously discussed, the combination of the
substrate 201, the insulating layer 203 and the semiconductor layer 204 may be referred to

as an SOI device, wherein the SO configuration may not be provided in some device

1
n

areas, such as a device area 210A, which may also be referred to as a substrate window, as



Figure 2c schematically illustrates the sem conductor device 200 when
exposed to 10 an etch anbient 206 in order to renove the material 205 and
any excess portion 220E of the dielectric material 222. In sone
illustrative enbodinents, the etch process 206 nay be perforned as a pl asna
assisted etch process, thereby providing a highly directional naterial
renmoval , ;Wi i, mat e removal ,
even if ?ﬁ@”ﬁ?%ﬂ§¥gfég“§#3§ﬁ@qﬁ§f§€m§|s g§gﬁ;m8¥2§§iWﬁ§pgf98H[ Hi%f er
fron1eac§ f l llji({)remated that a plurality of pl asma
assi st ed” @ %‘I‘Ta ‘%&(ilblgsculﬁagé&“b‘ﬁmfi” SR Y ey ‘Wléb‘ar“émé&}é'ﬂ F‘&%P‘é{)"fcor

et chi ng ?I|ICOn di oxi de based materials, wherein the renoval rate of the
mat er i al MoeeMirgyduséordayaisfed Caghasgthephasd. herlgyesi 23 ad 204 mayeba wroved, rat e
of the material 222. For instance, the renoval rate of the materials 205,
222 may di khsrpasialbppn ok rrhivéieyzu‘&@%lﬁh, lesshy whpshemay (bet dodagpkitsihed by
sel ecting appropriate base 20 materials for the material 205 and/or

adj ust i ngatufectahar aetey, istheslion {herhashacefl asdut jenalbsthgatigentigand/ or
by adj usting process paraneters of the etch process 206, as descri bed

DO 1oRPReAUELI b Rl hltint €Y Shy SRRt TNPRANALT SH UL B o

area 210A, which may be very m | ar I eve obtained in the

devi ce d.ustr : diff nce bet ween
the. et ghey cbard R P 503 T @W@%Wﬂﬁ% e 68T A
differen e of gh& E@ |al he| Q | evel s 2201 in the area 210A and 220C in
the ared %Eﬁﬁs HEH & %%W%g P%%Pﬁﬂ%@mﬁﬁﬁﬁﬂ%‘ﬁ%#ﬁﬁéﬁ“ﬂﬁﬁP8V@%€Hﬂkﬁay be
acconpl i shed by, for instance, also planar|2|ng the material 205, for

i nst anceNByis &asw per plobe Srihhgdared cegsnsatid, £5ib shiclkes, the herebls acoyrptn shi ng a
superior surface topography upon performng the etch process 206. Moreover,
t he i@ f &Y gmegobadWeenhtthewhBirghidn RE3ME| §FuRB0indle, (R2O4Bnneoncbereichiaatient |y
reduced by appropriately adapting the etch rates of the materials 205 and

222, as thié 564ic 86shn@ R Be of the regions CONSBAURRY bY sinkilg «f Wid ALeREREESEHNT MaY
be contlnued on the basis of superlor process conditions for formng

cont act pf?(l){‘?lmt&mh Andi 8{11‘69%(@8&% 1sl%|¥ﬁobo§{ilxgd Rl s%lm&nﬁugtgl Lalbization

system |gure schéﬁatlca y rates B¢t of  devi ce

ol emont 2o SR ae”lﬁﬁ%%naat‘?ﬁ?%tﬂi”'&f'?%in R R

dielectric terlal 221 so as to connect to the circuit 15 el enents 250,
i.e., tPhvEet SPIEE cppiigrayayiohs dead remorsd2iZa vnle the yesiensl 33%emeubst r at e
material 202 within the device area 210A. Simlarly, a contact el enent
22313 mayvper ﬁ@'@[\l@td@ld)n ninive tHevive adeso2dOERism a$ tosconnedt inverst he
netal silicide region 264. The contact elenents 223A, 223B nay be forned on

t he basicsndfctiany tappripthicahercirarufl aticuki Bgost L&t gy, bewbaned h 1dupk@ the
superior surface topography of the dielectric

regions 252, 253 and metal silicide regions 264 may be formed in the drain and source

regions 262,

20 It should be appreciated that the component described so far may have similar
characteristics as is also previously discussed with reference to the semiconductor device
[00. In this case, the circuit elements, for instance the substrate diodes 250, may have
similar configurations compared to the transistor 260, for instance in terms of dopant

concentration, configuration of the metal silicide regions 234, 264 and the like. In other

Q]
h

cases, il desired, the circuit elements 250 may have certain differences in configuration,



