SEM CONDUCTOR SYSTEM USI NG GERVANI UM CONDENSATI ON
CROSS- REFERENCE TO RELATED APPLI CATI ONS The present
application contains subject nmatter related to a
co-pending U. S. Patent Application Serial Nunber

11/ 016, 023 fil ed Decenber 16, 2004 entitled "Method of
Manuf act uring a Sem conductor Device with a Strained
PEMAPNDUGEORY Y BRMAppING SERIMAANSUMASONGHANIS ATION
Chartered Sem conductor Manufacturing Ltd. and is
identified by docket nunber 1016-045. TECHNI CAL FI ELD
The present invention relates generally to

sem conduct or manufacturing, and nore particularly to
a sem conductor system using germani um condensati on.
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used in ggé)r?tﬂir}goﬁ'om airplanes and televisions to wristwatches.

Semiconductor devices are made in and on wafers by extremely complex systems that
require the coordination of hundreds or even thousands of precisely controlled processes to
produce a finished semiconductor wafer. Each finished semiconductor wafer has hundreds to
tens of thousands of semiconductor dies, each worth as much as hundreds or thousands of
dollars.

Semiconductor dies are made up of hundreds to billions of individual components.
One common component is the transistor. The most common and important semiconductor
technology presently used is silicon-based, and the most preferred silicon-based
semiconductor technology is a Complementary Metal Oxide Semiconductor (CMOS)
technology.



become conductive. The doped regions of the silicon
substrate are referred to as "shall ow source/drain
regions,"” or "source/drain extension regions" which
are separated by a channel region in the substrate
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associated increase in gate leakage current.

It has been shown that in p-channel MOSFETs, or pFETs, a buried silicon-germanium
channel region under compressive stress enhances hole mobility in the channel region,
Accordingly, a higher drive current can be obtained resulting in faster operating pFETSs.

One existing strained channel silicon semiconductor includes strained silicon (Si) on a

relaxed Silicon/Germanium (SiGe) substrate to obtain the stresses needed. However, these
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Solutions to these problems have been long sought but prior developments have not
taught or suggested any solutions and, thus, solutions to these problems have long eluded
those skilled in the art.

DISCLOSURE OF THE INVENTION

The present invention provides a semiconductor system including providing a silicon

semiconductor substrate. A gate and a plurality of source/drain regions are formed on the
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In the foll owi ng description, numerous speci
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FIG. 8 is a flow chart of a system in accordance with the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

In the following description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will be apparent that the invention may be
practiced without these specific details. In order to avoid obscuring the present invention,
some well-known circuits, system configurations, and process steps are not disclosed in
detail.

The drawings showing embodiments of the device are semi-diagrammatic and not to

scale and, particularly, some of the dimensions are for the clarity of presentation and are



some wel |l -known circuits, system configurations, and
process steps are not disclosed in detail. The
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certain portions of the silicon semiconductor substrate 102 by a diffusion and/or implant
process to provide an area for an n-type MOSFET (nFET) 120. A second well 110 of the
first conductivity type, such as a p'-type well, is formed in certain other portions of the
silicon semiconductor substrate 102 by a diffusion and/or implant process to provide an area
for a p-type MOSFET (pFET) 122,

A gate insulating layer 112, such as a gate oxide, is formed over the surface of the
silicon semiconductor substrate 102 by forming an insulating layer over the silicon
semiconductor substrate and processing the insulating layer to form the gate insulating layer

112.  Alternatively, high-k dielectric materials, such as hafnium/aluminum/oxide (HfA1O),



certain portions of the silicon sem conductor
substrate 102 by a diffusion and/or inplant process
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such as by a wet etch, to uncover the source/drain regions 206 of the pFET 122.

