DOUBLE ANNEAL W TH | MPROVED RELI ABI LI TY FOR DUAL
CONTACT ETCH STOP LI NER SCHEME Background of
Invention 1) Field of the Invention This invention
rel ates generally to fabrication of sem conductor
devices and nore particularly to a nmethod for an
deuterium contai ning anneal for a sem conductor
device. 2) Description of the Prior Art Dangling bonds
at the silicon/silicon oxide interface in
sem conduct or devices are believed to be the cause of
observed non-ideal capacitance-voltage
characteristics and reduced channel conductance. Low
tenperature post-netallization annealing in a
hydr ogen- cont ai ni ng atnosphere is typically used in
t he sem conduct or device fabrication process, to
passi vate these dangling bonds. During operation,
however, transistor performance can degrade and this

r t a en correl ated t
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due to collisions betwgelp Ppat@GEREfer s and the
interface. This degradation in hot carrier lifetinme
(also referred to as HCl lifetine) is exacerbated by
the ever ongoing mniaturization of sem conductor
devi ces, and has becone a significant limtation in
the further shrinkagBaekgsamd offhii@ingion devices. 1 A

i del d nethod for mnimzing the degradati on of
%‘QI%/’!?L#Sé‘F'PdBVWrbeen to reduce the peak of the

el ectric fielrfisiiAvddt®ntbRAsd §&Mraldy to fabrication of semiconductor
devices and more particularly to a method for an deuterium containing anneal for

a semiconductor device.

2) Description of the Prior Art

Dangling bonds at the silicon/silicon oxide interface in
semiconductor devices are believed to be the cause of observed non-ideal
capacitance-voltage characteristics and reduced channel conductance. Low
temperature post-metallization annealing in a hydrogen-containing atmosphere is
typically used in the semiconductor device fabrication process, to passivate these
dangling bonds. During operation, however, transistor performance can degrade,
and this degradation has been correlated to the removal of hydrogen from the
silicon/silicon oxide interface, due to collisions between heated carriers and the
interface. This degradation in hot carrier lifetime (also referred to as HCl lifetime) is
exacerbated by the ever ongoing miniaturization of semiconductor devices, and
has become a significant limitation in the further shrinkage of semiconductor

devices.



appropriate sel ection of spacer dinensions, and the
inplantation of ions to form Ilightly doped regions
bet ween the channel and the correspondi ng source/drain
regions of the transistor. Continued mniaturization
Is severely Iimting the wuseful ness of these

t echni ques. Another nethod is to replace hydrogen with
deuteriumduring annealing, taking advantage of the

i ncreased strength of the deuteriumsilicon bond as
conpared with the hydrogen-silicon bond. The

i nportance of overcom ng the various deficiencies
noted above is evidenced by the extensive
technol ogi cal devel opnent directed to the subject, as
docunent ed by whiely edesvmethqgoldfoe ntinianizing &ehdegratiation of HCI
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The importance of overcoming the various deficiencies noted

above is evidenced by the extensive technological development directed to the
subject, as documented by the relevant patent and technical literature. The
closest and apparently more relevant technical developments in the patent

literature can be gleaned by considering the following patents.

US6436799: Process for annealing semiconductors and/or
integrated circuits - Semiconductor structure manufacturing method for
semiconductor device, involves exposing portion of substrate through contact hole
and annealing structure in deuterium containing atmosphere - Inventor:

Ramkumar, Krishnaswamy; San

US6888204: Semiconductor devices, and methods for same -
Passivating semiconductor devices especially silicon MOSFETSs - comprises
treatment with deuterium so that device resilience to hot carrier effects is

increased - Inventor: Lyding, Joseph W.; et al.



devices - CMOS transi stor treatnent involves annealing

usi ng deuterium whose partial pressure is higher than
at nrospheric pressure to formnore concentrati on of
deuterium at interface between sem conductor and

insul ating |layer regions - Inventor: Lyding, Joseph
W ; US5872387: DEUTERI UM TREATED SEM CONDUCTOR

DEVI CES - Passivating sen conductor devices especially
silicon MOSFETs - conprises treatnment with deuterium
so that device resilience to hot carrier effects is

i ncreased - |INVENTOR LYDING JOSEPH W; CHAVPAI GN
US20030181005A1: Sem conduct or device and a net hod of
manuf acturing the sane - Manufacture of sem conduct or
device involves formng over n-type and p-type field

ef fect transi r Losul ati fi|ms for generating
tensile str eié%gﬁaobg 'E}%gtqrwr%{rpgggerg%ﬁﬂmlconductor
iRk 0oMEY t@RsRioritR8trheANal i &S §nnedluﬂ§$§fr&r | deyterium whose

Hachi m ne, Kiyota; Mtaka, Japan US 65/3
fnﬂﬂlalmwm@ kigher an mo$nhqvlcqfresam tauffm IdESCconcentration of

RGN ot TR Rl ke R AR0RY h D indl G Sl regions -

slamrdmndiydhngms'emmsWstors in wafer, formng tensile
filmon P-channel transistor and form ng conpressive
filmon N-channel transistor - Inventor: En, et al.
US20040235236A1: Integrated circuit with inproved

channel stress gro erties and a nethod for nmaking it
- Integrated Y9 ¢ BB HTIERYYMHTRELS D SHMISONRYETOR
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US20030181005A1: Semiconductor device and a method of
manufacturing the same - Manufacture of semiconductor device involves forming
over n-type and p-type field effect transistors, insulating films for generating tensile
stress and compressive in stress channel formation region of the transistors -
inventor: Hachimine, Kiyota; Mitaka, Japan

US 6573172: Methods for improving carrier mobility of PMOS and
NMOS devices - Fabrication of semiconductor device by forming P-channel and
N-channel metal oxide semiconductor transistors in wafer, forming tensile film on
P-channel transistor and forming compressive film on N-channel transistor -
Inventor: En, et al.

US20040235236A1: Integrated circuit with improved channel
stress properties and a method for making it - Integrated circuit comprises silicate
glass layer formed only on p-type metal oxide semiconductor transistor or n-type
metal oxide semiconductor transistor and etch stop layer formed on silicate glass
layer - INVENTOR: HOFFMANN, THOMAS.