70 material 222, any conpl ex processes, such as |lithography, patterning
correspondi ng openings and refilling the sanme with a conductive material,
may be acconplished on the basis of superior process uniformty. For

i nstance, the thickness of the material 222 nmay not have to be sel ected

Wi th respect to reducing overall surface topography, as nmay be the case in

conventi %}arhstaﬂc(:QJ‘[}%Q![’&%e,dtJfﬁet[nﬁBXsiﬂgfoa !lﬁ?\iste nf c]hftéecébél%h%ggﬁﬁsccﬁggm | (?ft Iy, in

appropriate for passivating the circui enen seque

particul ar, .the conpl ex, terni ng ,of .contact .openings may be conpl et ed
with supg%i8%“%%??3?ﬁ¥?9.8§inﬁlQF?%?'tﬁ%sggggsﬁ?'%htﬁa@mﬁg¥ﬁﬁﬁéﬁ@e “and, in
particular,. the rempval of any excess material by CVMP may be acconplished
Wi th supiigpndietor eéﬁ@ymghﬂwﬁnFW6ﬁﬁﬁt?ﬁOBhﬁm%W§¥ﬁ©W@élmﬁmﬁhelwﬁh@ﬁécturing
stage shown in Figure 2d, a netallization |ayer 230 conprises an

appr opr i git@lidplementsr pechnat drd &hn2gdr 860,athpl arcaldmedodn dicebadt of arinedler i al s
in conbination with netal |ines 233A connecting to the contact el enents
223A Janddimenaibond bHes) Rd3Mdclesnect inngeilo sbhigsankiagpliel R A23B. and
Basically, the netallization |ayer 230 may have a configuration as is al so

descri begsaboyee Wik, 1858 8REGodOsliRire 201 $EMME ARMAEE T 008U) H&velQDare
wherei n, however, a superior overall surface topography may be obfai ned,

whi |l e, at..t ) 1LE.. A jred thickness of the material 231 and, thus,
of the n%?g'q??ﬁg§0%3§%?ﬁ%§g§ﬁ%hy be inplenented. That is, clue to the
superior surface topography, an initial thickness of the netallization
| ayer 230 may be inplenmented, which nay be selected in accordance with
design requirenents, rather than requiring an 15 additional extra
thi ckness in biggmigendugive dpyiee 209 nsildestrateildn Higee paonauhe dodmsdrdrate
t opography as may be encountered in conventional strategies. Consequently,
a t hilcknessls o ayeipphep: 283 Frooésst fietaget &b bnes B334ing 2833 swByashbscussed
approximately 150 nmor |less in sophisticated applications. The
met al | i zatoivenvikiayekrcadP wraye Bemf@niRioOfetifte 10@S! $h4f s PLOGES SppBEHALdUeS as
di scussed above, wherein, in particular during the final planarization 70
process ﬁ@%ﬂﬁ&@@%ﬁﬂ,m?ﬂ%sﬁ%ﬁ@ﬁ§wﬁﬁ%@kﬂoﬁHﬁ%f —ﬁﬁﬁ@@%&vm QQHHQ$5MSH% rrrer
materials and the |i'ke, netal residues nmay also be e flCleany renoved
bet ween .k tal bines. Adn the. device area 210A. W thout undu
reducin&hgﬁgggfggd£¢ﬂ$§%%§§§n%ﬁpw%%”ﬂ%?ﬁﬁ“?%ﬁ%ﬁﬁé%éﬁ“ﬁbﬁ@%aﬂéﬂfﬁﬁwnghe
probability or eat | eakage paths between the metal lines 233A in the
devi ce d%%é”?f@%bwg@ﬂgg“#éﬂﬁb%H“EB%ﬂ&ﬂéﬁmﬁ%t%b%W%ﬂWP%ﬁ&ﬁ“é@ﬂ@ﬂ@yﬂ892
Figure 2e schematically illustrates the sem conductor device 200 in a
mandfactithinghs tagee pawhPah Peieendingl ecthei averndl protcass spaRgi satpeovisded wit h
superior surface topography, which may be acconplished, for instance, on
t he basienpbnprockds cradtwieques 288 ndgde cbhatngbinecd Miheowghnerdtdot ihe
enbodi ment shown, prior to form ng any contact

transistor 260, such as the drain and source regions 262 and the doped regions 252.