Referring now to FIG. 4, therein is shown the structure of FIG. 3 after epitaxial growth of
a SiGe layer 400 over the source/drain regions 206 of the pFET 122. The photoresist layer
302 shown in FIG. 3 is stripped to expose the oxide layer 300 over the nFET 120. The
source/drain regions 206 of the pFET 122 are cleaned. The SiGe layer 400 is epitaxially
grown over the source/drain regions 206 of the pFET 122. The epitaxial growth is performed



source/drain regions 206 may or may not be doped wth
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form an oxide Iayer and a Ge-rich’layer

layer om ltlee S@Um/dreird regiams r%1§| QﬁﬁﬁleZ[ﬂHET)ﬂZZ heAdiRionallg? theTshaﬁuconductor

a in FIG 4 i.s subjected, tp a dr
system J)EFs R Flalzes oY %m%é%@ of grpmanipm in the ?W%‘i%lna‘leﬁ’roéz 206 of
the nFEgJTI@@t er than 850C. As the SiGe |ayer 400 shown in

FIG 4 oxidizes, germanium (Ge) atons are rejected by

It hey beanedisenrycod that the sytent 9 the ﬁlu@e fﬂ@tpmélﬁfusmarmmrthe source/drain
ions LSBT 2098 HAERSTeh e LG o

SiGe layeﬁ 400 showih én B, 4 thie thiakedss D0fhe sﬂ’%ﬁ @émmnmﬁs%&}a@ 102, and
10Eereln is shown the structure of FIG 5 show ng
thedura(ﬂ’i"f‘ ONPEICCES- rj ch | ayer 502 shown in FIG 5. As

C
BES e A0 LONRAC RS 8o WiGhe sk ST HG T R e siGe
inter—diffﬁﬁﬂ'n 2@ thmsdumefdr&nuegeﬁsi 266 of tHeGFET hm Basextdifiied un%ﬂ the Ge
into, t ions 206 o

From th (3o BBk eYED SUT N I FIChS 186 ABHBeL i ratpii 04, extonding the

Source/d}gﬁggm%étgag{;,@nchannel regi on 600 of the pFET 122.
The resulting sem conductor system 100 is

Beferring v teBlGy, theecin bsshoem the sauctinlei of FIGs 6 Adifter formation of
a number of contacts in a dielectric layer 702. The oxide layer 300 and the oxide layer 500

shown in FIG. 6A are selectively removed, such as by etching, for example, using a dilute
hydrofluoric acid (HF). The oxide layer 300 is removed, such as by etching the oxide layer
300. A hydrofluoric acid (HF) clean may be used to remove the oxide layer 300.
Subsequently, an etchant comprising hydrogen peroxide H,O, (e.g. 31%) may be used to

remove any layer that has Ge content greater than about 65% across the surface of the silicon



| ayer on the source/drain regions 206 of the pFET 122.
Addi tionally, the sem conductor system 100 is
characteri zed by the absence of germaniumin the
source/drain regions 206 of the nFET 120. It has been

- di d t tent, of th | -
semicof B etk I MiBRRYeD dsf ket BhorTO0is cambe v tgromove
any layeNBayiiE i d@ o3t degreat tah! BPudePs Nl (kP ARfAcB R the silicon
original thickness of the SiGe |ayer 400 shown in

semicoyjucfor gubsiiate 1R haserkingly, thhsowste/iirgprregions 26hdlibe@FET 122 are

102. and. ur gt i f. oxidation. .
substanfR LA, s ARl BT i e Bl ping on o
of the chip giekdctrieCl 16rshowh il FIG. 6\ bifoMdb O idshRitidl saRers 200.

inter-diffusion intg the source/drain regions 206 of

frerrgimgly, 1tho senEceiikaia ngewns 00| agensubsantiphly, wngtged.  The cap
dtecnPr i b G 10N I B RS, 222G . 1l s
to be renfed usinganvedting fetessr iThg shovtuted dflike nFET tiDerad the gFET 122

.shown th st_ruc%{l‘{rﬁ of FIG 6A_after fornmation of a ,
that wifl 3eper a5,ocRBRaRY JbF FORERSNRE Biate 2 sijere Jemedrager them in a
convenBiafigiahaxer 300 and the oxide |ayer 500 shown in FIG

6A are selectively renoved, such as by etching, for

ehahidD dgyen20hiy farnakid emee thehymictwfd arsk procasdddusfitd® CMIhprocess to

plnar ShE D IYEF 700 02h BT TeS o BB R i 5 e 02
over thB&aHs@cdhladt @RENE TIRELAYS UE tHealTD 1330 702 IO HREY A ¥ suitable
an etchant conpri sing gydrogen per oxi de H202 (e.qg.

