STRESS OFTi M ZATi ON | N DUAL EMBEDDED EPI TAXI ALLY GRONN SEM CONDUCUOR
PROCESSI NG BACKGROUND OF THE | NVENTI ON The present disclosure
generaHy relates to sem conductor integrated circuits. Mdre particularly,
the present disclosure relates to the optim zation of stress in dual
enbedded epitaxially grown sem conductor structures. SUMVARY OF THE

| NVENTI ON 10These and ot her issues are addressed by nethods for stress
optim zation in dual enbedded epitaxialiy grown (EFI) structures of

sem conduct or devices. Exenplary enbodi nents are provi ded. An
exenpl ary enbodi nent net hod for manufacturing dual enbedded epitaxially
grown sem conductor transistors includes depositing a first el ongated

i soxi de spaceFRBSErOPTIIZATHANIBCIRHAL: EMES BPSERJ%AKFNF%Y@'RO es,
depositing a first elongated nitride spacer on the first oxi de spacer,
depositing a first photor &MICONDUICTEIR AROGESSING spacer above the first
transistor, etching the first nitride spacer above the second transistor,
inmplanting a first halo around the second transistor, etching a first
recess in an outer portion of the first halo, stripping the first

phot or esi facRerOUNE OF MTHE INVVERTREYQr, formng a first epitaxially grown
sem conductor material in the first recess, inplanting a first extension in

a top Bortion afhelfesdiiidhcidREYeRbrally RS bRl RN RRIFEGRAPCKI NG Oxi de

over

circuits. More particularly, the present disclosure relates to the optimization of

stress in dual embedded epitaxially grown semiconductor structures.

SUMMARY OF THE INVENTION

10 These and other issues are addressed by methods for stress
optimization in dual embedded epitaxially grown (EPI) structures of
semiconductor devices. Exemplary embodiments are provided.

An exemplary embodiment method for manufacturing dual embedded
epitaxially grown semiconductor transistors includes depositing a first elongated

15 oxide spacer over first and second transistors of different types, depositing a
first elongated nitride spacer on the first oxide spacer, depositing a first
photoresist block on the nitride spacer above the first transistor, etching the first
nitride spacer above the second transistor, implanting a first halo around the
second transistor, etching a first recess in an outer portion of the first halo,

20  stripping the first photoresist above the first transistor, forming a first epitaxially
grown semiconductor material in the first recess, implanting a first extension in

a top portion of the first material, depositing an elongated blocking oxide over



the first and second transistors and first extension, depositing a second
phot oresi st bl ock on the bl ocki ng oxi de above the second transistor and
first extension, etching the biocking oxide and first nitride spacer above
the first transistor, inplanting a second halo around the first transistor,
etching a second recess in an outer portion of the second halo, stripping

t he second phot oresi st above the second transistor, formng a second
epitaxially grown sem conductor material in the second recess, inplanting a
second extension in a top portion of the second material, etching the

bl ocki ng oxi de above the second transistor, etching nitride caps fromthe
first and second transistors, depositing a second 10 el ongat ed oxi de spacer
on the fi ttstfirahahd seomd trarsimostandsijrstegession mppestisgenee@ndngat ed nitri de
spacer on the second oxi de spacer, etching the second nitride spacer to

| eave nit pheleredistanedi en tieasiockigabreise @bovathd sesindarahsssioroant finshnsi st or s
and inplanting deep sources and drains in the first and second transistors.

The presepiiedsivgl O8HING M blodrtd dHidd8hd ERAItEEE 8Padaramolbend fifst owi ng
description of exenplary enbodinments, which is to he read in connection

i th the ReqOERANKId G Ot 1B Efo ESRB TN o SenPRAaRRg The

present disclosure prov S nethods for stress optimzation in dual

cribedded SREIh Aholud Rl GFY SEHHTPHEE B PR ook bReacces [0
a schemt ia(t:)O\\//ee mel é:eagonaitl('ja%s?gtoer\,’vfo?}cnir?g g %[an;:gr?& gr‘fi%xcl)arlly grown semiconductor
material in the second recess, implanting a second extension in a top portion of
the second material, etching the blocking oxide above the second transistor,
etching nitride caps from the first and second transistors, depositing a second
10 elongated oxide spacer on the first and second transistors, depositing a second
elongated nitride spacer on the second oxide spacer, etching the second nitride
spacer to leave nitride sidewalls around gates of the first and second
transistors, and implanting deep sources and drains in the first and second
transistors.
15 The present disclosure will be further understood from the following

description of exemplary embodiments, which is to be read in connection with

the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

20 The present disclosure provides methods for stress optimization in dual
embedded epitaxially grown (EPI) structures of semiconductor devices in

accordance with the following exemplary figures, in which:



structure after re-oxidation of spacer zero in accordance with an exenplary
enbodi nent of the present disclosure; Figure 2 shows a schematic
vertical side view of a sem conductor structure after nitride deposition of
spacer one in accordance with an exenplary enbodi nent of the present

di scl osure; Figure 3 shows a schematic vertical side view of a

sem conduct or structure having a pFET hal ol extension inplantation |ayer
(PH) after deposition of photoresist by inductive plasma source (IPS) to

bl ock the negative channel 10 field effect transistor (nEET) in accordance
wi th an exenpl ary enbodi nent of the present disclosure; Figure 4
shows a schematic vertical side view of a sem conductor structure after a
reactive ion efighre RisBpwsfa sehematicrvegical siseerewREASRMIENAYES t i ve channel
field effect transistor (pFET) in accordance with an exenpl ary 15enbodi nent
of the pr ebecitralaféer resaxidgtion of spaceti zaue én Becaghdarceawile Re XeMPlanérti cal si de
view of a sem conductor structure during halo inplantation around the pFET

i N accor danfbdwhétit dinhexaseinadigclestredi mnent of the present disclosure;
Figure 6 shows a schematic vertical side view of a sem conductor 20

structure aft efiggr&E2tsPon@EEsshdnheticSidriic BideSiigw @b awentibenduElol i n accor dance
with an exenpl ary enbodi nent of the present disclosure; Figure 7

shows a S%pﬁgﬁhifﬁﬂaﬁﬁifrid%ade(pgéﬁﬁn% %\g%%l{r dc?esiﬁ@c%f@ﬂ%é NithSirf &igdmianaf ter

stripping phot or esi st In a nce with an exenpl ary enbodi nent

of the preaebiMbR%Grate bésent disclosure;