3 Summary of the Invention The follow ng presents a
sinplified summary in order to provide a basic
under st andi ng of some aspects of the invention. This
summary i s not an extensive overview of the

invention. It is intended neither to identify key or
critical elenments of the invention nor to delineate

the scope of the invention. Rather, the primry

pur pose of the summary is to present some concepts of

the invention in a sinplified formas a prelude to

the nore detailed description that is presented

| ater. An exanpl e enbodi nent of the resent invention p
provides a structure and a nethod of manufacturing a

sem conduct or device using two deuterium containing
anneal s which is chagacterize g foI .ows. W provide

a NFET transistor in H"NR&Y ? @ejﬁv?ﬂ 185 bst r at e:

and provide a PFET transistor in a PFET region in the
substrate. W forma NFET tensile contact etch-stop

liner over tH&eNpiowipggiresentsna sieplifiadrsummparysin order to provide a
PN MaRT! sihe dRBaB ¥ e Beffort Thid Himmany s not an
leixtemsiveoyertidve oPHETNKenficon it |Wa1témﬂrd meithee lte aentify kegy@rcritical

Bt SO Ao B aNH SstBiRb BEEr b oither v
PRRERY p@tfpotsb of Bebsirhaiaty RltodreRe @drﬁeeéﬂ?\%é?tstﬂf%e Hention in a
second enperature is |ower than the firs

m{élﬁatf@rf@as FrEclpB e thihamope felpilad danerinjios taptds presented
ffatures are of representative enbodi ments only, and
are not exhaustive and/ or exclusive. They

An example embodiment of the present invention provides a
structure and a method of manufacturing a semiconductor device using two

deuterium containing anneals which is characterized as follows.

We provide a NFET fransistor in a NFET region in a substrate;
and provide a PFET transistor in a PFET region in the substrate. We form a NFET
tensile contact etch-stop liner over the NFET region. We perform a first deuterium
anneal of the substrate at a first temperature. We form a PFET compressive etch
stop liner over the PFET region. We form a dielectric layer over the substrate. We
form contact openings through the dielectric layer. We perform a second
deuterium anneal of the substrate at a second temperature. The second

temperature is lower than the first temperature.

The above and below advantages and features are of
representative embodiments only, and are not exhaustive and/or exclusive. They

are presented onty to assist in understanding the invention. It should be
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are presented only to assist in understanding the
invention. It should be 4 understood that they are not
representative of all the inventions defined by the
clainms, to be considered |imtations on the invention
as defined by the clains, or limtations on
equivalents to the clains. For instance, sone of these
advantages nmay be nutually contradictory, in that

t hey cannot be sinultaneously present in a single
enbodi nent. Simlarly, sone advantages are applicable
to one aspect of the invention, and inapplicable to
others. Furthernore, certain aspects of the clained

i nvention have not been di scussed herein. However, no
untierstowkthahthiglydire Ipet thpresentalpay ofi Aight hosmtidhs cetssdby the

hﬁéﬁin relatiégﬁtg,those not di scussed herein other
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met hod for manufacturing a sem conductor device using

two anneal s according to an exanple enbodi nent of the
present invention. Figure 9 shows a plot of Nornmalized
Hot-Carrier Shift vs D2 anneal tenperature and
sequence according to an exanpl e enbodi nent of the
present invention. Figure 10 shows a plot of PFET
Performance vs D2 Anneal Tenperature according to an
exanpl e enbodi nent of the present invention. 6
Det ai | ed Description of the Exanple Enbodi nents A

I ntroducti on The exanpl e enbodi nents of the present
invention will be described in detail with reference
to the acconpanyi ng drawi ngs. An exanpl e enbodi nent
provi des a nethod of formng a device with both PFET
and NFET transistors using a PFET conpressive etch
stop liner and a NFET tensile etch stop liner. The

embodi nent uses t BeichDeekiption &F theUubiwiHgs ( D2)
cont ai ni ng atnosphere to inprove hot carrier

reliability. T faatusscanm advaitaees Abassmideadurios derge

. , | . .
3RSl ® S BLEEAD ' R BRI o1 986l Mt
sheh aisesicarshetdr eleyisatiaatcetdance siithghé presenhasehiemwill be

. This fi D2 | Wil eal d. ir . .
P8 Blery i teiniadlirnly BRTaToyPh cesdTbE ke sty wit
trenpccvaspargiref @awiigdn Mg liks refé@Ps nLRbr A% esidh@te similar or
PFET Tx. An inter-layer dielectric (ILD) layer is

PRI RRRPNGIYY elementss ipdiopaerd peditnsandipveEchir e et ched
through the ILD layer. A barrier netal

Figures 1 through 8 are cross sectional views for illustrating a
method for manufacturing a semiconductor device using two anneals according to

an example embodiment of the present invention.

Figure 9 shows a plot of Normalized Hot-Carrier Shift vs D2
anneal temperature and sequence according to an example embodiment of the

present invention.

Figure 10 shows a plot of PFET Performance vs D2 Anneal

Temperature according to an example embodiment of the present invention.



second (nedium) tenperature D2 anneal is perforned

at a second tenperature. The second anneal repairs the
damage that is caused by the plasm etch processes,
such as the two etchings in the dual liner process,
HDP deposition and the contact hole etch. The first D2
anneal is formed before the conpressive ESL is
deposited on pFET region, it does not relax the
(subsequently formed) PFET conpressive stress liner
and will not affect pFET perfornmance. The second
tenperature is lower than the first tenperature (of
the 1St D2 anneal) preferably by at |east 75 degrees
C. The second D2 anneal tenperature and tine are
carefully 7 . selected so that it will not degrade
(core) pFEPRIG W@PWW&%H@WW%F@?F% t he
PFET conpressive stress liner. On the other hand, S
dangl i ng bond which causes (thick) gate hot-carrier
reliability problem have been passivated . by these two
D2 anflelt60ductéiqianpl e enbodi nent of a net hod of
fabrication of sem conductor device is described

bel ow. B. provide a NFET transistor and a PFET

transistor Refierddanehlé @nftodithéntd of 0 RFE8ErE fventbilvilt be
transistor 39 in a NFET region 18 in a substrate 10.

vesgrited ig alefaibpiiT rafemnse 40 dre agcampanyivEiranégso nAn gxample

BRACATIHITE et XRAS JEELed LB e T
fhatibions axingresiPBET reegippes s ewhNid lipoceta NFET tensife etch
stop liner.