After completing the basic configuration of the transistor 260 and the circuit

20 element 250, a device level 220 may be formed, which may comprise any appropriate
dielectric material or materials, for instance in the form of a diclectric material 221, such

as a silicon nitride material, followed by a further dielectric material, which may also be
referred to as an interlayer dielectric material 222, for instance in the form of silicon

dioxide and the like. The materials 221 and 222 may be formed on the basis of any

P2
w

appropriate deposition technique, as is also previously discussed with reference to the



D el enents, a portion of the material 222 is to be renoved, possibly in
conbination with a portion of the material 221, in order to expose a
surface 261S of the gate electrode structure 261. For this purpose, a CWP
process 207 may be perfornmed, in which a finally obtained height |evel
220R, as required for exposing the surface 26 IS, may result in an even

super i or jQver gl [%%'L&{)@tgjgsttt@ggl% %ﬁ (—,)éialdyﬁ EQL&H(&%{{E&I &1(9{?9{\,%;7651%%} %%&3%” zing

effect o 10 the S I éxposing the surtace
appropri ate process sequence may, be perfornmed so.as to replace one or nore
Tt er 1 al 'GP b GRY R SPGB T D00 PoSE deriiHage estcs

sophi sticated replacenent gate approaches. For exanple, the gate el ectrode
stPuctur@ﬂ£6ioﬁﬁﬁl@@h§?@§%§%%@8€@%HW@Wé@ﬁﬂwdﬁﬂhyé¥“@Wﬁwc®hdmgyéIMbIMding a
hi gh-k dielectric material, or a placeholder material, such as a

pol ysi | | Gerexpapbr slahwranbe hhight idvel 22015 may bbeoefiddrel entil yrgeeisigadodba t he
basis of the exposed surface 261S. Thereafter, appropriate netal materials,
for instanespdringadjristiofghe nwadrke! RODGHLAN (&N yREOME ALRGraR Rh@khy 202
conductive el ectrode material, may be filled into the resulting opening,

t her eby {Mn‘é}ﬂ/ -'(ﬂfgdiﬁg hi éllf;}e#m”@b@él HaL& @)hgﬁﬁglﬂﬂgoﬁhé‘cﬁ@%ﬁr eu{xﬂ{ dé;ﬂ)@itinu

transi stor 260. In Other cases, additionafl g ielectric néterial

may be fil lied, ir ] 2lectrode, structure 261 20after renpvi, a

port i on ThaFEsH Bl 95% Sy IyRE IR T I el i@ ﬁlfé& ﬁ‘é\}i“feét Ll‘foQ with a
| ayer of, c tive material. 261A, for instance in the form of al um num
pogsibIfeWﬁgg@ﬁﬁpﬂ%Rq5ﬁS%FﬂW“BPﬁ%¥”me$edQSHHU@?ﬁﬁédhﬁ%@?ﬁ%ﬁ§?m§ﬁ@ﬁoﬁs
titaniumnitride, tantalum tantalumnitride and the |ike, 25forned within
he gate ®l%ctrode structure 261 and on the dielectric material 222. Any
excess material of the |ayer 261 A may then be renoved on the basis of, for
i nstl&nce, a CWP process, wherein the enhanced surface topography may result
in areliable renoval of the conductive material in the device area 21 OA,

thereby avoi diigget he ediRaHatioN1yofilamhrdse akagempaiigeoMhicthe MYy bgigr gat ed
upon conpleting a contact |evel of the sem conductor
planarization material 205 formed on the dielectric material 222, The planarization
material 205 may be provided in the form of an organic material, such as polymer
material, resist material and the like, which may be applied in a low viscous state, for
15 instance on the basis of spin-on techniques, thereby providing a highly non-conformal
deposition behavior. Hence, a substantially planarized surface topography 2058 may be
obtained upon applying the material 203, thereby providing an increased amount of
material above the device area 210A compared to the device area 2108, It should be
appreciated that many planarization materials are available and may be used as the
20 planarization material 205, wherein, in some illustrative embodiments, material
compositions may be selected that may have a similar etch rate compared to the material
222, To this end, a desired etch recipe may be selected, for instance a plasma assisted etch
recipe, and etch rates of various planarization materials may be efficiently determined by

experiment and may, thus, be selected so as to comply with the etch rate of the dielectric

[S]
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material 222 in view of the etch recipe under consideration. Furthermore, etch parameters

20



5 device 200, for instance by formng contact elenents, which nay extend
through the material 222, and which woul d cause | eakage currents in the
presence of any naterial residues of the |ayer 261A. Consequently, _

sophi sticated replacenent gate approaches may be applied, since a reliable
and efficient renoval of the materials 261A within the deV|cehare?0210A may
be accompl,i, shed..on the basi Lhe: lor surface,tpopography. 1.0