Figure 3 shows a schematic vertical side view of a semiconductor
structure having a pFET halo/extension implantation layer (PH) after deposition
of photoresist by inductive plasma source (IPS) to block the negative channel

10 field effect transistor (nFET) in accordance with an exemplary embodiment of
the present disclosure;

Figure 4 shows a schematic vertical side view of a semiconductor
structure after a reactive ion etch (RIE) of the nitride spacer one on the positive
channel field effect transistor (pFET) in accordance with an exemplary

15 embodiment of the present disclosure;

Figure 5 shows a schematic vertical side view of a semiconductor
structure during halo implantation around the pFET in accordance with an
exemplary embodiment of the present disclosure;

Figure 6 shows a schematic vertical side view of a semiconductor

20 structure after RIE to recess the silicon (Si) about the pFET in accordance with

an exemplary embodiment of the present disclosure;



Figure 8 shows a schematic vertical side view of a sem conductor structure
after formation of epitaxially grown silicon-germanium (eSiGe) in
accordance with an exenpl ary enbodi nent of the present disclosure;

Figure 9 shows a schematic vertical side view of a sem conductor structure
during inplantation of a pFET extension in accordance wth an exenplary
enbodi nent of the present disclosure; LOFigure 10 shows a schematic
vertical side view of a sem conductor structure after deposition of

bl ocki ng oxide in accordance with an exenplary enbodi nent of the present

di scl osure; Figure 11 shows a schematic vertical side view of a

sem conduct or structure having an nFET hal o/ extension inplantation |ayer
(E31-1) after @aposiftshowsad sgiematicesirical Iside W8y tod alseprondustqsFET i n
accordance wth an exenpl ary enbodi nent of the present disclosure;

Fi gure 12 sgiense aftscdtapmihi ehey phbtorsistg PR ivaeswrodince wigimac erduptaoy struct ure
after a two-step RIE of nitride spacer one on the nFET in accordance with

an exenpl b RiReHI sfBAE pRisehhaisBlogsent di scl osure; 20Fi gure 13 shows a
schematic vertical side view of a sem conductor structure during halo

| mpl ant ati on a?—iﬁiﬁe%%o%'%?s&ﬁén@ﬁwm%id@ ViBwaf 2SepBbRuttdimoodi ment  of

the present di osure:
5  structure after formation of epitaxially grown silicon-germanium (eSiGe) in

accordance with an exemplary embodiment of the present disclosure;

Figure 9 shows a schematic vertical side view of a semiconductor
structure during implantation of a pFET extension in accordance with an
exemplary embodiment of the present disclosure;

10 Figure 10 shows a schematic vertical side view of a semiconductor
structure after deposition of blocking oxide in accordance with an exemplary
embodiment of the present disclosure;

Figure 11 shows a schematic vertical side view of a semiconductor
structure having an nFET halo/extension implantation layer (BH) after

15  deposition of photoresist by IPS to block the pFET in accordance with an
exemplary embodiment of the present disclosure;

Figure 12 shows a schematic vertical side view of a semiconductor
structure after a two-step RIE of nitride spacer one on the nFET in accordance
with an exemplary embodiment of the present disclosure;

20 Figure 13 shows a schematic vertical side view of a semiconductor
structure during halo implantation about the nFET in accordance with an

exemplary embodiment of the present disclosure;



Figure 14 shows a schematic vertical side view of a sem conductor structure
after PIE of a recess in the Si in accordance with an exenpl ary enbodi nent
of the present disclosure; Figure 15 shows a schenmatic vertical side view
of a sem conductor 5 structure after stripping of PRin accordance with an
exenpl ary enbodi nent of the present disclosure; Figure 16 shows a
schematic vertical side view of a sem conductor structure after formation
of epitaxially grown silicon-carbon (eSiC) in accordance with an exenplary
enbodi ment of the present disclosure; 10 Figure 17 shows a schematic
vertical side view of a sem conductor structure during inplantation of an
NFET extension in accordance with an exenpl ary enbodi nent of the present
di scl osure; Figure 14phgwse adhesralinsvesticat Bisieatiow of asemicandsic®s vi ew of a
sem conductor structure after renoval of oxide in accordance with an
exenpl ary senbindé akert RIESoffa tdvespireendi idiascordsoce with an exeRiganye 19 shows a
schematic vertical side view of a sem conductor structure after renoval of
nitride i Rngepheatsfendbidseandiesesptary enbodi ment of the present

di scl osure; Figure 26 shows a schematic vertical side view of a

sem conduct or Fysé n8GhBIE PddRimA WRHcERRR JiéWdf Afsedfic@idubtart op | ayer for
spacer two in accordance with an exenpl ary enbodi nent of the present

di scl ogur %%ructur? after &iigﬁﬁgo?bﬁfﬁ%g?da?ﬁa‘%ﬂméﬁeyéﬁblh mBbdfett ey of a
sem conductor structure after nitride deposition of spacer two In
accordance W t h exenpl ary enbodi nrent of the present disclosure;
Fi gure ZZ?Q%BWsseﬁpg'gﬁgﬁgﬁc vertical side view of a sem conductor structure

¥ fic ver . .
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structure after formation of epitaxially grown silicon-carbon (eSiC) in
accordance with an exemplary embodiment of the present disclosure;

10 Figure 17 shows a schematic vertical side view of a semiconductor
structure during implantation of an nFET extension in accordance with an
exemplary embodiment of the present disclosure;

Figure 18 shows a schematic vertical side view of a semiconductor
structure after removal of oxide in accordance with an exemplary embodiment

15 of the present disclosure;

Figure 19 shows a schematic vertical side view of a semiconductor
structure after removal of nitride in accordance with an exemplary embodiment
of the present disclosure;

Figure 20 shows a schematic vertical side view of a semiconductor

20  structure after oxide deposition of an etch stop layer for spacer two in

accordance with an exemplary embodiment of the present disclosure;