The embodiment uses two anneals in a deuterium (D2)
containing atmosphere to improve hot carrier reliability. In an example
embodiment, the first D2 anneal is preferably first temperature (higher thanthe T
of the second anneal) and can be performed after the first tensile contact etch-
stop-liner has been etched. This first D2 anneal will anneal and repair the damage
caused by prior process steps. Then a PFET compressive etch-stop liner is
deposited over the PFET Tx. An inter-layer dielectric (ILD) layer is formed over
the substrate. Contact holes are etched through the ILD layer. A barrier metal
layer is formed in the contact hole walls. ' .

Then, a second (medium ) temperature D2 anneal is performed
at a second temperature. The second anneal repairs the damage that is caused by
the plasma etch processes, such as the two etchings in the dual liner process,
HDP deposition and the contact hole etch.

The first D2 anneal is formed before the compressive ESL is
deposited on pFET region, it does not relax the (subsequently formed) PFET
compressive stress liner and will not affect pFET performance. The second
temperature is lower than the first temperature (of the 1% D2 anneal) preferably by

at least 75 degrees C. The second D2 anneal temperature and time are carefully
7



regi on (not shown); NFET channel 21, a NFET gate
dielectric 37; a NFET gate 38; and a gate spacer. The
gate spacer can be conprised one or nore spacers such
as a NFET first (offset ) spacer (not shown); a NFET
second spacer (e.g., spacer liner) 42; and a NFET
third spacer 44. An exanple NFET gate dielectric
t hi ckness for regular devices or thin gate dielectric
device (e.g., for core devices - not a thick I/0O
device) is preferably between 12 and 22 angstrons. An
exanpl e thick NFET gate dielectric transistor (for
e.g., I/O devices), can have a gate dielectric
t hi ckness between 32 and 72 angstrons. An exanple

@ElEEtetjrmmsit ovill Adt d@ﬂad&e(m@mﬁ BEdrioé carrBhthy ﬁ)@@k&ﬁ—‘lple
a PEET shal | ow extenS| onre

T%I#H%r egé? ETZC@@”QTF‘IS?'\%? resiolaer: On tbﬁEﬁh%ﬁ@ﬁaes' @qngllgg bond
Rikeh GRisgs ‘{’ﬂhﬁik?@bfé Gokarridr Fn %Eﬂlgﬁ% blé‘?@ hat@8edn %g%gvated by

spacer. The gaté spacer can rised oné or
Hissedwe DI aoreals. a PFET first offset spacer (not

34 "and o PRETTE LRRERNCHS Pt ERTBle oY

demicentiuctor 28vithi is kivestbddoielawnt hi n gate diel ectric or
regul ar device can be between 12 and 22 angstrons. For

he Bt BrovRNER (aiiicien ed” 6 £ L UBBRIRteR 32 and
F2araosty ol a0BseLy BN LA R3b8sir g T
gagien @8 & ecubsicate\VW). Ve pevadel y PEEIViralesistsok &l @PFET region 14
re b%%s a9tes,1e=00ar ating the

An example NFET transistor 39 can be comprised of a NFET
source drain region 32, NFET shallow extension region 28, a NFET pocket
region (not shown};, NFET channel 21, a NFET gate dielectric 37; a NFET gate 38;
and a gate spacer. The gate spacer can be comprised one or more spacers such
as a NFET first (offset ) spacer (not shown); a NFET second spacer (e.g., spacer
liner) 42; and a NFET third spacer 44.

An example NFET gate dielectric thickness for regular devices or
thin gate dielectric device ( e.g., for core devices - not a thick I/0 device) is
preferably between 12 and 22 angstroms.

An example thick NFET gate dielectric fransistor (for e.g., /O

devices), can have a gate dielectric thickness between 32 and 72 angstroms.

An example PFET transistor 41 can be comprised of a PFET
source drain region 26, a PFET shallow extension region 22, a PFET pocket
region (not shown); a PFET channel 31, a PFET gate dielectric 29; a PFET gate
30; and a gate spacer. The gate spacer can be comprised one or more spacers
such as a PFET first offset spacer (not shown) ; a PFET second spacer (e.qg.,

spacer liner) 34; and a PFET third spacer 386.
8



NFET region 18 and the PFET region 14. C. provide NFET
silicide regions and PFET silicide regions Referring
to figure 2, we provide NFET silicide regions 48 over
the NFET source drain regions 32 and NFET gate 38; and
provide PFET silicide regions 46 over the PFET source
drain regions 26 and PFET gate 30. D. forma NFET
tensile contact etch-stop |iner over the NFET region
Referring to figures 2 and 3, we forma NFET tensile
contact etch-stop liner (ESL) 50 over the NFET region
18. The NFET tensile contact etch- stop liner (ESL) 50
preferably puts a tensile stress on the NFET
transi stor (e.g., channel) to increase device
perfornance.Tﬁbé#NFEﬁ?Eﬁﬁshbﬁmcmhh&ﬁhegsﬁhfﬂhﬁﬁﬁ?é@ﬁ?edﬁcor
50 can be forned b ofmng_an etch stop liner (ESL

AT iR ice, 6y b PENsY Q%m? é< GngsteBs- the S/D
regions, gat gophithiek HFET Jé}‘é'ﬂiiéffllgctﬁ?_ﬁef/i%%@a N%Tevtﬁh%g, the gate

mask 52 over the NFET region en we renove

dielaetin dpcknassicandie eiiesa 3ByanchiE? ARGSITCESE. nesk 52,
of i t11 o mi ByPEcic s i 07 o i RRE T PR B micker

firamcths scord tidn gSke datedidc.consi st essentially of nitride

E. performa first deuterium containing anneal
Referring to figure 3, we performa first deuterium

(D2) anneal W padferdblye MPSHRHENSoI BRIV R RbAY i
600 _degrees C Pgte: 3@0 %b forI a ti rrelbet vvegeerelp%?%h@g]e
Wi Etiredioas! & and henPRRT segieal’déd . The first D2 anneal

is high tenperature and is |located after the
C. provide NFET silicide regions and PFET silicide regions

Referring to figure 2, we provide NFET silicide regions 48 over
the NFET source drain regions 32 and NFET gate 38; and provide PFET silicide
regions 46 over the PFET source drain regions 26 and PFET gate 30.

