METHOD TO ENG NEER ETCH PROFILES IN SI SUBSTRATE FOR
ADVANCED SEM CONDUCTOR DEVI CES Background of Invention
1) Field of the Invention This invention relates
generally to fabrication of sem conductor devices and
nore particularly to the fabrication of isolation
regions and/or stress regions. 2) Description of the
Prior Art As the channel |ength continues to shrink,
substrate engineering becones one of the key nethods
to inprove the performance of CMOS devices. This is
achi eved by stress enhancenent on the NFET or PFET.
Anot her inportant aspect in substrate engineering is
to form adequate isolation features between the
devices to suppress the effect of latch-up. Latch-up
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pat h between VI | i | owi ng

| arge current &%N%SENK@WH—Q'% @EﬁfﬂcegThi S can
cause the circuit to cease functioning or even destroy
itself due to high power dissipation. The inportance
of overcom ng the various deficiencies noted above is
evi denced by the extensive technol ogi cal devel opnent
directed to the | subject, as docunented by the

rel evant patent and Backgrooaad dfiingeatione. The

1) Field of the Invention
This invention relates generally to fabrication of semiconductor
devices and more particularly to the fabrication of isolation regions and/or stress

regions.

2) Description of the Prior Art

As the channel length continues to shrink, substrate engineering
becomes one of the key methods to improve the performance of CMOS devices.
This is achieved by stress enhancement on the NFET or PFET.

Another important aspect in substrate engineering is to form
adequate isolation features between the devices to suppress the effect of latch-up.
Latch-up is a phenomenon that establishes a very low resistance path between
the VDb and Vss power lines, allowing large currents to flow through the circuit.
This can cause the circuit to cease functioning or even destroy itself due to high

power dissipation.

The importance of overcoming the various deficiencies noted

above is evidenced by the extensive technological development directed to the



cl osest and apparently nore rel evant techni cal

devel opnents in the patent |iterature can be gl eaned
by considering the follow ng. US 4533430: Process for
form ng slots having near vertical sidewalls at their
upper extremties - Inventor: Bower, Robert W; Los
Gatos, CA. US6313008: Method to form a ball oon shaped
STl using a mcro nmachi ning technique to renove
heavily doped silicon - Inventor: Leung, Ying Keung;
Hong Kong, China. US6800535: Method for form ng

bottl| e-shaped trenches - Title: Formng bottle trench
subject; @stdncumiesded by the ehevant pateny and techsieal Htepature. The

e ant Sbpr Rl Btk Faays bt s BleRatis o patent
litefature ¢an Metdleshddoby Esrisiderthgibetibiowingnches - Titl e:
Method to form.a bottl e-shaped trench- | nyentor: Li.n,

shi an- Jyh. MSdrraf90-diroeess IonlIming slogmhadpg eeapyertical
sﬂ%l%;%%eéi pperledireflifids etlﬁbﬁﬂbﬂ%\?erf Rbbeﬁ%ﬁ‘ls_gﬁe@éios, CA.

I nvert yhol e shaped trench in a substrate. _ _
exanpl e enbdddaHI8Matined {or fosmra balloparahapad §7Td wising amicro

RSN b B TEARY S s B BT LR os henge o
KeuhgpEibhg Komige €hirfsone  exanpl e enbodi nents of the
present invention provide a

US6800535: Method for forming bottle-shaped trenches - Title:
Forming bottle trench - Inventor: Tsai, Tzu-Ching; Taoyuan.

US5915192: Method for forming shallow trench isolation -

Inventor: Liaw, Jhon-Jhy; San Chung, Taiwan.