Fi gure 23 shows a schematic vertical side view of a sem conductor structure
during deep source/drain inplantation of nFET and pFET in accordance with
an exenpl ary enbodi nent of the present disclosure, DETAILED DESCRI PTI ON OF
PREFERRED ENMBODI MENTS Exenpl ary nmet hods are provided for stress
optim zation in dual enbedded epitaxially grown (EPI) structures of

conpi enentary netal - oxi de sem conductor (CMOS) devices. Silicon-Carbide
(Bic) exhibits tensile stress. Silicon-Germanium (Si Ge) exhibits
conpressive stress when on Silicon (Si). Al though previous nethods
typically used up to six masks for processing dual enbedded EPI structures:
enbodi nents of the present disclosure use just two masks. In an
exenpl ary enbodigirat?! dhmws 4 sphHamatat vestical siqeeviborafedsesziconduckef or e Si
recessing. Just one nmask is used for negative channel field effect

transi st orssructir&Sjter aittg deositivg ofapkicerstwasiachctordapos wtith\eh eeamsiety fi el d
effect transistors (pFET). Dual halo inplantations may be perforned instead

of quad hahsodimehestthkipesent AREIoslFess rel axation uses the two masks.
Ext ensi on i nplantati on uses a bl anket w thout any addition& mask. This is

possi bl e i NCe o3 ThRRAR AR, ek (Rle NERTyaLrfigbndlER, and they

are to be rece arseni c used or the hal o, and

boron and/ ensi on. For
an T Fer Less Al §P%%adﬁ%5ﬁﬁ$ﬂﬁfﬁ%w@cy Y T e o "t he

ext ensi on i ck 0X) de nma ed, such as about 500 Angstrons thick, so
no additi cﬁﬁ@l’ Cﬁ"@?[@ t ol Pé’cﬁ?ﬁ%g E?é#éé at”ﬁe halo is high energy, such as
about 50 KEV, and the extension is_ !ow energy, such as about 8. KEV, In a
pFET channel , cﬁ'ﬂﬁb’ﬁé’ésﬁ %ﬁ?ﬂ@fﬂ@ﬂﬁ ygrtial qugp WEWALETSRHEAREICIOR ensi on hel ps
mobi lity. shown in ure 1, a sem conductor structure with

r e- oxi dat isbmictuse darllzeldeen SQp raingmiptafitatiareef ifenbead Py EGyint he ref er ence
numeral 100. The structure 100 includes a substrate 1101 first conductor
112, secormtcomtatioe twith dridxemplanhémbodioresd of thre (hE8enll disdospesed in t he
substrate, a doped p-weil region 118 in the substrate, and a doped n-well
regi onpl20 in the substrate. Poiyconductor (Poly) gate portions 122 are

di sposed on each of the n-well and p-well regions, and nitride cap portions

124 are dirsppgeePPESTHIPIIONSF PRBFERREDROVBCOMMENTS Poly gate and
nitride cap on the p-well region forman nFET, and the Poly gate and

o e oop o SRS R BAcPERls APugaten bR 120 1
Cpacer i s THRS Gl afo 0 B Rrtbbrel bt (P RHERTH ShdR-ofle o1 i 3& ure

200 is simlar t he cture 10Q,. so_du t cripti.on, ma
onitted. ﬁ?g"%??‘ﬁ@&?]’r(gﬁfég) ?’%Y'?%rg'ihﬁ%n 9@&@ ?glcfe)rqxg‘g) g’éﬁ"eﬁ@%l sposed on
top of the oxide |aye Turning now to Figure a sem conduct or
structldre %mrhgeanﬁ'mam @GB) e&hl@ﬁ%p@ﬁpf%w&rﬁﬂasﬁmhqnaqxb&"em Wi t
deposition of photoresist by inductive plasnma source (IPS) to bl ock t he
NnFET is i rdihoagbdreéaes aletyodsytypicelly eses epde sixunesks fospmcessiag sitalict ure 300
is simlar to the structure 200, so

embedded EPI structures, embodiments of the present disclosure use just two

masks.
In an exemplary embodiment, halo implantation is performed early,
20 before Sirecessing. Just one mask is used for negative channel field effect
transistors (nFET), and just one mask is used for positive channel field effect

transistors (pFET). Dual halo implantations may be performed instead of quad



duplicate description may be omtted. The structure 300 further includes a
phot erosi st (PR) bl ock 330 di sposed on top of the portion of the nitride

| ayer 10328 that is substantially above the p-well 318, but not above the
n-well 320. As shown in Figure 4, a sem conductor structure with reactive
ion etch (RE) of first spacer nitride for pFET is indicated generally by
the reference nuneral 400. The structure 400 is simlar to the structure
300, so duplicate description my be onmtted. In the structure 400, the
portion of the nitride |ayer 15428 that was above the n-well 420 has been
substantially reduced such that only nitride side walls 429 remai n around
t he pFET. Turning to Figure 5 a sem conductor structure with halo

i npl ant at ihato implaptBlang, sind sthies aradxafEmenses| the byo nrasks e Extenss nuner al  500.
In this exanple, the halo inplantatbn is a quad inplantation with both

hor i zont alimphhtatentusesla Raciketpdthent any additiobdl mesk. | THs isapmebsitde sineat al
transi stors. The structure 500 is simlar to the structure 400, so

dupl i cat e i 85mieRidpaRtsEY URed i hrET ana her SRE TGN Bepaf: fhgyns first and
second hal o i npl antati on angl es 532 and 534, wth resulting halo portions

536 and 5g§c%§s%8P%Pbng't%re frife Aé(}‘?]aﬁsﬁbelﬁ b férdfe PR, bﬁﬂ%‘o?&Péﬁr%f” the

n-wel | acent t tor and the halo portion 538 i

i 5posgd iy, anloted [e/529) %(yy%% Tiod B WIEoAERABA. SOPSHSERT B

may be used for the halo, and As may be used for the extension. A thick oxide
may be used, such as about 500 Angstroms thick, so no additional mask is
required. Here, the halo is high energy, such as about 50 KEV, and the
extension is low energy, such as about 8 KEV. In a pFET channel,

10  compression helps mobility. In an nFET channel, tension helps mobility.