D. form a NFET tensile contact etch-stop liner over the NFET region

Referring to figures 2 and 3, we form a NFET tensile contact
etch-stop liner (ESL) 50 over the NFET region 18. The NFET tensile contact etch-
stop liner (ESL) 50 preferably puts a tensile stress on the NFET transistor (e.g.,

channel) to increase device performance.

The NFET tensile contact etch-stop liner 50 can be formed by
forming an etch stop liner (ESL} over the substrate surface (e.g., over the S/D
regions, gate structure) Then we can form a NFET ESL mask 52 over the NFET
region 18. Then we remove the etch stop liner not covered by the NFET ESL mask

52. Then the mask is removed.



first tensile contact etch-stop-liner has been etched.
This will anneal and repair the danmage to the gate

di el ectric | ayer caused by process steps prior to the
first contact etch-stop-liner (ESL) etch. For
exanpl e, damage is caused by the preceding etch step
such as the PC RIE (reactive-ion-etch), spacer etch,
silicide block etch. The structure shown in FIG 3
may be annealed in a deuterium containing atnosphere.
A deuterium containi ng atnosphere is a gas that
contains deuteriumin a higher concentration than
woul d naturally be present based on the anount of
hydrogen in the gas. This atnosphere preferably

contai ns 10- Z0R6ESlenar bewompiset of nittde FagertgnaiOvMEhemical

tl f.t t ted t .
SetrafhgRioh) ke ThF Fbicn pRecons(Rt resantll og guice
hel i um neon, argon, krypton, xenon and m xtures

t her eof . O:her possi bl e gases include hydrogen (a
smal | _ anount of whi ch i,s commonly present in

deut eFi Ba§formy '*ﬁfﬁ%@%ﬁ@rﬁofgﬁ’”’ﬂ@@ﬂéﬁﬂf ed

hydr ocar bons such as nethane and et hane. The annealing
tenperature is preferably at least 375 C. The maximum

tenperature fFIéfer&ﬁQQ@th@ 3,Swvd iparforel Pirst B@utbﬂhmf(@%eanneal
of the structure 10 being ‘anneal ed to heating W t hout

Bdiahg tampatide istepan aspyt 5P and fi9dagrges &7 apQife for a
t|§1et%%t%’§§ﬁ‘2@%ﬂt4é15r9?uﬁé@t06@&9aﬁan gi@nealing tine is
| usi on of the

chosen to al euterium into the
substrate/gate dielectric interface, and will decrease
nerea the concentration_ . of

as the tenpe r

douteri um | n RIS BRI fiob i @RoBBGEEE 88k afer the
firse &isile coniateaishstopRliedreizaliaan dtbked@MedlvingnriddMand $epair the
for at least 10 mnutes to 1

damage to the gate dielectric layer caused by process steps prior to the first
contact etch-stop-liner (ESL) etch. For example, damage is caused by the
preceding etch step, such as the PC RIE (reactive-ion-etch), spacer etch, silicide

block etch.

The structure shown in FIG. 3 may be annealed in a deuterium-
containing atmosphere. A deuterium-containing atmosphere is a gas that contains
deuterium in a higher concentration than would naturally be present based on the
amount of hydrogen in the gas. This atmosphere preferably contains 10-20%
deuterium, by volume. The remaining portion of the atmosphere is not limited, but
preferably contains an inert gas, such as nitrogen, helium, neon, argon, krypton,
xenon and mixtures thereof. Other possible gases include hydrogen (a small
amount of which is commonly present in deuterium), and hydrocarbons or
deuterated hydrocarbons such as methane and ethane.

The annealing temperature is preferably at least 375° C. The

maximum temperature for annealing is limited by the tolerance of the structure

10



hour. F. form a PFET conpressive etch stop |liner
Referring to figure 4, we forma PFET conpressive etch
stop liner 58 over the PFET region 14. The PFET
conpressive etch stop liner 58 puts a conpressive
stress on the PFET transistor (e.g., channel). The
PFET conpressive etch stop |liner 58 can be forned by
1) formng a ESL | ayer over the substrate, 2) masking
to cover the PFET region and 3) etching to renove the
unmasked region; and 4) renoving the mask. G forma
dielectric layer As shown in figure 5 we forma (ILD)
di el ectric |l ayer 62 over the substrate 10. The

dielectric layer is preferably a HDP CVD oxi de |ayer
pelaesaed iwigatigoavitheut Relas slasagesk Prefeoabty itie ABosaling

¥ q?)s Referring to figure
gé,}ﬁé%rra orrﬁgb%érﬁng%:t%%gg%@g avilt%ig contact nask
openi ngs over the dielectric layer 62. L form contact
openings int dielectric |layer fgorm cont act _
openi ngs 70 iﬂﬁ? ﬁ@n%"ﬁ@lget@?? |sce/ho§§8r0@gow Ifgsigmof e dputerium
[Hto ¢ies substhatd/atecaibleasic iMRkcE SahEwiineitré S9N the témperature
forma liner on the sidewalls of the dielectric |ayer

Reredisan thecancgatratian ol @euteriyman thenatmasphere ingeeases, and/or the
PrARVA nersebBreferably, the annealing time is for at least 10 minutes to 1

hour.
F. form a PFET compressive etch stop liner

Referring to figure 4, we form a PFET compressive etch stop
liner 58 over the PFET region 14.

The PFET compressive etch stop liner 58 puts a compressive
stress on the PFET transistor (e.g., channel).

The PFET compressive etch stop liner 58 can be formed by 1)
forming a ESL layer over the substrate, 2) masking to cover the PFET region and
3) etching to remove the unmasked region; and 4) removing the mask.

G. form a dielectric layer

As shown in figure 5, we form a (ILD) dielectric layer 62 over the
substrate 10. The dielectric layer is preferably a HDP CVD oxide layer preferably
having a thickness between 5500 and 7500 angstroms.

H. form a contact mask
Referring to figure 6, we form a contact mask 68 having contact

mask openings over the dielectric layer 62.