US 6716757: Method for forming bottle trenches - Title: Method
to form a bottle-shaped trench- Inventor: Lin, Shian-Jyh.



structure and a nethod of manufacturing CMOS
transistors with inverted keyhole shaped trench
stressor regions filled with sem conductor or
dielectric material. An exanple enbodi nent for a

nmet hod of fabrication of an inverted keyhol e shaped
trench in a sem conductor device; conprises the steps
of: formng an inverted keyhol e shaped trench in said
substrate in said first opening using a two step etch
conprising: in a first etch step, etching the
substrate using an anisotropic etch to form an upper
trench having first sidewalls; in a second etch step,
etching the substrate using an isotropic etch through
the upper trench to forma rounded | ower trench; the
upper trench and th&unomacedf thenlventiench form a
inverted keyhole trench. An exanple enbodinment is a
met hod of fabrication of an inverted keyhole trench

in a sem congigssuct &F%h EPbddMiBAT i8 Stwo e ekitspretess for
formng an inverted keyhol e shaped trench in said

ferng pAtRverted kayhote shaneddrenchrinia subgtretee i nvert ed
keyhol e sha r ' il Str
on the.si dovei s SRTEILemBoBhdfit BEIR preSEihiBh3tice a
struetucdr and afroetinod of tmaragactagng CMOS teamsistqre atithoimproeed isolation
enbodi p‘ent EE‘? iegflerted keyhol e shaped trench is
anp(qr gangnesd BR T RESOSDAPER nateri al .
Some example embodiments of the present invention provide a

structure and a method of manufacturing CMOS transistors with inverted keyhole

shaped trench stressor regions filled with semiconductor or dielectric material.

An example embodiment for a method of fabrication of an
inverted keyhole shaped trench in a semiconductor device; comprises the steps of:
forming an inverted keyhole shaped trench in said substrate in said first
opening using a two step etch comprising:
in a first etch step, etching the substrate using an anisotropic etch to
form an upper trench having first sidewalls;

in a second etch step, etching the substrate using an isotropic etch
through the upper trench to form a rounded lower trench;
the upper trench and the rounded lower trench form a inverted
keyhole trench.

An example embodiment is a method of fabrication of an inverted
keyhole trench in a semiconductor device; comprises the steps of :
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In an aspect of the enbodinent, the inverted keyhol e
shaped trench is filled wwth a sem conduct or
material. An exanpl e enbodi nent is a sem conductor
device having stress creating regions conprising: a
gate structure over a substrate; stress regions in

i nverted keyhol e shaped trenches on opposite sides of
said gate structure; the stress region creates stress
in the substrate under the gate structure. In an
aspect of the enbodi nent, the sem conductor device
further conprises: the stress region are isolation

r egi &rmlnma@ Hvgrieddeyhaleshapad ér@nph ol saichpubsieates

stru ,
cai donspE! eF R RIAE eaked KIS sRE R BLASERIN o materia
t he sem conduct orcreltes ste$sion ke sidewalts ofibhe: mvertddateyhole
regions in said substr spaged fromsaid

Structurer the sepassd feged e Tmastivss fedioflag: ons

that are conprised of an sem conductor material; the
source and drain regions are adjacent to said ate

structure; |Bgoraspeshef the gmpadigeoh tBEén\éﬁrteldé@élhde shaped
tr%ﬂFﬁ'isaﬁﬂ Wwith SRigtbiss ﬁ?ﬁ'ﬁﬁénéleg' ons. 4 The above and

bel'ow advant ages an ures are of representative
enbodi nent s Innhyaspenblofathe enddodimbal, s theviavaried keyhole shaped

trenc§1 hIYed WIIh a‘semiconductor material.

An example embodiment is a semiconductor device having
stress creating regions comprising:
a gate structure over a substrate;
stress regions in inverted keyhole shaped trenches on opposite sides of
said gate structure;
the stress region creates stress in the substrate under the gate structure.

In an aspect of the embodiment, the semiconductor device further
comprises: the stress region are isolation regions in said substrate spaced from
said gate structure;

source and drain regions are adjacent to said gate structure.