As shown in Figure 1, a semiconductor structure with re-oxidation for a
zeroth spacer is indicated generally by the reference numeral 100. The
structure 100 includes a substrate 110, first conductor 112, second conductor
114 and third conductor 116 all disposed in the substrate, a doped p-well region

15 118 in the substrate, and a doped n-well region 120 in the substrate.
Polyconductor (Poly) gate portions 122 are disposed on each of the n-well and
p-well regions, and nitride cap portions 124 are disposed on each of the Poly
gate portions. The Poly gate and nitride cap on the p-well region form an nFET,
and the Poly gate and nitride cap on the n-well region form a pFET. An oxide

20 layer 126 is disposed on top of the p-well, nFET, n-well and pFET.

Turning to Figure 2, a semiconductor structure with nitride deposition for

first spacer is indicated generally by the reference numeral 200. The structure



Turning now to Figure 6, a sem conductor structure with Si recess RIEis

i ndi cated generally by the reference nuneral 600. The structure 600 is
simlar to the structure 500, so duplicate description may be omtted, In
the structure 600, Si recesses 640 and 642 have been renoved fromthe halo
portions 636 and 638, respectively. 10As shown in Figure 7, a sem conductor
structure with photoresist (PR) strip is indicated generally by the
reference numeral 700. The structure 700 is simlar to the structure 600,
so duplicate description nmay be omtted. In the structure 700. the

phot oresi st has been stripped away, uncovering the nitride |ayer 728.
15Turning to Figure 8, a sem conductor structure with epitaxially grown

Si | i con- GZORdnistma( é0 Becdiuctye; 1H§; §@1dé§||‘@?éﬁ§9§¢ﬂ%t'°6yn@mge PEY§%nce nuner al
800. The structure 800 is simlar to the structure 700, so duplicate
descri pt i dimersisuchae @0tfurtier iftledss aundttide éay@0 @28 gisposed onddpgbthe
silicon-gerinanium (Si Ge) EPi portions 844 and 846 filling the Si recesses
840 and 84zidelaggezas.vel y. 20 Turning now to Figure 9, a sem conductor
structure with pFET extension inplantation is indicated generally by the

ref erence numerginif§fow B Figire W bletni8Oftuctorsititichae HaginglepmET uct ure 800,
so duplicate description nmay be omtted. The structure 900 includes

LAk i NS4 Tmp R e PR RGBS BrpRcRRy (e ERL
200 1! U0 IR Pl TBH B3 LRRLIRE b, BE A0 030l Pulbe TFET
St T uct ur o MU A 300+ dne ekt 2R/t Suer R Es PR hcr i pt i on
may be omtted. The structure 1000 includes a thi xi de | ayer having a
first pordughcatesigserirtionmay priemitad: J@é@'&ﬁ%‘“ﬁépgg% of (U t he nFET.
photoresist (PR) block 330 disposed on top of the portion of the nitride layer
10 328 that is substantially above the p-well 318, but not above the n-well 320.
As shown in Figure 4, a semiconductor structure with reactive ion etch
(RIE) of first spacer nitride for pFET is indicated generally by the reference
numeral 400. The structure 400 is similar to the structure 300, so duplicate
description may be omitted. In the structure 400, the portion of the nitride layer
15 428 that was above the n-well 420 has been substantially reduced such that
only nitride side walls 429 remain around the pFET.
Turning to Figure 5, a semiconductor structure with halo implantation for
pFET is indicated generally by the reference numeral 500. In this example, the
halo implantation is a quad implantation with both horizontal and vertical
20 components for both vertical and horizontal transistors. The structure 500 is

similar to the structure 400, so duplicate description may be omitted. The

structure 500 shows first and second halo implantation angles 532 and 534,



10Turning to Figure 11, a sem conductor structure having an nFET

hal o/ extensi on inplantation |layer (BH) with deposition of photoresist by

i nductive plasma source (IFS) to block the pFET is indicated generally by
the reference nunmeral 1100. The structure 1100 is simlar to the structure
1000, so duplicate description may be omtted. The structure 1100 i ncl udes
PR 1160 15di sposed on the oxide 1156. Turning now to Figure 12, a

sem conductor structure with RE of the first nitride spacer on the nFET is
i ndi cated generally by the reference nuneral 1200. Here, the RIEis a
two-step RE, including a first step of isotropically (1SO dry etching for
oxi de renoval and a second step RE of the first nitride 20spacer. The

st ruct ur e wi0@sultingihaid portions 68@ asd 15381 taspedth@ly. Seredtipg haatpertde@scri pti on
may be omitted. In the structure 1200, the portion of the nitride |ayer

1228 t hat 58a8ss dbpveed rethp-narkll 5208 B3jdvast toctbs tsitbst@hidted 316, aedteed such
that only nitride side vvalis 1262 renmain around the nFET. As shown

in Fi gure nk® partisfM3808 dispb8sd Fi thEGLWER 590 bajdtahptd thelsabbed teiiucesr NFET is
i ndi cated generally by the reference nuneral 1300. In this exanple, the

hal o inpl apyation is a quad inplantation with both horizontal and vertical
conponents for both vertical and horizontal transistors, The structure 1300

AR L R R e e o A
ﬁg?g’ p\(,)\jr E F@(ﬁigastléldtgie?lgral ?Ibcy)/ tﬁg rré é?enn%elrg’u(?r?er%pgo&?"lzﬁé s{rScS:lB(raeC Bb(y Fsl éfmilg}e re, the
to the structure 500, so duplicate description may be omitted. In the structure
600, Si recesses 640 and 642 have been removed from the halo portions 636
and 638, respectively.
10 As shown in Figure 7, a semiconductor structure with photoresist (PR)
strip is indicated generally by the reference numeral 700. The structure 700 is
similar to the structure 600, so duplicate description may be omitted. In the
structure 700, the photoresist has been stripped away, uncovering the nitride
layer 728.
15 Turning to Figure 8, a semiconductor structure with epitaxially grown
Silicon-Germanium (eSiGe) is indicated generally by the reference numeral
800. The structure 800 is similar to the structure 700, so duplicate description
may be omitted. The structure 800 further includes silicon-germanium (SiGe)
EPI portions 844 and 846 filling the Si recesses 840 and 842, respectively.
20 Turning now to Figure 9, a semiconductor structure with pFET extension

implantation is indicated generally by the reference numeral 900. The structure

900 is similar to the structure 800, so duplicate description may be omitted.