1. form contact openings in the dielectric layer

We form contact openings 70 in the dielectric layer 62 using an
etch process.

11



dielectric |layer 62 and over the PFET and NFET
silicide regions 46 48. The liner 72 is preferably
conprised of a conductive nmetal such as Ti, TiN, TaN
or conbinations thereof. K performng a second
deuterium anneal As shown in figure 7, we performa
second deuterium anneal 73 at a tenperature between
350 and 500 (tgt between 400 and 450 degree C) for a
time between 20 and 40mi ns. The second deuterium
anneal tenperature is less than the first d2 annea
tenperature by at |east 75 degrees and nore
preferably at |east 100 degrees. The purpose of the
second deuteriumanneal is to repair damage on the
gat e di el ect rlihe coliacanask @3 ssthen pemoesd duri ng dual
contact etch stop |iner process wthout rel axing

stresyg j el f ure
b e A ST ARG i
deuteri um contai ni ng at nosphere. A
deuteri um contai ning atnosphere is a gas that

cont ai ns deuthsrshawn in figune dhee omez ineratd omthesidewalls of the

: I S : nt, .0 .
HRALACEAE ) o5 PUESBEET OSSP B AORHRYS"s. The e
dans prafisrablCcodfiskeldfer cotrductiye wadtatngtich Hae T1, G MaNGor
portion of the falt nosphere is not Ilimted, but
SPEPLIAYANS EsRPai ns an inert gas, such as nitrogen,

hel i um neon, argon, krypton, xenon and m xtures

t her ef peohiing assddonel @aseriunnghHeg hydrogen (a
smal | amount of which is commonly present in
deuterium, &sdshdwdindigarddnweqrrideutesadord deuterium anneal 73

GRS 49 A2 B 5: AR08 S B8 355R0%e ) ora
e FBNEEN TOLRINATAIET € fTaE sabaeabbi@rilim ddddal Rnffature is
Eehses3 tltugrg Fhreaf?rgf? d?? gnaga% tgrtngaggttljrreeby at least 75 degrees and more
preferably at least 100 degrees.

The purpose of the second deuterium anneal is to repair
damage on the gate dielectric caused by plasma process during dual contact etch
stop liner process without relaxing stress in the liner formed.

The example structure shown in FIG. 7 may be annealed in a
deuterium-containing atmosphere. A deuterium-containing atmosphere is a gas
that contains deuterium in a higher concentration than would naturally be present
based on the amount of hydrogen in the gas. This atmosphere preferably contains
10-20% deuterium, by volume. The remaining portion of the atmosphere is not
limited, but preferably contains an inert gas, such as nitrogen, helium, neon,
argon, krypton, xenon and mixtures thereof. Other possible gases include
hydrogen (a small amount of which is commonly present in deuterium), and
hydrocarbons or deuterated hydrocarbons such as methane and ethane.

The second annealing temperature is preferably at least 300 ° C.

The maximum temperature for annealing is limited by the tolerance of the structure

12



Preferably, the annealing tenperature is between
about 350 and 500 C. The annealing tine is chosen to
allow diffusion of the deuterium into the
substrate/gate dielectric interface, and will decrease
as the tenperature increases, the concentration of
deuteriumin the atnosphere increases, and/or the
pressure increases. Preferably, the annealing tine is
for at least 10 mnutes to 1 hour. The second D2
anneal can be perforned anytinme after the PFET
conpressive liner is formed. L. formcontact plugs
Referring to figure 8 we formcontact plugs 74
beingiangealed todwaliog witbgehbeigs damagedePoaiatadty, the agsealing

bRy e o B G €N cal po i shi ng

(CWP) the contact plug layer to formcontact plugs 74

filling the contact enj ngs 70. The contact plugs can
be conpri sed e?ﬂ?ﬁé@‘@ﬁ'“@%ﬁ“@ﬁ@“ﬂé%%@’f@ﬁm W&B@ denterium

Wit h]ecgm&mé/gmldi@b@@i@%ﬁﬂeﬁgcé,oanoc@me%g@a *%Dﬁhg%ﬁﬁerature
M exanpl e devices - I/O In an aspect of a enbodi nent,
teecageE Tthemp nepETatiydicdautedwn e theaateashhete igateasks Gand/or the

T T LN A T

Rout hat tensile and

The second D2 anneal can be performed anytime after the PFET

compressive liner is formed.

L. form contact plugs

Referring to figure 8, we form contact plugs 74 filling the contact
openings 70.

The contact plugs can be formed by 1) depositing a contact plug
layer over substrate; and 2) chemical-mechanical polishing (CMP) the contact
plug layer to form contact plugs 74 filling the contact openings 70.

The contact plugs can be comprised of Tungsten (W).

The device continues on with conventional processing to

complete the device.

M. example devices - I/O

In an aspect of a embodiment, the NFET and PFET devices
formed are thick gate 1/0 (input/output devices) and thin gate core device. The
dual contact etch-stop nitride 50 58 was implemented so that tensile and
compressive nitride film were deposited on the nFET 39 and pFET 41
respectively. The mechanical stress from the nitride films 50 58 can modulate the

channel mobility and hence the drive current.

13



conpressive nitride fil mwere deposited on the nFET 39

and pFET 41 respectively. The nechani cal stress from
the nitride filnms 50 58 can nodul ate the channe
nmobility and hence the drive current. 13 Both the high
tenperature D2 (deuteriumgas) anneal 51 (Figure 3)
and nedi um tenperature D2 anneal 73 (figure 7) can

i nprove thick gate nFET hot-carrier reliability
because it is thought to passivate Si-dangling bonds
under gate oxide and Si channel interface. Al so, the
tenperature of D2 anneal 73 (figure 7) has to be
carefully selected so as not to relax the nechanica
stress of contact etch-stop nitride liner sitting on
top of thin gate pFET device, which in turn does not

reduce pFET' @ofﬂ’@]‘elﬁléﬂ t@%e?étﬁréﬁ?&ﬂe&%ﬁuﬂﬁ%@neél%1 (Figure

an exanpl e enbodi men have s
B}naﬂd\medlhrrcﬂengmﬁurﬂ:ﬁl dmoeac &3 (figare 7 gbambnpriovy thick gate nFET