conducivemaigrigl, Bech ps dengstsn, todoon thegoptacttyer that has Ge

nten reater than. about  65% acr oss, t he f of .
AR §Huntisf Bt Sl s 4 RbPERLBEGh 1he B 18ec 702 i
contactAbitheth8 8durv@linin REIon¥YROE ! AdfirstiheditorPRET70@ R BEnBBELURA the ILD
renove any. |ayer havin content of greater than

layer 70 gonESHIHE Hsste hi atihe BEETAB0; Hosesphd e contact 708 & formed
i t . ; i .
throughSEEUERTIANERD i UARME AU hdayd CARICHEPHKT (D3 1t will be apparent

from asealingof itldb ldgsonipaow hied . FIGhi7siscfoe didishgtied @prposesneiily. The gate
r ir (f there is_no Ge renainjng on top _of the .

contacty 206 g Pk o o B s B PIcaS ThABIane SRrigEEothe source/drain

contacts A§4!l ating spacers 200. Accordingly, the source/drain

regions 206 are substantially unetched. The cap
Bﬂ%hmg nove A FBI. & thenein gmshowhlalflow chhgt of| EEFMicd0dw@at sybem 800

. ET 122 shown in.FIG. 1 0 needs_ . toD renoved o

in accdlnte; i BRI gPugiies. e sUrricius Behees SRotResn silicon

semicoddtoR BGbsti iRfblockd2; FidlingM bite 9RE ¥ Blualit) OF &ur@P&ralOgions
the contacts may have a silicide forimed over themin a

on the ghearesanieersiucion Awkstrate to form at least one pFET in a block 804; forming a

silicon-germanium layer over the plurality of source/drain regions in a block 806; condensing
the germanium from the silicon-germanium layer to form a plurality of source/drains in the
plurality of source/drain regions in a block 808; forming an interlevel dielectric layer over the
gate and the source/drain regions in a block 810; and forming a plurality of contacts in the
interlevel dielectric layer to the gate and the plurality of source/drain regions in a block 812.
Thus, it has been discovered that the semiconductor system of the present invention
furnish important and herefofore unavailable solutions, capabilities, and functional

advantages for manufacturing semiconductors having strained channels. The resulting



The 1LD | ayer 702 is fornmed over the structure and
processed using a CVP process to planarize the ILD

| ayer 702. The ILD layer 702 has holes forned through
the ILD layer 702 over the various contact areas. The

filled h
o it B LB TR S ByH) Semai

and effectieaabs conMetiional tdthifidlesie))f andoare QEJSdfeadhly e fedafel snaf@fhcturing
is formed through the ILD |ayer 702 in contact with

semicopdstarifvices dhagiare fblyicompativle with pervsntiopal anasbfacarng Toecesses
d through the ILD layer 702 in contact with
Emdtm%ﬁgggggg 114 of the nFET 120. A second gate contact
Tidld the ﬁmrermdl hasdtseet ghscribed il Eddjaytion #th 4 speetitttaet mode, it is
wi .t h t a 114 of .the pFET 122. It w_ || be apparent
to be lwlsrrﬁoa %dﬁﬂﬁ@y ghterppfies gmeodificationsy apg yeriptiens Wﬂ]l e ppparent to
those skillcH 3 b A0t B T
os0 s L URL kPh RUSCANAS ofRebing AR  ACARKS, 130 iifted 1o
embraoc @Htsachn altfgnathes soutifiedtiongiand vanaﬁcmst\ﬁnatoﬂhll Hdiie nhte segpe of the