10 1368 is disposed in the p-well 1318 adjacent to the first conductor
1312, and the halo portion 1370 is disposed in the p-well 1313 adjacent to
t he second conductor 1314. Turning to Figure 14, a sem conductor structure
with Si recess PIE is indicated general/ by the reference nuneral 1400. The
structure 1400 is simlar to the structure 1300, so duplicate description
may he omtted. In the structure 1400, Si recesses 1472 and 1474 have been
removed fromthe halo portions 1468 and 1470, respectively, Thus, the
incidental inplantations 1452 and 1454 have al so been renoved.
Turning now to Figure 15, a sem conductor structure with photoresist (PR
strip is indicated generally by the reference nuneral 1500, The structure
1500 is siTielsdructuse ORB irdludes immantabion flew 9ddpand axlensies Portsdttnay he
omtted, In the structure 1500, the PR 1560 has been stripped away,
uncover i ngntleS0dKitide EPapertioh§ 984 and 946 #fthe pbwit, respectialy E‘G@dtﬁiion,
sem conduct or structure with epitaxially grown silicon-carbon (eSiC) is
i ndi cat ed tgesgu@lite/otyinchees dicdanaenploreatidn d&06ns 352 ast P64tuthes 1600 i s
simlar to the structure 1500, so duplicate description nay be omtted. The
structure ,b#g80 further includes silicon-carbon (SIC) EFlI portions 1673 and
1675 filling the Si recesses 1672 and 1674, respectively. Turning to
Figure 17, a segu tanuct 1 F 4%, i ation is

5 9@%&@“&@ﬁ?ﬁtﬂ§1 %sﬂ%ﬁc&kﬂﬂkﬂéﬁ%g%ﬁ%@@iﬁﬂﬁbwﬁ&%iﬁﬁ

i ndi cated gener al reférence nuner al e 10structure 1700 is

iml to, the,.st t 600 [ Lt itted, Th
St uct ur e SEPBBIPN (Hibercar e polRyiefdbios BeHE 1080, TRE sBRcBR Ton T

ti 1778 .and 1780 in the EP tiops . 1773 and 1775, of th FET,
Fespect | vaOP LB (h e R SO 8P CHET A PR BROBTERERE BBF¥Rbns i h t he
PFET because it is still protected by the oxide Iae(er 1766, ingur ni ng now
to Fi gure 118 steictsri199Rduudes athick pkide Iavar ayodelinst reryign 1056 over

the pFET and a second portion 1058 over the nFET.

10 Turning to Figure 11, a semiconductor structure having an nFET
halo/extension implantation layer (BH) with deposition of photoresist by
inductive plasma source (IPS) to block the pFET is indicated generally by the
reference numeral 1100. The structure 1100 is similar to the structure 1000, so
duplicate description may be omitted. The structure 1100 includes PR 1160

15 disposed on the oxide 1156.

Turning now to Figure 12, a semiconductor structure with RIE of the first
nitride spacer on the nFET is indicated generally by the reference numeral
1200. Here, the RIE is a two-step RIE, including a first step of isotropically
(ISO) dry etching for oxide removal and a second step RIE of the first nitride

20 spacer. The structure 1200 is similar to the structure 1100, so duplicate

description may be omitted. In the structure 1200, the portion of the nitride

10



is indicated generally by the reference nuneral 1800. The structure 1800 is
simlar to the structure 1700, so duplicate description nmay be omtted. In
the structure 1800, the oxide | ayer above the pFET has been renoved, As
shown in Figure 19, a sem conductor structure with nitride renmoval is 20

i ndi cated generally by the reference nuneral 1900. The structure 1900 is
simlar to the structure 1800, so duplicate description nmay be omtted. in
the structure 1900, the nitride caps and sidewal |l s have been renoved from
both the nFET and pFET. Turning to Figure 20, a sem conductor structure

wi th second spacer etch stop |ayer oxide deposition is indicated generally
by the reference nuneral 2000. The structure 2000 is simlar to the

st r uct ur elaye00228 thalwysisi aeve the scwelpi 2 thhambedreshatantially regueedesushr uct ure
2000, an oxide layer 2084 is disposed on the top surface. Turni ng
now t o Fi thatenBinitraiesside walsld26dremainroundétheinfEsecond spacer nitride
deposition is indicated generally by the reference nuneral 2100. The
10structure 210Q shewsiifFidure t16, b enstandeictor atrdoes with rilpinim antetielescr i ption

may be omtted. In the structure 2100, a thick nitride layer 2186 is
di sposed @4} drtET RXhERaledtRine?diB by the reference numeral 1300. In this example,
5  the halo implantation is a quad implantation with both horizontal and vertical
components for both vertical and horizontal transistors. The structure 1300 is
similar to the structure 1200, so duplicate description may be omitted. The
structure 1300 shows first and second halo implantation angles 1364 and 1366,
with resulting halo portions 1368 and 1370, respectively. Here, the halo portion
10 1368 is disposed in the p-well 1318 adjacent to the first conductor 1312, and
the halo portion 1370 is disposed in the p-well 1318 adjacent to the second
conductor 1314.
Turning to Figure 14, a semiconductor structure with Si recess RIE is
indicated generally by the reference numeral 1400. The structure 1400 is
15 similar to the structure 1300, so duplicate description may be omitted. In the
structure 1400, Si recesses 1472 and 1474 have been removed from the halo
portions 1468 and 1470, respectively. Thus, the incidental implantations 1452
and 1454 have also been removed.
Turning now to Figure 15, a semiconductor structure with photoresist

20 (PR) strip is indicated generally by the reference numeral 1500. The structure