In an aspect of the embodiment, the semiconductor device further
comprises: isolation regions in said substrate spaced from said gate structure;

the stress regions are stressor regions that are comprised of an
semiconductor material;

the source and drain regions are adjacent to said gate structure;

source and drain region are at least partially in said stressor regions.
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are presented only to assist in understanding the
invention. It should be wunderstood 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 hayve C r wever
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correspo regions and portions an
ottierdhan for purposes of space and reducing repetition. Thus, this summary of

features and advantages should not be considered dispositive in determining
equivalence. Additional features and advantages of the invention will become

apparent in the following description, from the drawings, and from the claims.



Figures 1, 2, 3, 4A, and 4B, show cross sectiona
views of an exanple enbodi nent for formng the

i nverted keyhol e shaped trench 40 that can be used to
forman isolation region and/or a stress creating
region. Figures 5 and 6 show cross sectional views of
an exanple enbodinent for formng the inverted
keyhol e shaped trench that is used to form an
isolation region. Figures 8 and 9 show cross sectiona
views of an exanple enbodinent for formng the

i nverted keyhol e shaped trench that is used to forma
stress creating region. Figurel O shows a cross
sectional views of an exanple enbodiment for formng
the inverted keyhol e shaped trench. 6 Detail ed

Descri ption of tIm.&)mgdrﬁ)tBﬁpeﬂtmem-amngs overvi ew
The exanpl e enbodi ments are related to nmethods to

engi neer et B {5281TEP @8diadvaniages & asemyrongiridiayice
a%%mfoff (o nSfregéwu?\?e?rtlom?:\%drfﬁﬁﬁérsdétélls ﬁl’ 5??60%9& %f fabﬁlcatlng

orrre an in-situ nulti-ste ocess
sugh\a sgMicanducior device ineaacooddncetwith tmrmea@nttlsventlon will be

e o) B o e 3 oinG e FEorRRBRaA B Rlon with
the dctorapanying dmdn@m il whightiike rém nurhéralsdedigite similar or

mat eri al s such as Spin- ondglass Si 02, SiGe etc.
opg,esgpgqlpgp ents, reglons and portions and |n which:

Figures 1, 2, 3, 4A, and 4B, show cross sectional views of an
example embodiment for forming the inverted keyhole shaped trench 40 that can

be used to form an isolation region and/or a stress creating region.

Figures 5, and 6 show cross sectional views of an example
embodiment for forming the inverted keyhole shaped trench that is used to form an

isolation region.

Figures 8 and 9 show cross sectional views of an example
embodiment for forming the inverted keyhole shaped trench that is used to form a

stress creating region.

Figure10 shows a cross sectional views of an example

embodiment for forming the inverted keyhole shaped trench.



enbedded Si Ge devices, the recess can be nmade cl oser
to the channel to increase the stress |evel, thus
enhanci ng devi ce performance. Another potentia
application is to formSTI with inverted "key hole"
profiles. This greatly increases the resistance of the
el ectrical path of the <carriers in the substrate,
thus minimzing latch-up probability. An aspect
exanpl e enbodi rent, as shown in figures 1 to 4A and
4B, is a method to forman inverted keyhol e shaped
trench. In a first enbodi nent, we describe a nethod
and structure for formng an inverted keyhol e shaped
trench for an isolation region and/or stress creating
regi on. The second exanpl e enbodi ment is shown in
figures 7 Detafled Didsrriptiondf theoEyamptnEmbodinientdions a
nmet hod for form ng a stressed channel wth keyhole
shaped source/drain regions in a sem conductor device.
7 B. First exanple enbodinent A first exanple

enbodi nent is a nethod and structure for formng an

i nverted keyhol e shaped trench that can be used to

f or MRPVieEWeW i on regi on and/or stress creating

regi on. Fig es 1 to 3, 4A.and 4B sh exanp| .
enbodi mrent - B SREPRE SnbafimeRts e et lorethihs fo gnaineer
etd‘rﬁmhlesﬁh gubstBates #orchdvapbedvsamicdiiauelor delides: rtrﬁ.drecess is
pa?f\éhol e shaped. trench 40 for an isolation regio

ranly farmedsingan imsity Bwithatep etch process with varymg lateral and
vertical etch components.