. ow.to FI . there I S s a flow chart o

inctuded cfoigngi, ot tl&?ﬁ%rwgﬁ?fgg 1 KR SEeRm 36 G P 18 fae accompanying

drawm@sf 8 ebe in%&fédQHmﬁh%tﬁHﬁzﬁﬁ‘rﬁ)QQuhﬁﬁh%Q&% providing a

ilicon sem conductor substrate 1n a block 802;

forn1ng a gate and a plurality of source/drain regions
on the silicon sem conductor substrate to form at
| east one pFET in a block 804; formng a
silicon-germanium | ayer over the plurality of
source/drain regions in a block 806; condensing the
germani um fromthe silicon-germaniumlayer to forma
plurality of source/drains in the plurality of
source/drain regions in a block 808, formng an
interlevel dielectric |ayer over the gate and the
source/drain regions in a block 810; and formng a
plurality of contacts in the interlevel dielectric
| ayer to the gate and the plurality of source/drain
regions in a block 812. Thus, it has been discovered
that the sem conductor system of the present invention
furni sh i nportant and heretofore unavail abl e
solutions, capabilities, and functional advantages
for manufacturing sem conductors having strained
channels. The resulting 8 process and configurations
are straightforward, econom cal, unconplicated, highly
versatile and effective, use conventiona
technol ogi es, and are thus readily suited for
manuf acturing sem conductor devices that are fully
conpati ble with conventi onal manufacturing processes
and technol ogies. Wile the invention has been
described in conjunction with a specific best node, it
i's



to be understood that many alternatives,

nodi fi cations, and variations will be apparent to
those skilled in the art in |ight of the aforegoing
description. Accordingly, it is intended to enbrace

TUE II@VEN@%?& A tigves, nodifications, and variations
h al‘?ﬁ‘lJV\/lﬁ»tﬁﬁB :

whi ¢ In the scope of the included clains.

AL o Lo LR LR R LS RLgLOT L herein or shoun in
ar

t he acconpanyi ng raw ng to be interpreted in an
ipkdwadihg atsilicen aadiconduckdrsubitiage; sense. 9 THE | NVENTI ON

AILVED I'S: 1, A sem conduct system conprising:
PIRINg gt and ALY SOUFRIEiE) ro8igBS OR 4 e silipeyt pgrpigorductor

gate @ﬁ\gim@te%%%{ Attl)éas%négpﬁf;e/df ain regions on the
silicon sem conductor substrate to format | east one

peiETing f silichmgermaiium tayer gesrianpluralitypysoumesirait hesions;
ality of sourcel/drain r.ggi ons; condensi n? t he

| -
SendagNng e BN AT i RS asTMA A (AT {919ty hplprality of

pl ur alksbirke/BfainsSR WMSSFALR) SSsolfteldifinRbsbRl i ty of _
source/drain regions; formng an interlevel dielectric

feryuing e iterievel djaleetrighayer hecrdbegae And tiersonegidomirs regiomg; and

RRMLES, oA B bt 0 B B e o e

sour c phitslal Bf ERBGLOMSIn régiohhe sem conduct or system as
claimed in claiml1 wherein: formng a gate and a

p! ur ahit )éerﬁi‘coﬁ&i&&%/?rﬁéﬂiﬁ A EYLP Hrc'clﬁ’iﬁT i Bferiid:i con

sem conductor subsfrate to format [east one pFET
avrgung ergate and b phwelitymd soREE/draindegions berthe sitiogr seniognductor

maski n he nEET jor, to f i.ng.a Silicon-ger iu
oy or SRt Rdown B LeaFt ok mi ET UGF B IaREoER L ghd further
The sepingasiggtct or systemas clainmed in claiml,

wher ei n: condensing the germani umfromthe
saskiag tbeyaFEh prigmto fgraving 8 s#ican-gsrhenitindayerprvet thessourte/drain

The sem: ystemas clained in claiml
wher e? &ggbgygetn@f%g t he germani um fromthe

i licon-germanium|ayer forms a.germani umrich |ayer
duer LG HTIGPHITHy HHtom s Claped i e i hReingang
toidensihg BB from the silicon-germanium layer uses an oxidation

ProcCess.

4. The semiconductor system as claimed in claim 1 wherein:
condensing the germanium from the silicon-germanium layer forms a germanium-rich
layer over the plurality of source/drain régions; and further comprising:

driving the germanium into the plurality of source/drain regions.

5. The semiconductor system as claimed in claim 1, wherein:
condensing the germanium from the silicon-germanium layer to form a plurality of

source/drains in the plurality of source/drain regions further comprises an

annealing process.

6. The semiconductor system as claimed in claim 1, further comprising:

forming an insulating spacer around the gate.