1500 is similar to the structure 1400, so duplicate description may be omitted.
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As shown in Figure 22, a sem conductor structure with second spacer nitride
RIF is indicated generally by the reference nuneral 2200. The structure
2200 is simlar to the structure 2100, so duplicate description nay be
omtted. In the structure 2200, the nitride | ayer 2186 has been
substantially renoved, with only nitride sidewalls 2288 renai ni ng about the
NnFET and pFET. Turning to Figure 23, a sem conductor structure with
NFET and pFET deep source/drain (SID) inplantation is indicated generally
by the reference nuneral 2300. The structure 2300 is simlar to the
structure 2200, so duplicate description may be omtted. In the structure
2300, an nFET inplantation flow 2390 inplants SID regi ons 2396 and 2398
adj acent {ipthengiryaturet1508ned?3r1 588 1ms haen strigpeseawad WeAdRIEIcINe2314,
respectively. A pFET inplantation flow 2391 inplants SID regi ons 2394 and
2392 adj aogide lagerttt®b6second conduct or 2314 and the third conductor 2316,
respectively. I n operation, enbodinents of the present disclosure
provi de stressAgphoWnZaFidure dé; angnifednduetdr strub@re ivitd uaitagiathegdech
epitaxially grown (EPI) sem conductor structures. Such enbodi nents use just

two masks gjlishh-2hrich @SROSE iRfiEfeH igepetdl) HYMBEREErec8 nuni& af YU afhesi X

masks. The halo inplantations are perfornéd early in the process, and prior
to rec Ss r I I on is
possi bl o 51 sy 1860 xifiar i hQ Sirucfng 1306 %o GUNERE) Ao PROPREEPC, rer i s
to be rec | Typi cal |y,
enbedded §§'ﬁﬁ§% iﬁgaﬁﬁ(ﬁiff é@ﬂ%ﬁ%@@&? sqgﬁbl%gggrﬂgeml Bglétloe&rpl i cat ed
processin rev str rel axati fol,l n 0 inplantation. Such
processi ng6%33?%%1@235“'@96%5%u%‘EPSﬁSPJ%Q? 1%\% '?‘?ﬁBeah MYt r 54hal 0 steps for
vertical and horizontal transistors. Unfortunately, such typical nethods
can add addi ti GHENNG fa HgYreaphyd PPBEESguGorpEUGHE Witk PERd & an
Enbodi ments of the present disclosure use an optim zed integration schene
that can &aplantation is Indinstechpenengiy bydke mfefeacandmesalat/dlf). nesks. Typi cal
processing uses a total of six (6) masks, such as nFET and pFET open 20 for
enbedded sputtare a¥0Ws sigil&i 0 thadtrBicttee 166, sepapiebdddsadriptiomplagriteat | on
masks for both horizontal and vertical PC. In contrast, enbodinments of the
present doaaltesUTRe BRUGEArd NEGRIrBIRRS inpgeitdtRinh flow 07 Né;RhdaedullhdT open mask
extension portions 1778 and 1780 in the EPI portions 1773 and 1775 of the
nFET, respectively. Here, there are no new incidental extension portions in the
pFET because it is still protected by the oxide layer 1756.
15 Turning now to Figure 18, a semiconductor structure with oxide removal
is indicated generally by the reference numeral 1800. The structure 1800 is
similar to the structure 1700, so duplicate description may be omitted. In the
structure 1800, the oxide layer above the pFET has been removed.
As shown in Figure 19, a semiconductor structure with nitride removal is

20 indicated generally by the reference numeral 1900. The structure 1900 is

similar to the structure 1800, so duplicate description may be omitted. In the

12



for enbedded epitaxiat so such enbodi nents only need two (2) masks for

ri FET and pFET. For exanple, the mask set for typical processes m ght
include (1) a pFET open mask, (2) a horizontal pFET halo inplantation mask,
(3) a vertical pFET halo inplantation nmask, (4) an nFFT open mask, (5) a
hori zontal riFET halo inplantation nmask, and (6) a vertical rlFET halo

i npl antation mask. In contrast, enbodi nents of the present disclosure use a
mask set with just two masks, including (1) a pFET open mask and (2) an

NFET open mask. In exenpl ary enbodi nents, quad hal o inplantation
is acconplished by 10using the open masks. In addition, halo inplantation
and cavity recessing is nerged into one |ithography process. Al t hough

i |1 ustr at istreciend 0800Eh¢ sithide eareand didswallb bavébeen rempad fremdiodhte to t he
acconpanying drawings, it is to be understood that the present disclosure
is not |imPEGdandpkBDse precise enbodi nents, and that various other

| Schanges and nodifications may be effected therein by those of ordinary

skill in the payHiRgt FRUke 20 doehicdapastbl SeudtiRvith Secsiepsaeer sehr i t  of
t he present disclosure, such changes and nodifications are intended to be

;Bg nggg ‘g}&ﬂﬁgg B84 B8PSsifn 1shRdiPARIYEnerIRYyABE T BrefdhctSturh@ial h i n the
5 2000. The structure 2000 is similar to the structure 1900, so duplicate
description may be omitted. In the structure 2000, an oxide layer 2084 is
disposed on the top surface.
Turning now to Figure 21, a semiconductor structure with second spacer
nitride deposition is indicated generally by the reference numeral 2100. The
10  structure 2100 is similar to the structure 2000, so duplicate description may be
omitted. In the structure 2100, a thick nitride layer 2186 is disposed on the
oxide layer 2184.
As shown in Figure 22, a semiconductor structure with second spacer
nitride RIE is indicated generally by the reference numeral 2200. The structure
15 2200 is similar to the structure 2100, so duplicate description may be omitted.
In the structure 2200, the nitride layer 2186 has been substantially removed,
with only nitride sidewalls 2288 remaining about the nFET and pFET.
Turning to Figure 23, a semiconductor structure with nFET and pFET
deep source/drain (S/D) implantation is indicated generally by the reference
20 numeral 2300. The structure 2300 is similar to the structure 2200, so duplicate

description may be omitted. In the structure 2300, an nFET implantation flow

2390 implants S/D regions 2396 and 2398 adjacent to the first conductor 2312

13



CLAIMS What is clainmed is: 1. A nethod of manufacturing dual enbedded
epitaxially grown sem conductor transistors, the nmethod conpri sing:
depositing a first el ongated oxi de spacer over first and second transistors
of different types; each having a nitride cap formed thereon; deposi ting
a first elongated nitride spacer on the first oxi de spacer; depositing a
first photoresist block on the nitride spacer above the first transistor;
etching the first nitride spacer above the second transistor; inplanting a
first halo around the second transistor; etching a first recess in an outer
portion of the first halo; stripping the first photoresist above the first
transistor; 15formng a first epitaxially grown sem conductor material in

t he first and the second conductor 2314, respectively. A pFET implantation flow 2391

implants S/D regions 2394 and 2392 adjacent to the second conductor 2314
and the third conductor 2316, respectively.