Potential applications include stress enhancement of NFET or
PFET by creating recesses at desired depths and locations and filling the recess
with suitable materials such as Spin-on-glass (SOG), SiO;, SiGe etc. For e.g., for
embedded SiGe devices, the recess can be made closer to the channel to
increase the stress level, thus enhancing device performance.

Another potential application is to form STI with inverted “key
hole” profiles. This greatly increases the resistance of the electrical path of the
carriers in the substrate, thus minimizing latch-up probability.

An aspect example embodiment, as shown in figures 1 to 4A
and 4B, is a method to form an inverted keyhole shaped trench.

In a first embodiment, we describe a method and structure for
forming an inverted keyhole shaped trench for an isolation region and/or stress
creating region. The second example embodiment is shown in figures 7 to 9.
The second example embodiment shows a method for forming a stressed channel

with keyhole shaped source/drain regions in a semiconductor device.



C. forman etch mask fil mover a substrate Referring
to figure 1, we forman etch nmask filmover a
substrate 10. The etch mask filmcan be conprised of
1 or nore layers. For exanple, as shown in figure 1,
the etch mask filmis conprised of a | ower pad oxide
layer 14 wth a thickness between 100 and 600
angstrons and a overlying nitride |ayer 18 having a
t hi ckness between 1000 and 3000 angstrons. The
substrate 10 can be conprised of crystalline silicon
wth a (100) or (110) orientation, a silicon on

i nsulBatRirst ezample epshodimentst r ai ned silicon or SiGe
with varying Ge concentrations or other suitable

sem conductor materials and substrate structures such

as SO substf fisgexampld é}htﬁ?léinférﬁ & o ARARLD gn«? Efrgb'tﬁhe foforming

etch mask Filmto expose substrate surface

ardneertachkeynole smf@%bamambe tisedriafarinran |so|@§nh megion
a%ﬁ (}r@i,% Qgreatthg rgélgﬁ mask film 14 18 to expose the
su

straesur h an exanple nethod, we forma

r eS| st | ayerF@L(Drebavtlong 4A and 8B slesiy ah expﬂmlmgm%dmatt for
sk film1l4 18. W can form

t h
f?rlqgng |"Fes't”"§'\é§‘iq1 #ﬁQ“sOi%ghéP?fgﬁ?ﬂ@ resist layer 20 as a
etch mask, Ipgeesy avy G'%h@W%céthle?édﬂthﬁééf kéyAdRe %Haﬂé’d

to expose the substrate surface. Then we renbve
treash 40 fpa g jsofation region and/or stress creating region.

C. form an etch mask film over a substrate

Referring to figure 1, we form an etch mask film over a substrate
10. The etch mask film can be comprised of 1 or more layers. For example, as
shown in figure 1, the etch mask film is comprised of a lower pad oxide layer 14
with a thickness between 100 and 600 angstroms and a overlying nitride layer
18 having a thickness between 1000 and 3000 angstroms.

The substrate 10 can be comprised of crystalline silicon with a
(100) or (110) orientation, a silicon on insulator (SOIl) substrate, strained silicon or
SiGe with varying Ge concentrations or other suitable semiconductor materials

and substrate structures such as SOI substrates.

D. form a first opening through the etch mask film to expose the

substrate surface



E. forman inverted keyhole shaped trench Referring to
figures 4A and 4B, we forman (inverted) keyhole
shaped trench 40 in said substrate in said first
opening preferably using a 2 step etch process. This
2 step etch process is preferably done in-situ in the
sane processing chanber, i.e. sequentially wthout
breaki ng vacuum Step | - dry anisotropic etch to form
preferably slanted sidewalls and passivation |ayer As
shown in figure 4A in a first etch step, we

ani sotropic etch the substrate to form an upper
trench pref drefbtringnaiguiess? anded V\(erform\ﬁefnrst er)lng 28 through