Fi gure gg“%?%éﬁ%?%%% ﬁ&'?@?3%?%%%2@“?ﬁgagéﬁﬁéﬁﬁaégﬁbriﬂgwﬁés fgﬁnﬁgfogg;ng
to further .illustrative enbodiments in. whjch the dielectric material

my be. oy BUFGEHTVIEn TR RRRSS S Srosid'e! Fal I RHFY OF e SN Plte

wi ndow 210A, as indicated by the clashed |ine 222R Thereafter, a polishing
process %6@Eﬁé%e%éméﬂﬁﬁﬁéﬂY§%Ld§m%@mbéﬁﬁVéﬁﬁfﬁ@ﬂ$?éﬁeomﬂtheﬂpmﬁpdm@Wectr|c
material 222, thereby obtaining a certain degree of |eveling between the
hei ght | &lieted by peHernsngasec2i0Beamdn@104h dThadiaiie ruponapelidiotmiiagntshe
polishing process 208, if desired, the dielectric material 221 may be used
as ar efdidciheiike poogiblgad esrhBihasm #RtheWhEddpd DGSCASIHRA BEGASSc tHRpf the
process 208 the stop effect is increased and, thus, the resulting réenoval

of the ngberdidl 1 224 M&YeDs feguaadid ﬁrot/ i?noa{h%aliegi}(gﬁ%li%{gbel%%eﬂg\ﬁ&r Lhgl.ess
70efficiently Tenoving material i'n the device area . I'n this manner,
the initial,;height level may be reduced to a certain degree. _

Fi gure 2h schematically illustrates the sem conductor device 200 in a
further advanced manufacturing stage in which a further dielectric materi al
224 may be deposited 25during a deposition process 209, which may have nore
or | ess pronounced non-conformal deposition behavior, thereby even further
reduci ng t he B@rfacschapsigrdpiusicales e semiconductor device 200 when exposed to

10 an etch ambient 206 in order to remove the material 203 and any excess portion 220E of
the dielectric material 222. In some illustrative embodiments, the ctch process 206 may be
performed as a plasma assisted etch process, thereby providing a highly directional
material removal, which may, thus, result in a moderately uniform material removal, even
if the etch rates of the materials 205 and 222 may slightly differ from cach other. It should

13 be appreciated that a plurality of plasma assisted etch recipes based on Muorine and the
like are available for etching silicon dioxide based materials, wherein the removal rate of
the material 205 may be adjusted so as to be very similar to the removal rate of the
material 222, For instance, the removal rate of the materials 203, 222 may differ by
approximately 30% or less, which may be accomplished by selecting appropriate base

20 materials for the material 205 and/or adjusting the characteristics on the basis of additionat
treatments and/or by adjusting process parameters of the etch process 206, as described
above. Consequently, the height level 220H may be obtained in the device area 210A,
which may be very similar to a height level 2208 obtained in the device area 2108, In

some itlustrative embodiments, the difference between the height levels 220H, 2208 may

o
i

be less than approximately 65% of a difference of the initial height levels 2201 in the area



illustrative enbodinent, the material 224 may be provided in the formof an
interlayer dielectric material, such as a silicon dioxide material, which
may be deposited in a simlar manner as the dielectric nmaterial 222.
Thereafter, a further polishing process, for instance based on process
paranmeters as may al so be used in the polishing process 208 (Figure 29) ,

may be ap $6 Wt r.f

bt ai m, T s P S Pt T Eb o Ry & R B P R o B Bl

and, thus of. the cont In othe |IIustrat|ve
embodi meRts, e 3%%}?%&4 e OpiSRRES e ﬂ@lcrlﬁiéf%ﬁigrwrl@z%bb t SHACS Shitng
process, q ?narization material nmay be applied so as to further enhance
the 10suPfddelizhipgpioapmandrbe tike ibcrtalrrarchp igHngraterdrar swiechepcrahed, as

i s previously explained. In other illustrative enbodi nents, after
depositHn@numebnnmeﬂh@wwwgameaZHMrﬁh@tm@wnh@d@@emseuwabeﬂmemﬁpmhﬁdmso as
to further planarize the overall surface topography, while 15 at the sane
time 5i oy 22Rposinge arttedacedated he agabprigbleciihpde; d8loclasadsSoff
instance also illustrated in Figure 211 Consequently, in this case a

repl acengitrigabes aRPIPAGH 1B Qe RRP] | ed on the basis of a superior surface
t opogr aphy obtained by two or nore polishing processes wth an internediate
deposition of the dielectric material, such as the dielectric material 224.
20 As a result, the present disclosure provides manuf act uri ng

t echni ques i n,which the ronounced surface topo raq y caused by substrate
wi ndows i n 801OHEHCBEY Wg URCT HQESEHS I 6P HHINGC £cBRtbast of syRiriost t he
sem conduct or devi ce by perfornlng addi ti onal planarization processes based
on an addP¢ssdpdiy yorgdpl faening eprdedt elamantstiertharont@Bdensh 236 aad ptoaithng aat i on
material and the |ike The planarizati on process nmay conprise an

apprl@pr imttelliyatdesiygaed et ch process and/or a CMP process. Thus, in

sophi sticated applications, the contact |evel may be provi ded w t hout
addi ti onal |eakage paths, for instance when applying a replacenent gate
approach, and also any netal residues of the first netallization [ayer may

be efficient 'Dfoiiﬁfﬁ%i/@étiiiaii@ @/ tith?stlsli‘épstM ab &M adow aL g K& Wh hout synduly

reduci ng the thickness o I zation Tayer above fTansistor areas.