Bk v FREB TRt ] SRR pe B ataBogiond uncer
dlatcroidez @ad Both&raiel irgsrfsely. f Alsy SthB2tenfiteiire bE RIS E3
énd sequence The normalized hot-carrier shift is a

e /1 B7s Wcherarehiligelrated sappinet ta wiaalbel mewamw stress of
H@rﬁébﬂﬂcﬁ Qﬁ)ﬁﬂgﬁl'qu'uel’@ttﬁ%?m b:}pt St thil g#ag E;E‘t@tbl'ledrjes\}?@epm in turn

ler 'than unit ower t igur
d@eehmdaceppBETefmetﬂm awrltmmdqwrfmmezcexnneal

T t PFET Lon-! ol ot , i for, PFET
vor For mance. HPGrxeBistba®ifi i Ba% st Alecliave to
imprbes tHickgate rAET lsamearh@ﬂ felighilighwitidut deb@di®f thet gateIFET

| ef
rnob?lity and drive current.

N. supporting data

Figure 9 shows a plot of Normalized Hot-Carrier Shift vs D2

anneal temperature and sequence.

The normalized hot-carrier shift is a gauge for determining hot-
carrier reliability. For meeting the modeled HC spec, its value should be equal or

smaller than unity. (The lower the better).

Figure 10 shows a plot of PFET Performance vs D2 Anneal
Temperature. PFET lon-loff plot is a gauge for PFET performance margin. PFET
performance is better with higher lon at the same loff (right line is better than left
line). The plot shows that PFET performance is better with lower D2 anneal
temperature. The low temperature is 400 degrees C. The high temperature is 550
degrees C. Low temp data points are the squares. High temp data points are the

circles on the graph.
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line). The plot shows that PFET performance is better

with [ower D2 anneal tenperature. The |ow tenperature
is 400 degrees C. The high tenperature is 550 degrees
C. Lowtenp data points are the squares. High tenp
data points are the circles on the graph. 14 O
non-limting exanple enbodi nents An feature of this
enbodi nent is to use two D2 anneals on dual contact
etch-stop stressor liner process. The first D2 annea
is at high tenperature than the second D2 anneal. The
first D2 anneal can be preforned after the first
tensile contact etch-stop-liner has been etched. This
wi |l anneal and repair the danage caused by prior
process steps. Then a second | ayer of conpressive
etch- stop liner was deposited. Afterwards, a second
medi um t enperature D2 anneal 73 can be perforned
after barrier netal liner 72 deposition. An advantage
of doing the second anneal is that it repairs the

damag 8 that |s caused % the plasma process. In the
abov ePd89FrIBEinshexaime QFHEPPI det ails are set

forth such ssur.e setti

t hi cknesses, ii}fgaﬁjrﬁe R%\?%SWBE@ 'Bv’ﬁg(é uze ﬁg‘? D2 anneals on dual

tdjwtaott@bhﬁmiﬁﬁtﬁéémdhm pbcédie T‘héﬁfﬁﬁﬂm Bt id ahigh hehBerature
Eed in reali ze that power settings,

%ﬁ@@orﬂé Egsam&ab Thedietlad @@na@i&a@chﬁ ryﬁfaﬁtnegpéﬁelf ihe first
@Fﬂll%bhtaﬁﬁétﬁhfsﬁ@énlr%}%é%r@é& QEnh&d Wtﬁé"ﬁtﬂlta?ér%ai"ﬁﬂcﬁ E%fau‘ the

be obvious, however, to one
éamaga @tauﬁéﬁébp pegemocem/ stetol heraya &tm:opd dayter o€ dompressive etch-

' ot her | nce
OB bR EBRERE ARrvfSech PBbn B R Ry R Faneal 73
ot be lpea‘oeae@aftéwbamecmemltﬁher P2 egpaditio venadRihtage of doing
the second anneal is that it repairs the damage that is caused by the plasma

process.

In the above description numerous specific details are set forth
such as flow rates, pressure settings, thicknesses, etc., in order to provide a more
thorough understanding of the present invention. Those skilled in the art will
realize that power settings, residence times, gas flow rates are equipment specific
and will vary from one brand of equipment to another. It will be obvious,
however, to one skilled in the art that the present invention may be practiced
without these details. In other instances, well known process have not been
described in detail in order to not unnecessarily obscure the present invention.

Aithough this invention has been described relative to specific
insulating materials, conductive materials and apparatuses for depositing and
etching these materials, it is not limited to the specific materials or apparatuses but
only to their specific characteristics, such as conformal and nonconformal, and

capabilities, such as depositing and etching, and other materials and apparatus
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Al though this invention has been described relative to
specific insulating materials, conductive materials

and apparatuses for depositing and etching these
materials, it is not [imted to the specific materials

or apparatuses but only to their specific
characteristics, such as conformal and nonconfornal,

and capabilities, such as depositing and etching, and
other materials and apparatus 15 can be substituted as

is well understood by those skilled in the

m croelectronics arts after appreciating the present

i nvention Gven the variety of enbodi nents of the

present invention just described, the above

das Bkisdbs@tedndb islWalslinddrsead b’%/"tﬂéé\é@ﬁlilllélﬁmttﬁb@ﬁcﬂa%lectromcs
limting the scope of the present invention defined

Biis @fer aprierigtingwia erespet iNMeBHAN on has been

particularly f

the pr eferreﬁ%&%'ﬁ%é @pg%][ne‘ﬁﬂ%&ﬁmﬁ p?%%}ﬁ?m}e?mon just
daskaritHiothE dhovehitzseriptsdn bhe diustatidres showv hdidie taken @sdimiting the

n _form and deta made wi t hout
SEa oG Pro et Intanust FRtng BV beodaier e | nvent i on.
't is intendgghiledthe MMRIntivAHRWeenBHidI SR} Sie3ien aRd descrtbed
simlar arranlgemsnts and procedures, and the scope of

B refgppnraededne Pes ﬁ%ed pevsgnentsibereal, bfe‘Nlﬂé@dmi@cﬂStpﬁ@ by those
|
P80 e D11 PSR 5710 B ARE T Do
niépzwnag friogn meamﬁcandsscobe otkthmtrivedtlcm It &bintesrateidda cofrer various
sem coquct or device:

BB A B, Ao SRS H i piqbEatShand tnescgbe of the

sppeidadt GainritlergibrR\dHUNDbe abEdr el R Bioaldest interprdthtfoh so as to
region in the substrate,;
encompass all such modifications and similar arrangements and procedures.
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b) formng a NFET tensile contact etch-stop |iner over
the NFET region; c) performng a first deuterium
anneal of the substrate at a first tenperature; d)
form ng a PFET conpressive etch stop liner over the
PFET region; e) formng a dielectric |ayer over the
substrate; f) form ng contact openings through the
dielectric layer; g) performng a second deuterium
anneal of the substrate at a second tenperature said
second tenperature is lower than said first
tenperature. 2. The nethod of claim 1l wherein said
second tenperature is lower than said first
tenperature by at |east 75 degrees. 3. The nethod of
claim1 which further includes form ng contact plugs
filling the contact openings. 4. The nethod of claim
1 wherein said first tenperature is between 500 and

G id second tenperature is between 350 and
o gt

e nethod of claim1l wherein said first
l enp enethad ef fabrisetioeehs&0idondiactéNdevi; mocpraing thiersdeps of :

deuteriumanneal is rmed for i bet.ween ,2 )
and 20 " nehe%Ring § oS BATEGRE o Bl Bl ubstate; and
bet ween 350 apdviRiy £PEPET fraesistseRONPFETNegiontih iRe bSbstrate;
bet ween 20 and 40 mns. _ ,
b) forming a NFET tensile contact etch-stop liner over the NFET
region;
c) performing a first deuterium anneal of the substrate at a first
temperature;
d} forming a PFET compressive etch stop liner over the PFET region;
e} forming a dielectric layer over the substrate;
f) forming contact openings through the dielectric layer;
g) performing a second deuterium anneal of the substrate at a second
temperature said second femperature is lower than said first

temperature.

2. The method of claim 1 wherein said second temperature is lower than said first
temperature by at least 75 degrees.

3. The method of claim 1 which further includes forming contact plugs filling the
contact openings.

4. The method of claim 1 wherein said first temperature is between 500 and 600
C; and

said second temperature is between 350 and 500 C.

5. The method of claim 1 wherein said first temperature is between 500 and 600

C and said first deuterium anneal is performed for a time between 20 and 40

mins; and
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6. The method of claim1l wherein said first deuterium
anneal and said second deuterium anneal are perforned
in an deuterium containing atnosphere conpri sing

bet ween 10 and 20% deuterium 7. The nethod of claim1
wherei n said PFET conpressive etch stop |liner and said
NFET tensile contact etch-stop liner are conprised of
nitride. 8 The nethod of claim1 which further
includes formng a liner on the sidewalls of the
dielectric |ayer and over the PFET and NFET silicide
regions; said liner is conprised of a conductive
metal . 9. The nethod of claim1 which further includes
formng a plurality of said NFET transistors and said

PFET transi skgifsedoh8 ti¥ibdrdilirdNs batpdeh @S@aﬁ@ﬁgb IS8Ad the
of thick gate and thin gate dielectric NFET

seenrsl el ligeds HeiveaPr2d andgHdmin®drs  are conpri sed
of thick gate and thin gate dielectric PFET
transistors; the thick gate dielectric NFET and PFET

6r ans nadtiesd ohalsien 4 vafreindiadd fict degtetibat anrieal aindl @dd second
20A thicker than the thin gate dlelectrlc%NFET and
PrESUlEFUMsaies) are pegormed deutesHm st AN A FHMogPphere

f UEbRBFisihg Bletidkesn § 9 aRH P9oadRlidFiahd.ty of said NFET
transi stors and said PFET transistors; the NFET

¥ r e msttied obelaine d vpareiadast F’FEchormrtB@Sia@] gtohratep jagreand said
di g| r nsi stors
ar gF%g{nt'pe) bglééglgd&‘ -E?ét %&? Eﬁ%}q n%r gP@a&%hﬂsg’fgr r{é’%el ectric
B’FETe trictined of daisn 1 sdtiich tdnltheknrg:hlcmsdf(ﬂhmg a licelNirEheagidewalls of

beiEBE sl A e e B E1 et NER.STie BaDrhi
gakﬁidqil'nélL %Cédnh;ﬁ'léﬂﬁ%-r athdubBielmietansi stors has a gate

dielectric with a thickness between 12 and 22
angstrons.

9. The method of claim 1 which further includes forming a plurality of said NFET
transistors and said PFET transistors; the NFET transistors are comprised of
thick gate and thin gate dielectric NFET transistors and said PFET fransistors
are comprised of thick gate and thin gate dielectric PFET transistors;
the thick gate dielectric NFET and PFET transistors have a gate dielectric that
is atleast 20A thicker than the thin gate dietectric NFET and PFET transistors.

10. The method of claim 1 which further includes forming a plurality of said NFET
transistors and said PFET transistors;

the NFET transistors are comprised of thick gate and thin gate
dielectric NFET transistors and said PFET transistors are comprised of thick gate
and thin gate dielectric PFET transistors;

said thick gate dielectric NFET and PFET transistors have a gate dislectric with a

thickness between 32 and 72 angstroms; and the thin gate dielectric NFET and

PFET transistors has a gate dielectric with a thickness between 12 and 22

angstroms.