10



driving the germaniuminto the plurality of
source/drain regions. 5. The sem conductor system as
claimed in claim1, wherein: condensing the gernani um
fromthe silicon-germaniumlayer to forma plurality

f squrcel/ [ j lL.urality of source/drain
?'egi o%gﬁfﬁﬁf{&gﬁﬁ?@Eglgggﬁnganneal i ng process. 6.
Phevidiaghcilied eémicosdtit@iubsdraed; ai med in claim 1,
further conprising: formng an insulating spacer
AerHng atpﬁéalgtatoé n-wWels7n the siligen semirgadustor. g@teqw;

ZOHTRh} 3 pRalje OE B AR Scop SOIARARBARAL,
fotnmingn pheniiyofdacsand sulistaliat e soufeldringegion atijﬁ?d_eint the gates
L iR —
sour c%_&f?[v@élg 16 @ghon élut?éiijtfgﬁgrgmtshe gates over the

o fTor

plurality of n-well a plurality of nFETs and
owskingtlke plhualityt ofnFETSf p-wells to forma plurality of

FETS; king the pluralit f pFETs; form a

Lomyig 4 SarmetroRveE oo BRI o spyroptain rogions of the
sour cphghlaydfppaTONS of the plurality of pFETs;

condensi ng the germani um fromthe silicon-germni um
lcepdansing the gamzanping feonh the siticorsgameniudr dyes td fortohe plurality of
pl ural j t f.source/ldrain reqiops.of the rality o ]
Do bl et MG B Bl P S romich RS At prETs:
unir@stisy e pirelis@WImFETEayer over the plurality of

ates and the plural i_tY of source/drain regions; and
W&@nantﬁﬂaw&dmlvﬂm ayghevestthe phrelify ofgages| andethe plurality of
di el e%Bﬁﬂc&/d{;aﬁ%’%r oS- %{&e plurality of gates and the
plurality of soGrce/drain regions. 8 The
ferming aglirhlity of yeiitedts asthe ite®a] dielectrizi Iayer to Wegiladality of gates
condensi ng the germani um fromthe silicon-gernmani um

| ayer @ QQ?PAWE‘B i 4PVGRdra BigKES. 9. The seni conduct or

systemas clained in claim7 wherein: ]
8. The semiconductor system as claimed in claim 7, wherein:

condensing the germanium from the silicon-germanium layer uses an oxidation

Process.

9. The semiconductor system as claimed in claim 7 wherein:
condensing the germanium from the silicon-germanium layer forms a germanium-rich

layer over the plurality of source/drain regions of the plurality of pFETSs; and

further comprising:

driving the germanium into the plurality of source/drain regions of the plurality of
pFETs.

10. The semiconductor system as claimed in claim 7, wherein:

condensing the germanium from the silicon-germanium layer to form a plurality of
source/drains in the plurality of source/drain regions of the plurality of pFETSs

further comprises an annealing process.
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condensing the germanium fromthe silicon-germani um

| ayer forns a germaniumrich |ayer over the plurality
of source/drain regions of the plurality of pFETs; and
further conprising: driving the germaniuminto the

e S e A AT A

et@iidihg , thovikéifceh Nsenfleundasst n@bithee REVIBE HiMdakOBhé IE a silicon
Sili con-germam umlayer to forma plurality o

f

sour c &ubsirgicna sqpicomiciorenansulgtopsubsisetecandfoaibinations aesof.
of the plurality of pFETs further conprises an
dAneallhe gemicordistor system b clrimed andlaiond futther comptisimgas
gl aiimsd in lc{ir?i m 7 _wher %i B: g{r oviding the silicon
L R el N S R ﬁ 96f'Ges at [east one of a
i%l i c%r; substrate, a sem cqonductor-on-insul ator

bst PalBICOHCeORIHL P BPES BBier eof . 12. The

SRMERRSHEL A ucRY Sligas clainmed in claim?7, further
conprising: formng an insul ati ng spacer around the

gate. and Bdluralityenfiscaneeldctin regiyrstoarthe silipon sdnmigonduator substrate to

e e S R TN —
sen Ceonfdtst eardettbivkd dbethk UbséRenafed slIRaS lse@NeayRF BA the silicon
having germaniumin the plurality of source/drain