advanced manufacturing stage. As iltustrated, contact elements, 223A may be provided in
the dielectric material 222 and the dielectric material 221 so as to connect to the circuit
15 elements 250, ie., to the metal silicide regions 254 formed in the crystalline substrate
material 202 within the device area 2[0A. Similarly, a contact element 2238 may be
provided in the device area 210B so as to connect to the metal silicide region 264. The
contact elements 223A, 223B may be formed on the basis of any appropriate
manufacturing strategy, wherein, due to the superior surface topography of the dielectric
20 material 222, any complex processes, such as lithography, patterning corresponding
openings and refilling the same with a conductive material, may be accomplished on the
basis of superior process uniformity. For instance, the thickness of the material 222 may
not have to be selected with respect to reducing overall surface topography, as may be the
case in conventional strategies, thereby providing a layer thickness that is appropriate for

25 passivating the circuit elements 260, 250. Consequently, in particular, the complex



The particular enbodinents disclosed above are illustrative only, as the
invention may be nodified and practiced in different but equival ent nmanners
apparent to those skilled in the art having the benefit of the teachings
herein. For exanple, the process steps 10 set forth above may be perforned
in adifferent order. Furthernore, no limtations are intended to the

details 9I[tc?r§m5u U&tﬁ!uf?%p& m%elﬁ’(lj‘,gge Q(ﬁ{l@uad%{]ﬁml’pt%tnhﬁ{[[otl}nq 1ml cngf fl.oed in

t he cl ai s bel ow. efef ore evi dent rent s
di scl ose pltered, o dified and al _uchnyeg[atygn are
consi der&ei %9?10? nlll%% Re Lg BBéC éﬂ%‘ lé‘pl?‘]r‘ 1(tu Yt BRERNFeA] 1Bh AESHIHHY >b,y t he
t ect sou t herein s set forth in the 15c|ains below. CLAIMS A
protecti ((fgn/% L o aI
met hod of Vol d%ﬁ“@@&“ééﬁlb%ﬁﬁ%@ﬁdFWQ@wWE@L“m femiiet hod conpri si ng:
5exposi ng a portlon of a crystalline substrate material or said 501 device;
formng a plurality or circuit elenents in said exposed portion of the
crystalline substrate materi al ; formng a transistor in a sem conductor
| ayer> of sai dI''BOFnsen coihdueinofzcdemi sege SBb©n $€MLeNTUGHAktalli@MRh IBRirNg
formed above said crystalline substrate
230 comprises an appropriate dielectric material 231 or a plurality of diclectric materials
in combination with metal lines 233A connecting to the contact elements 223A and metal
lines 233B connecting to the contact elements 223B. Basically, the metallization layer
230 may have a configuration as is also described above with reference to the
[0 semiconductor device 100, wherein, however, a superior overall surface topography may
be obtained, while, at the same time, a desired thickness of the material 231 and, thus, of
the metal lines 233A, 2338 may be implemented. That is, due to the superior surface
topography, an initial thickness of the metallization layer 230 may be implemented, which
may be selected in accordance with design requirements, rather than requiring an
5  additional extra thickness in order to take into consideration the pronounced surface
topography as may be encountered in conventional strategies. Consequently, a thickness
or height 2337 of the metal lines 233A, 233B may be approximately 150 nm or less in
sophisticated applications. The metallization fayer 230 may be formed on the basis of
process techniques as discussed above, wherein, in particular during the final planarization
20 process for removing any excess metal, such as copper, conductive barrier materials and
the like, metal residues may also be efficiently removed between the metal lines 233A in
the device area 210A, without unduly reducing a desired thickness of the metal {ine 233B.

Consequently, the probability of crealing leakage paths between the metal lines 233A in

the device area 210A may be reduced compared to conventional strategies.
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10material and a buried insulating layer; formng a dielectric material
above said plurality of circuit elements and said transistor; formng a
planarization nmaterial above said dielectric material; planarizing said
dielectric material by using said planarization material; and 15form ng
contact elenments in said planarized dielectric material so as to connect to

sai d transi st pf,,aRNthS r i Leui g, S. R 2. The
met hod of cIth#%ﬁ g%g%ﬂhgfﬂkaﬁwf%ﬁggsa d d Hﬁ#%qﬁg§c frat é 'ép cBnﬁrlses
Lal and sajd dlelectrlc

removing,, nﬂ%%&mﬁ)% %{ﬁq?nc. ﬁ]awlthl?élﬁn E%?tgiégxgagu%tﬁﬁ 15 pravided, withsppaRT svritgeai m 2,

mat eri al

wher ei n perforn1n n et process conpri ses
topography, which may c accomplished, for instance, on the basis of process techniques

as described above. Moreover, in the embodiment shown, prior to forming any contact