i P2 T fin 1470 ERRSe e AR SRR, g exappg methoat
wd fonmr aitesidi¢dyae 20 HAVhgaa Girdd 08sistaspeniray 24 tieat 38 foamet @wer the
r%{e Eﬂmvuéﬁn 200 and 800 sccm and/or 02 at a flow

etclt magk i 8.and 60 sccm at a tenperature: between

50 and 80 degee@p f&im Me ﬁs@bﬁé@%%?gvhﬁgm%ﬁ?orégigﬁﬁ%ggo as a

nlr;, at a power between 20 and
e aesbrowetchiserthmuighritie sichsmeask fim d# 18dotexpose the substrate
g tropic dry etch, it is optional to performa

reakt hrough etch to renove any native oxide on the
Substrat e sufHemoge rémove faanasist tdyea0appr opri at e

breakt hrough etch is the follow ng: Gases: CF4, at a 9

flowgate betwee and, 150 sc at a tenperature:
betvvgez r"a'ﬁagdﬂvgaeggﬁeg?'gé%sgfpﬁ‘?Wf”ﬁ?’essure bet ween 5
and 50 nil; at a power between 60 and 120 W and for a

durati on between 1 and 12 sec.
Referring to figures 4A and 4B, we form an (inverted) keyhole

shaped trench 40 in said substrate in said first opening preferably using a 2 step
etch process. This 2 step etch process is preferably done in-situ in the same

processing chamber, i.e. sequentially without breaking vacuum.

Step 1 — dry anisotropic etch to form preferably slanted sidewalls and
passivation layer

As shown in figure 4A in a first etch step, we anisotropic etch the
substrate to form an upper trench preferably having slanted (non-vertical)
sidewalls 42. An example of an appropriate dry anisotropic etch is the following:
Gases: HBr, at a flow rate between 200 and 800 sccm; and He at a flow rate
between 200 and 800 sccm, and/or O, at a flow rate between 5 and 60 sccm; at
a temperature: between 50 and 80 degrees C; at a pressure between 10 and 80
mT; at a power between 20 and 100 W; and for a duration between 10 and 80 sec.

Prior to the anisotropic dry etch, it is optional to perform a
breakthrough etch to remove any native oxide on the Substrate surface. An

example of an appropriate breakthrough etch is the following: Gases: CF,, at a
9



The sidewal s 42 preferably have an angle 53 from
vertical between 0 and 60 degrees and nore preferably
between 5 and 30 degrees. Zero degrees neans that it
can al so be vertical, depending on etch condition and
spaci ng between structures to be etched. The

ani sotropic dry etch forns a passivation |ayer 44 on
the slanted sidewalls 42. The passivation layer 44 is
etch resistant in the second etch step. For the
exanpl e ani sotropic dry etch process, the passivation
| ayer 44 is a by-product of the anisotropic etch and
fiownate betwasin 50 and 400 osarbr; @tiactempsrabuesy: yetweet 8p and 80

JETECF et dirreeiie SahRAR S i o Bl A e hiuPefube Bl 120
WBandorizsdiiration batweerdt ynde@aect he substrate to form a
rounded | ower trench 40B. The second etch is

preferably done in-situ in the sane processing chanber

as the ani Sofﬁe%’ibﬁwgﬂé(@%F&ErabT?ﬁaWBﬁ%nbfmﬁoﬁ%rﬁ'éﬁ

the rounded | ower trench rorman inverted Kkeyhole
hetwaem04and 80 degegasl and m@re piﬁfera@tycbetweeoésgnd 030 degrees.

éq?é @eﬁ%e&aqﬁ%éﬁéj@%gﬂ clgﬂ‘c'ﬁ%o b%&gﬂ%g ﬁ%g?ﬁ(gﬁpr af’egéh condition and

simt:mg&retwé@n strdctdfds dmptchéda t enper at ure bet ween
about 50 and 80 C, at a pressure: between 10 and 80
mlforr; at a power between 20 and 100 W for a duration

between 10 argb §|Qis§ﬁ*6p|clﬁy 5tch"\‘§ﬁﬁ§b paskivhtion Mer 44 on the
i nverted keyhol e shaped french

slanted sidewalls 42. The passivation layer 44 is etch resistant in the second etch
step. For the example anisotropic dry etch process, the passivation layer 44 is a

by-product of the anisotropic etch and comprises of silicon oxybromide (SiOxBry).