In operation, embodiments of the present disclosure provide stress

5  optimization during manufacturing of dual embedded epitaxially grown (EPI)
semiconductor structures. Such embodiments use just two masks, which is a
cost-effective improvement over the typical six masks. The halo implantations
are performed early in the process, and prior to recessing the silicon. Further, a
blanket extension implantation is possible since the same dopants are used,

10 and one of the nFET or pFET is to be recessed after extension implantation of
the other.

Typically, embedded epitaxial uniaxial channel stress engineering may
use complicated processing to prevent stress relaxation following halo
implantation. Such processing may separate one quad halo step into two dual

15  tr54halo steps for vertical and horizontal transistors. Unfortunately, such typical
methods can add additional lithography process steps and increase costs.

Embodiments of the present disclosure use an optimized integration
scheme that can save four lithography process steps and related masks.
Typical processing uses a total of six (6) masks, such as nFET and pFET open

20 for embedded epitaxial using SiC and SiGe, and separated halo implantation
masks for both horizontal and vertical PC. In contrast, embodiments of the

present disclosure merge these steps together into nNFET and pFET open mask

14



recess, inplanting a first extension in a top portion of the first

materi al; depositing an el ongated bl ocki ng oxi de over the first and second
transi stors and first extension; 20depositing a second photoresist block on
t he bl ocki ng oxi de above the second transistor and first extension;

etching the bl ocking oxide and first nitride spacer above the first
transistor; inplanting a second hal o around the first transistor; etching a
second recess in an outer portion of the second halo; 5stripping the second
phot oresi st above the second transistor; form ng a second epitaxially grown
sem conductor material in the second recess;

for embedded epitaxial, so such embodiments only need two (2) masks for
nFET and pFET.

For example, the mask set for typical processes might include (1) a pFET
open mask, (2) a horizontal pFET halo implantation mask, (3) a vertical pFET

5 halo implantation mask, (4) an nFET open mask, (5) a horizontal nFET halo
implantation mask, and (6) a vertical NFET halo implantation mask. In contrast,
embodiments of the present disclosure use a mask set with just two masks,
including (1) a pFET open mask and (2) an nFET open mask.

In exemplary embodiments, quad halo implantation is accomplished by
10  using the open masks. In addition, halo implantation and cavity recessing is
merged into one lithography process.

Although illustrative embodiments have been described herein with
reference to the accompanying drawings, it is to be understood that the present
disclosure is not limited to those precise embodiments, and that various other

15 changes and modifications may be effected therein by those of ordinary skill in
the pertinent art without departing from the scope or spirit of the present
disclosure. such changes and modifications are intended to be included within

the scope of the present disclosure as set forth in the appended claims.
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i npl anting a second extension in a top portion of the second material;

et ching the bl ocking oxi de above the second transistor; 10etching the
nitride caps fromthe first and second transistors; depositing a
second el ongat ed oxi de spacer on the first and second transistors;
depositing a second el ongated nitride spacer on the second oxi de spacer;
15et ching the second nitride spacer to | eave nitride sidewalls around gates
of the first and second transistors; and inplanting deep sources and drains
in the first and second transistors. 2. The nethod of Claim1 wherein the
first angsgg@nd transistors 20 are conplenmentary metal - oxi de sem conduct or
(CMOS) devTices. 3. The nethod of Caim1l wherein the first

transistor is g .Of i.ve channel field effect transistor (nFET) or
positive chanXgﬁﬁf'gg‘aﬂﬁgﬁsect transi stor (pFET) type, and the second

transistor is the other of nFET or pFET type.

1. A method of manufacturing dual embedded epitaxially grown
5 semiconductor transistors, the method comprising:
depositing a first elongated oxide spacer over first and second transistors
of different types, each having a nitride cap formed thereon;
depositing a first elongated nitride spacer on the first oxide spacer;
depositing a first photoresist block on the nitride spacer above the first
10  transistor;
etching the first nitride spacer above the second transistor;
implanting a first halo around the second transistor;
etching a first recess in an outer portion of the first halo;
stripping the first photoresist above the first transistor;
15 forming a first epitaxially grown semiconductor material in the first
recess;
implanting a first extension in a top portion of the first material;
depositing an elongated blocking oxide over the first and second
transistors and first extension;
20 depositing a second photoresist block on the blocking oxide above the

second fransistor and first extension;
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4. The nmethod of Claim1l1l wherein the first epitaxially grown sem conductor
material is one of silicon-germanium (SiGe) or silicon-carbon (SIC), and
the second epitaxiaily grown sem conductor naterial is the other of SiGe or
SiC. 10 5. The method of Caim-1 wherein no nore than a first open
mask is used for the first transistor, and no nore than a second open mask
is used for the second transistor. 156. The nethod of Cdaim1 wherein the
first extension inplanted in the top portion of the first material around
the second transistor is incidentally inplanted around the first transistor

fransistor. 207 Herthathd bR EnRH Ak sRR RSB Bt ca oxi de

spacer i fo\rﬁgsd by re-oxidation. 8. The method of Caiml wherein

et chi ng t'¥8SE¥st nitride spacer above the second transsior |eaves at |east

one structuraliy supportive nitride sidewafi around a gate of the second
transi stor, Implantiog ameeondhARreENdths Wsttrapstern the first photoresi st

bl ock above
etching a second recess in an outer portion of the second halo;

5 stripping the second photoresist above the second transistor;
forming a second epitaxially grown semiconductor material in the second
recess;
implanting a second extension in a top portion of the second material;
etching the blocking oxide above the second transistor;
10 etching the nitride caps from the first and second transistors;
depositing a second elongated oxide spacer on the first and second
transistors;
depositing a second elongated nitride spacer on the second oxide
spacer;
15 etching the second nitride spacer to leave nitride sidewalls around gates
of the first and second transistors; and

implanting deep sources and drains in the first and second transistors.

2. The method of Claim 1 wherein the first and second transistors

20 are complementary metal-oxide semiconductor (CMOS) devices.
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the first transistor is deposited by an inductive plasma source (IPS).