> clements, a portion of the material 222 is to be removed, possibly in combination with a
portion of the material 221, in order to expose a surface 261S of the gate electrode
structure 261. For this purpose, a CMP process 207 may be performed, in which a finally
obtained height level 220R, as required for exposing the surface 261S, may result in an
even superior overall surface topography due to a certain degree of planarizing effect of

L0 the process 207. After exposing the surface 2618, any appropriate process sequence may
be performed so as to replace one or more materials of the gate electrode structure 261, in
accordance with sophisticated replacement gate approaches. For example, the gate
electrode structure 261 may comprise a gate dielectric layer (not shown) including a high-

k dielectric material, or a ptacecholder material, such as a polysilicon material and the like,

5 may be efficiently removed on the basis of the exposed surface 261S. Thereafter,
appropriate metal materials, for instance for adjusting a work function and providing a
highly conductive electrode material, may be filled into the resulting opening, thereby
providing a high-k metal gate electrode structure for the transistor 260, [n other cases,
additionally, a high-k dielectric material may be filled into the gate electrode structure 261

20 after removing a portion thereof.

Figure 2 schematically illustrates the device 200 with a layer of conductive
material 261 A, for instance in the form of aluminum, possibly in combination with other

conductive materials, such as titanium nitride, tantalum, tantalum nitride and the like,

[R]
wn

formed within the gate electrode structure 261 and on the dielectric material 222, Any



perform ng a plasnma assisted etch process. 4. The method of claiml
wherein formng said plurality of circuit elenments conprises formng one or
nmore PN junctions of a substrate diode in said portion of said crystalline
substrate material . 5. The nmethod of claiml, further conprising
formng a netallization layer above said planarized dielectric material,

wher ei n §€’c@s Hﬁl‘ié‘i‘#al bE&c! | lj@f rmﬁ?%hd% id {uﬁlkﬁﬂx@& %anu %pr 5 %f '1%;311;;%[%{, 130 nm or

| ess. . The net ho ltop

surface a el ect.r ol pucture of i d tranS| stor af
ol anar | Zleflr\]/él gg)% ssdwgl ol IEhlx,én }Cé(ll blél ace Lopo mp?p/ M S Eh B dCl5 E‘c‘i"éﬂoﬁﬂ%

further rising. repl acl ng at |east a portion of sal d gate el ectrode
struct ur 8P %}3 t‘ﬁnguﬁ‘ét“ > APl G R iy ics) ea ?&ib ey pediding the creation of any

leakage paths, which may be created upon completing a contact level of the semiconductor
5 device 200, for instance by forming contact elements, which may extend through the
material 222, and which would cause leakage cuwrrents in the presence of any material
residues of the layer 261A. Consequently, sophisticated replacement gate approaches may
be applied, since a refiable and efficient removal of the materials 261 A within the device

area 210A may be accomplished on the basis of the superior surface topography

Figure 2g schematically illustrates the semiconductor device 200 according to

further illustrative embodiments in which the dielectric material 222 may be provided with

a thickness so as to reliably fill the substrate window 210A, as indicated by the dashed line
222R. Therealter, a polishing process 208 may be applied so as to remove a portion ol the

I3 diclectric material 222, thereby obtaining a certain degree of leveling between the height
levels in the areas 2108 and 210A. That is, upon performing the polishing process 208, il
desired, the dielectric material 221 may be used as an efficient stop material so that with
increasing process time of the process 208 the stop effect is increased and, thus, the
resulting removal of the material 222 may be reduced in the area 210A, while nevertheless

20 efficiently removing material in the device arca 210B. In this manner, the initial height

fevel may be reduced to a certain degree.

Figure 2h schematically iliustrates the semiconductor device 200 in a further

advanced manufacturing stage in which a further dielectric material 224 may be deposited