regi ofgMichadustor svbsiiate avier theerlusiermfsowtce/drain righans; seed
I .n iliji.con i condugt or_ supst.rate over, t he
aRYREI A BB oH 1R Byor LA A e Vo AR e B

diphhrelityrdfcoh@yelin thecihterleeelgHElectad dayieh @ SRUaCLAL Rk Plurality of
regions; and a plurality of contacts in the interlevel

di el e8QYFFdIaiiigRiony t he gate and the plurality of
source/drain regions. 14. The sem conductor system as
¢ftai ndde semicprdustor systemtah elaimedhinr dlaimip fusthseenomptisipg: e

n econd pluralit f urce/drain regians on the ..
8 ad B8l Ao fieby Sl SRS e BhEPEL 2R WG stcon
NFET. sdhicodirtdd eibstardu b aslksdt 6t ABET] ai med in claim
13 further conprising: at |east one nFET having a

b Ur atThk YerRfcosdidtor 84 HEm a8 cladBbPRScIARAT PG dithiing: he

at least one nFET having a plurality of source/drain regions characterized by the

absence of germanium.

16.  The semiconductor system as claimed in claim 13 wherein:
the silicon semiconductor substrate comprises at least one of a silicon substrate, a

silicon-on-insulator substrate, and combinations thereof.

17.  The semiconductor system as claimed in claim 13, further comprising:

an insulating spacer around the gate.
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absence of germanium 16. The sem conductor system as
claimed in claim13 wherein: the silicon sem conductor
substrate conprises at |east one of a silicon
substrate, a silicon-on-insulator substrate, and
conbi nations thereof. 17. The sem conductor system as
clainmed in claim 13, further conprising: an

sul gtin acer around the gate. 12 18. A
i cArsttedRREG e Bl BopprSndlg:  a aiiicon
§§ﬂk89§&ﬂﬁbﬂ&m&HQ§B&ﬁ&§ a plurality of n-wells in the
silicon sem conductor Substrate; a plurality of

ppW@ahty of n-wélks ig ¢hq dlironsemigoductot bstsaiist r at e; a

t d I lit f
B BliFY f Bivlsty s RS SRl e O L i Ly o

A FHQpIOdBEy dheutdd ahded Fifsy pRirality Welsbidred/@rafPfdBidhs ad_]acent the first
plurality of nFETs; a second plurality of gates ‘an

seconglustlity af gittys over gha plowlit of mWneléegnocfngn aquhar@le‘.mof nﬁBTs
t he pl
SEEEMA PR b dar 8l R0 Y PRI stipns agtggynt the

the absend plahlity i gdte@osvd ars phayiy oPyewelld® HRGONPlurality of
of source/drain regions; a plurality of

I it
PngL?alFE%éﬁ chyacteriacdably Hisethsenteeol giligon sgedolygfaeess theypecond
i nt erbﬁlyfg t%,gtfgdulggé/&a&tljeg%ﬁg over the p! ural i ty of

gat es”an ur al source/ drain regions; and
appiralrtglofiqsummg epttcaxsta‘d]acmtttbep]jufﬁhey byds; di el ectric

| ayer to t lurality of gates and the plurality o
8 ! aBWI&é%? daeer’ ower e plisRitoRG lgetegrmgi/ghwlar@hty of
cI ai medirtdaGlflcPohS aygerei n: the plurality of nFETs is

characterized by the absence of germaniumin the first
pipluralitytof colﬁtastsm the/ideelievel degéatnis lay@Qo tHévplurality of gates and the

sem cordaLCiﬁ g # %m as clainmed in claim18 wherein:

the sPIYf S TSP S ubst rat e conpri ses at | east

gg a siJicon substrate si l.i.con-on-i nsul at or
bst

¢ semighrtIRFEIHER A6 S Limerbinelgim Hgvherein:
the plurality of nFETs is characterized by the absence of germanium in the first

plurality of source/drain regions.

20. The semiconductor system as claimed in claim 18 wherein:
the silicon semiconductor substrate comprises at least one of a silicon substrate, a

silicon-on-insulator substrate, and combinations thereof,
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