11. A semiconductor structure produced by the method of claim 1.
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11. A sem conductor structure produced by the nethod
of claiml1l. 18 12. A nethod of fabrication of

sem conduct or device; conprising the steps of : a)
providing a NFET transistor in a NFET region in a
substrate; and providing a PFET transistor in a PFET
region in the substrate; b) formng a NFET tensile
contact etch-stop liner over the NFET region; c)
performng a first deuterium anneal of the substrate
at a first tenperature; d) formng a PFET conpressive
etch stop liner over the PFET region; e) formng a

di el ectric |l ayer over the substrate; f) formng
contact openings through the dielectric |ayer; @)
formng a liner on the sidewalls of the dielectric

| ayer; (1) perform ng a second deuterium anneal of the
substrate at a second tenperature said second

m?gfgrrﬁétgéﬁ? ?aﬂrl%\ggfin toﬂ%{é}pg?ﬁ# Lgc’tlzn.l (ﬁé\flcé %% n%stge &teps of :
first tenmpep@vidieg AWNRET traaskto?ih d bFEeREgidy mh)ﬁmﬂbsftu@te and

et hod of ! aPIRENGA S HISIEOF I A T EABIOR 088 pubstrate:

bet ween S50fopmthg 8AFET tendMdcSabet SBKQ ﬁr%'ﬂ’lé%ﬁ‘%rr@FET
i's between 350 and 500 C. 14. The nethod of claim 12

wherein said fE%i¥YL, tenperature i s between 500 and 600
C and sai eﬂ;érg@h ﬂ@%{tf%t'dé”}é?r‘d?ﬁ%hné& R QUi %ed 9 a frst

time bet
temperature;

d) forming a PFET compressive etch stop liner over the PFET region;
e) forming a dielectric layer over the substrate;
f) forming contact openings through the dielectric layer;

g) forming a liner on the sidewalls of the dielectric layer;

(1) performing a second deuterium anneal of the substrate at a
second temperature said second temperature is lower than
said first temperature; wherein said second temperature is

lower than said first temperature by at least 75 degrees;

h) forming contact plugs filling the contact openings.

13. The method of claim 12 wherein said first temperature is between 500 and

600 C; and
said second temperature is between 350 and 500 C.

14. The method of claim 12 wherein said first temperature is between 500 and
600 C and said first deuterium anneal is performed for a time between 20 and
40 mins; and

said second temperature is between 350 and 500 C and the

second anneal time is between 20 and 40 mins.
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40 m ns; and said second tenperature is between 350
and 500 C and the second anneal tinme is between 20
and 40 mns. 19 15. The method of claim 12 wherein
said first deuterium anneal and said second deuterium
anneal are perfornmed in an deuterium contai ning

at nosphere conprising between 10 and 20% deut eri um
16. The method of claim 12 wherein said PFET
conpressive etch stop liner and said NFET tensile
contact etch-stop liner are conprised of nitride. 17.
The nmethod of claim 12 which further includes said
liner is conprised of a conductive netal. 18. The
met hod of claim 12 which further includes formng a
plurality of said NFET transistors and said PFET
transistors; the NFET transistors are . conprised of

tIRi &he thetﬂéo%ﬂﬁc'?ﬁ‘i‘ ﬂZwﬁe*eiS@i%@ﬁr ﬂ%UtRF'ET' Q'}rﬁ%@@oﬁaid second
a”geéﬁriﬁm Atrtehl bF @%rl%h%& irfh d%GfQﬁﬁhﬁ&S’ntQifniﬁd;ét%sgﬁ fe
and thi C e thic

n gate dielectric PFET transistors; t
gacengiieingdetiveeFEBnd i) PEETerivemsi st ors have a gate

l.e ' . | east . icker t.han t hin
Jar 26 i PPeich 29 MnesSRRer P AR T Jo T Epe0 Y B Yot Ik and
mehiold NFEToteasite dahtadti atbh-Staptliver atencodragased of mitrig. a
plurality é)é f’ﬂ' d NFET .transistors and said PFET
tI7 ahBe Stedhad ot fainig whicthivsther ickidgpesaid pes is&@myrised of a
t hisgKa@ait,8 nadtd; thin gate dielectric NFET transistors
and said PFET transistors are conprised of thick gate
d8dThéimetiged ef dpieh 42t which Pithertincluddsosming a plurality of said

NFET transistors and said PFET transistors; the NFET transistors are

comprised of thick gate and thin gate dielectric NFET transistors and said

PFET transistors are comprised of thick gate and thin gate dielectric PFET

transistors;

the thick gate dielectric NFET and PFET transistors have a gate dielectric that

is at least 20A thicker than the thin gate dielectric NFET and PFET transistors.
19. The method of claim 12 which further includes forming a plurality of said

NFET transistors and said PFET transistfors;

the NFET transistors are comprised of thick gate and thin gate

dielectric NFET transistors and said PFET transistors are comprised of thick gate
and thin gate dielectric PFET transistors;
said thick gate dielectric NFET and PFET transistors have a gate dielectric with a
thickness between 32 and 72 angstroms; and the thin gate dielectric NFET and
PFET transistors has a gate dielectric with a thickness between 12 and 22

angstroms.

20. The method of claim 12 which further includes:

(1) the NFET tensile contact etch-stop liner is formed by forming
an etch stop liner over the substrate surface; forming a NFET
20



said thick gate dielectric NFET and PFET transistors
have a gate dielectric with a thickness between 32
and 72 angstrons; and the thin gate dielectric NFET
and PFET transistors has a gate dielectric with a
t hi ckness between 12 and 22 angstrons. 20. The nethod
of claim12 which further includes: (1) the NFET
tensile contact etch-stop liner is formed by form ng
an etch stop liner over the substrate surface; formng
a NFET 20 ESL mask over the NFET region; renoving the
etch stop liner not covered by the NFET ESL mask; (2)
said NFET transistor is conprised of a NFET source
drain region, a NFET pocket region; a NFET gate

dielectric; a @MNeERLGat 8veﬁh5'ﬁ%ﬁ%§9@ﬁ%‘nn R %M Sop liner

PFET transistor 1s conprised source ral n
regi on, a PFET npdtcoveies] cthei Nt ERESEENagkit e; a PFET
gate spacer; (4) providing isolation regions

separating id NF egi'on and sai d PFET
provi di ng NFETSg |E¢ﬁér%§i%ﬁ%cwef'8$£e s%cer% ain

drain regions r%@ﬂ)nNgﬁFSﬁt[ﬁ)ck@f%ger‘é'P@FE@ Adielectric: a
silicide regions™ over the PFET sOurce drain regions

and PFET gate. MAET gatesrd Bbhdgat®epasaruct ure produced
by the nethod of claim12. 21

(3) said PFET transistor is comprised of a PFET source drain
region, a PFET gate dielectric; a PFET gate; a PFET gate

spacer;

(4) providing isolation regions separating said NFET region and
said PFET region;

(5) providing NFET silicide regions over the NFET source drain
regions and NFET gate; and providing PFET silicide regions

over the PFET source drain regions and PFET gate.

21. A semiconductor structure produced by the method of claim 12.
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