-2
LN

during a deposition process 209, which may have more or {ess pronounced non-conformal



| S8. The nethod of claim®6, wherein said gate el ectrode structure is forned
on the basis of a target gate length of 40 nmor less. 9.The nmethod of
claim7, further conprising formng a second dielectric mat eri al above
sai d planarized dielectric material and above said gate el ectrode structure
20conmprising said netal -containing el ectrode materi al and fornln? sai d
cont act Sty [ I r el Ay secaond dielectric
naterlal&ﬁﬁggﬁkiﬁﬁq gg g?g¥gr§$hghgwgaaiﬁ§@ﬁl@bn ﬁ@%%#’ 139 gaﬁﬁ%nethod
conpri si o] alline substrate naterl in a

fi ?Is)t de\{/‘%%’:“e‘ﬁé’p ea\“ g“?‘aﬁd{‘ééﬂ‘i &Idﬁdm: % 7 éw%‘@ff%@nr oA AnsBiF ﬁélﬁeﬁduct or
| ayer and a buried.insulating layer in said first device area; fornmng a
subst r at “@F%ﬁénﬁﬁﬁgdﬁﬁlﬂﬁﬂétwﬂ%ﬁﬁﬁékdﬁéé“ﬂsﬂhﬁ1§UW§Fﬁéwé&@do@éSdbﬁprlS|ng

mannet as the dielectric material 222, Therealler, a further polishing process, for instance

R

based on process parameters as may also be used in the polishing process 208 (Figure 2g),
may be applied so as to further reduce the surface topography and to obtain, in some
illustrative embodiments, the desired target thickness, and, thus, height level of the contact
level 220. In other illustrative embodiments, alter further planarizing the material 224 by
a polishing process, a planarization material may be applied so as to further enhance the
10 surface topography and the planarization material may be etched, as is previously

explained.

[ other illustrative embodiments, after depositing the material 224, a further CMP

process may be performed so as to further planarize the overall surface topography, while

I35 at the same time finally exposing a surface of the gate clectrode 261, as is for instance also
lustrated in Figure 2f. Consequently, in this case a replacement gate approach may be
apptied on the basis of a superior surface topography obtained by two or more polishing
processes with an intermediate deposition of the dielectric material, such as the dielectric

material 224,

20
As a result, the present disclosure provides manufacturing techniques in which the
pronounced surface topography caused by substrate windows in SOI devices may be
reduced upon forming a contact level of the semiconductor device by performing
additional planarization processes based on an additionally applied dielectric material,
25 such as a planarization material and the tike. The planarization process may comprise an



a PN junction formed in said portion of said crystalline substrate
material; formng a circuit elenment in said sem conductor |ayer in a second
device area; formng a first dielectric material above said first and
second device areas; 1lOperformng a polishing process so as to renmove a
portion of said first dielectric material formng a second dielectric

mat eri al aﬁﬂ@%‘?ﬂ@l?' sfdnu.?tctgi gl g,% LG/ E'\fﬁ!’ pt&Q:gs pl ﬁﬂ?r g soghlstma erf ace

topography above sal |rst secon eV|ce ar eas sénce of said
of cI aim 10, wherein

first hod

p: ;ﬁar ?2% qecgtg?n sur éu [%ga “%Ypr% %8?%1?‘5[ s‘@g"‘oﬁbgﬁ Pﬁil‘Hgl“’é%h‘“éth‘H’spr“Bcess
P. The net hod of claim 11, wherein formng said second dielectric materi al
70conpr i E’é‘ém?bF"llﬁ“‘h(‘:}Pg‘yﬁha‘n‘éf’ﬁd%&’@‘r%r&:a‘H"acEPé’l“Pdall HBloveo s ohefal restdugh of gt ri ¢

material. 13. The method of claim 10, wherein planarizing said surface
t opogr aphy,[ metallization layer may be c[iiuuni%y removed within the substrate window area

5 without unduly reducing the thickness of the metallization layer above transistor areas.

The particular embodiments disclosed above are illustrative only, as the invention
may be modified and practiced in different but equivalent manners apparent to those
skilled in the art having the benefit of the teachings herein. For example, the process steps

10 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

15 claims below



conprises perform ng second polishing process. 14. The method of
claim13, further conprising formng a third dielectric material above said
first and second device areas after said second polishing process and
perforiiing a third polishing process. 15. The method of claim 10,
wherein performng a polishing process so as to renpve a portion of said
first dighaghjdc material conprises exposing a top surface of a gate .

el ectrode—structure of said circuit el enent. 16. The met hod of claim
15, further conprising replacing a portion of said gate 10el ectrode
structure by a conductive electrode material after planarizing said surface
t opogr aphy. 17. The method of claim 10, further conprising formng

cont act el emehts ap method of forming an SOl semiconductor device, the method

comprising:
5 exposing a portion of a crystalline substrate material of said SOI device:

forming a plurality of circuit elements in said exposed portion of the crystalline
substrate material;
forming a transistor in a semiconductor layer of said SOI semiconductor device,
said semiconductor layer being formed above said crystalline substrate
[0 material and a buried insulating layer;
forming a dielectric material above said plurality of circuit elements and said
transistor;
forming a planarization material above said dielectric material;
planarizing said dielectric material by using said planarization material; and
L5 forming contact elements in said planarized dielectric material so as (o connect to

said transistor and said plurality of circuit elements.

2. The method of claim 1, wherein planarizing said dielectric material
comprises removing a portion of said planarization material and said dielectric material by

20 performing an etch process.