10. The nmethod of Caiml wherein the etch of the first nitride spacer
10conprises a reactive ion etch (RLE). 11, The method of Caiml
wherein inplanting the first halo around the second transistor is by a quad
hal o i npl antation. 1512, The nethod of Claim21 wherein etching the first

recess is by reactive ion etch (RLE) of silicon (Si). 13. The net hod
of Claiml wherein the first epitaxiaily growm (EP1l) sem conductor naterial
conprises EPI silicon-germanium (eSi Ge). 20 14. The method of Caim

1 wherein the §e9°g‘&eﬂﬂ&%88%?b?éimb{ %%ré’i‘r?ﬂﬁsifs{‘ﬁaﬁé%m didgpi stor is

deposited by an inductive plasma source
negative channel field effect transistor (nFET) or positive channel field effect

transistor (pFET) type, and the second transistor is the other of nFET or pFET

type.

4, The method of Claim 1 wherein the first epitaxially grown
semiconductor material is one of silicon-germanium (SiGe) or silicon-carbon
(SiC), and the second epitaxially grown semiconductor material is the other of
SiGe or SiC.

10

5. The method of Claim 1 wherein no more than a first open mask is

used for the first transistor, and no more than a second open mask is used for

the second transistor.

15 6. The method of Claim 1 wherein the first extension implanted in the
top portion of the first material around the second transistor is incidentally
implanted around the first transistor and removed during etching of the second

recess around the first transistor.

20 7. The method of Claim 1 wherein the first elongated oxide spacer is

formed by re-oxidation.
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15. The nmethod of Claim 1l wherein etching the bl ocking oxide and first
nitride spacer above the first transistor conprises a two-step process
including isotropic (1SO etching of the bl ocking oxide and reactive ion
etching 5(RIE) of the first nitride spacer. 16. The method of Caim
1 wherein inplanting the second halo around the first transistor is by a
quad halo inplantation. 1017. The nethod of Claim1l wherein etching the
second recess around the first transistor is by reactive ion etch (RLE) of
silicon (Si). 18. The nmethod of Claim 1 wherein the second epitaxially grown
(EPI') sem conductor material conprises EPI silicon-carbon (eSiC). 15

19. The nmethod of C ai m 1 wherein the second el ongat ed oxi de spacer on the
first and secgnd t ors r | aye 20.
The et hod of 201 ai e RLPACACIAE bineral elnmtsBeTohiBlge SPREet i rst 20 or

second tranS|stors conpri ses a pol yconduct or
above the second transistor leaves at least one structurally supportive nitride

sidewall around a gate of the second transistor.

un

9. The method of Claim 1 wherein the first photoresist block above

the first transistor is deposited by an inductive plasma source (IPS).

10.  The method of Claim 1 wherein the etch of the first nitride spacer

10  comprises a reactive ion etch (RIE).

11.  The method of Claim 1 wherein implanting the first halo around

the second transistor is by a quad halo implantation.

15 12.  The method of Claim 1 wherein etching the first recess is by

reactive ion etch (RIE) of silicon (Si).

13.  The method of Claim 1 wherein the first epitaxially grown (EPI)
semiconductor material comprises EPI silicon-germanium (eSiGe).
20
14. The method of Claim 1 wherein the second photoresist block

above the second transistor is deposited by an inductive plasma source (IPS).
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transistors are substantially the sane. 22. The nmethod of Caim1l
wherein the nitride sidewalls etched fromthe second nitride spacer around
the gates of the first and second transistors are structurally supportive
and permanent. 23. The nethod of Claim1l wherein inplanting deep
sources and drains in the first and second transi stors conprises inplanting
a deep source 10and drain in one of the first or second transistors using a
first open mask or plasma, and inplanting a deep source and drain in the
other of the first or second transistors using a second open mask or

pl asma. 24. The nmethod of Cdaim1l wherein a first dopant is used for
both the first halo and the second extension, and a second dopant is used
for both the first_extension and the second, halp. . .. 25. . The net hod
of daim 24 wérei Iﬁgﬂé&ﬁp&gf 8[}3(9&{:‘("*‘%%?‘095@ tg%’é‘?ﬁktng(%‘?e 8hd the second
dopant conmprises boron and/or boron difiuoride 20 (B/8F2). the first or
second oXirdditsgacencer abpverie fiest Haasistor CPEIPHESS aNRrdemPIASESH| ocki ng oxi de

i s between
including isotropic (ISO) etching of the blocking oxide and reactive ion etching

5 (RIE) of the first nitride spacer.

16. The method of Claim 1 wherein implanting the second halo

around the first transistor is by a quad halo implantation.

10 17.  The method of Claim 1 wherein etching the second recess around

the first transistor is by reactive ion etch (RIE) of silicon (Si).

18. The method of Claim 1 wherein the second epitaxially grown (EPI)
semiconductor material comprises EPI silicon-carbon (eSiC).
15
19. The method of Claim 1 wherein the second elongated oxide

spacer on the first and second transistors comprises an etch stop layer.

20. The method of Claim 1 wherein the gate of at least one of the first

20 or second transistors comprises a polyconductor.
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5 about 450 and about 550 Angstrons thick.

10

15

20

21.  The method of Claim 1 wherein the gates of the first and second

transistors are substantially the same.

22.  The method of Claim 1 wherein the nitride sidewalls etched from
the second nitride spacer around the gates of the first and second transistors

are structurally supportive and permanent.

23.  The method of Claim 1 wherein implanting deep sources and
drains in the first and second transistors comprises implanting a deep source
and drain in one of the first or second transistors using a first open mask or
plasma, and implanting a deep source and drain in the other of the first or

second transistors using a second open mask or plasma.

24. The method of Claim 1 wherein a first dopant is used for both the
first halo and the second extension, and a second dopant is used for both the

first extension and the second halo.

25.  The method of Claim 24 wherein the first dopant comprises

arsenic (As) and the second dopant comprises boron and/or boron difluoride

(B/BF2).
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26. The method of Claim 1 wherein the blocking oxide is thicker than

the first or second oxide spacers.

27. The method of Claim 26 wherein the blocking oxide is between

5 about 450 and about 550 Angstroms thick.
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