[P

The method of claim 2, wherein performing an etch process comprises

performing a plasma assisted etch process.



| east in said first dielectric material so as to connect to said PN
junction and said circuit 15el enent, respectively. 18. The method
of claim 17, further conprising formng a netallization |ayer above said
contact elenents, wherein said netallization |ayer conprises netal |ines
havi ng a thi ckness of approximately 150 nm or Iess 20 19. A nethod,
COI'TpI’I S| ng- C@rmmnh M(, ;TR:I[HB'(. L(ﬂ'{ll?ll V@i{]}gclgqglﬂ% g bc lgli)?l.ll y o[autcL (gll?s.'(.tﬂgr ina
sem conductor | ayer o senlconductor

portion of a [% eri.al sald s§n1con uctor Iayer bei ng
f ormed of m%P“%UﬁWéH“ HEhPéFPHb dj@%“@h8{d5§b$b4hﬁﬂ SHbvEd PRGN Gyaal | i ne
substrate material; formng a dielectric material above said transistor and
sai d por tVHAlEe subgledPyetidl | i ne substrate material ; forning a

pl anari zation |ayer on said dielectric materi al above said transistor and
said portion; and

b

A H

The method of claim 1, Further comprising forming a metallization tayer
above said planarized dielectric material, wherein said metallization layer has a thickness

of approximately 150 nm or less.

6. The method of claim 1, further comprising exposing a top surface of a gate

[0 electrode structure of said transistor afler planariziang said diclectric material,

7. The method of claim 6, further comprising replacing at least a portion of

said gate electrode structure with a metal-containing electrode material.

L5 8. The method of claim 6, wherein said gate electrode structure is formed on

the basis ol a target gate length of 40 nm or {ess.

9. The method of claim 7, further comprising forming a second dielectric
material above said planarized dielectric material and above said gate electrode structure
20 comprising said metal-containing efectrode material and forming said contact elements in

said dielectric material and said second dielectric material.



reduci ng a surface topography by performng an etch process so as to renove
a portion of said dielectric material and said planarization layer.

1020. The nethod of claim 19, further conprising formng a netallization

| ayer above said dielectric material having said reduced surface _

t opography, wherein said netallization | ayer conprises netal |ines having a

thickness of approxi mgLely o]f‘S?orﬁmlg?rad 85t semiconductor device, said method
comprising:
exposing a portion of a crystalline substrate material in a first device area of said

semiconductor device by removing a semiconductor layer and a buried

A

insulating layer in said first device area;
forming a substrate diode in said first device area, said substrate diode comprising
a PN junction formed in said portion of said crystalline substrate material;
torming a circuit element in said semiconductor fayer in a second device area;
forming a first dielectric material above said first and second device areas;
1o performing a polishing process so as to remove a portion of said first dielectric
material;
forming a second dielectric materiat above said first diclectric material; and
planarizing a surface topography above said first and second device areas in the

presence of said first and second dielectric materials,

tL. The method of claim 10, wherein planarizing said surface topography

comprises performing an etch process.

[2. The method of claim [, wherein lorming said second dielectric material

20 comprises forming a planarization material above said first diclectric material.

13, The method of claim 10, wherein planarizing said surface topography

comprises performing a second polishing process.
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14, The method of claim {3, further comprising forming a third dielectric
material above said first and second device areas after said second polishing process and

pertorming a third polishing process.

[5. The method of claim 10, wherein performing a polishing process so as to
remove a portion of said first dielectric material comptrises exposing a top surface of a gate

electrode structure of said circuit element.

L6. The method of claim 15, further comprising replacing a portion of said gate
electrode structure by a conductive electrode material after planarizing said surface

topography.

17. The method of claim 10, further comprising forming contact elements at
teast in said first dielectric material so as to connect to said PN junction and said circuit

clement, respectively.

18.  The method of cfaim 17, further comprising forming a metallization layer
above said contact elements, whercin said metallization layer comprises metal lines having

a thickness of approximately 150 nm or less.

(9. A method, comprising:
commonly forming drain and source regions of a transistor in a semiconductor
layer of a semiconductor device and a PN junction in a portion of a

crystaliine substrate material, said semiconductor lfayer being formed on a



buried insulating layer that is formed above said crystalline substrate
material;
forming a dielectric material above said transistor and said portion of said
crystalline substrate material;
5 forming a planarization fayer on said dielectric material above said transistor and
said portion; and
reducing a surface topography by performing an etch process so as to remove a

portion of said dielectric material and said planarization layer.

10 20 The method of claim 19, further comprising forming a metallization layer
above said dielectric material having said reduced surface topography, wherein said
metallization layer comprises metal lines having a thickness of approximately 150 nm or

less.
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