Step 2 - Second etch step, isotropic dry etch to form a rounded lower trench

In a second etch step, as shown in figure 4B, we isotropically dry
etch the substrate to form a rounded lower trench 40B. The second etch is
preferably done in-situ in the same processing chamber as the anisotropic dry
etch. The upper trench 40A and the rounded lower trench 40B form an inverted
keyhole trench 40.

An example isotropic etch process for forming the rounded lower
trench 40B comprises : flowing Gases: Cl,, and/or SFg, at a flow rate: between
10 and 200 sccm; at a temperature between about 50 and 80 C; at a pressure:
between 10 and 80 mTorr; at a power between 20 and 100 W; for a duration
between 10 and 80 sec.

10



Referring to figure 5 we fill the inverted keyhol e
trench 40 with a material 50 that optionally creates
stress on the sidewalls of the inverted keyhol e

trench 40. In the first enbodiment for formng an
isolation region in the inverted keyhol e shaped
trench. This isolation region optionally stress can be
conpressive or tensile. This can be foll owed by

chem cal nechanical polishing (CMP) to planarize the
surface. Prior to the filling of the inverted keyhol e
trench 40, it is preferable to renove the passivation
| ayeiF. Aspegt nwhll tbeMvertecﬂkyybobrshamd treneh | aI 50 is
preferably a_die|lectrjc such i con di oxi

(Si 02), Spi MIRIHIGLeSiguse) wet?@ttlp%g}vggpd &PVWEJ@MQ”@B#‘Q with a
n‘ﬁ%ﬁ(ﬁhahb?ﬂbrﬂa‘ﬂ% ehdates BirdsdBn J?'%f Be\‘ﬁﬁﬁé'rbf:t"f‘l'e |H@é}9=,rd keyhole

eposi ted ox conpressi ve ectric
trexcodD. material in the isolation region puts a
conpressive stress on the substrate (channel region).
Simlarly, a tensile oxide material in the isolation

r egi on puts Ia thefisst embpidirasst fOﬂfdrdﬂﬁgSaﬂi)BsbI‘aibﬁ region in the
channel reg| on) e mater

ot.h
KevBOISSr AT tiagh: S0 bR Eralag cpUOall atyass cap be
cBﬁm‘HrééHlvéjSPl%ﬂgilé‘g T‘P\ﬂs LAEbE AR W&%rﬁi@af rﬂbﬂhérh@al polishing

oxi d mat erials. The enbodi nent's keyhol e shape is an

(@M%ﬁoawarmgth@eu@mesd to a regular trench with
vertical si dSY\@ 405th8fflllfr@ f%ﬁ‘éfﬁw%ﬁ%%yh&g trench 40, it is

preferable to remove the passivation layer 44 by wet etch or dry etch.

The material 50 is preferably a dielectric such as silicon dioxide
(SiO2), Spin-on-glass (SOG), tetraethyl orthosilicate (TEOS) or high density
plasma (HDP) chemical vapor deposited oxide.

A compressive dielectric (e.g., oxide) material in the isolation
region puts a compressive stress on the substrate (channel region). Similarly, a
tensile oxide material in the isolation region puts a tensile stress on the substrate
(channel region).

Oxide materials, and other materials, can be made to be
compressive, tensile or neutral depending on the process used to form the oxide
materials.

The embodiment’s keyhole shape is an advantage. As
compared to a regular trench with vertical sidewalls of the same depth, the
inverted keyhole shape increases the distance the carrier have to travel to cause
isolation failure. Hence, the resistance of the electrical path of the carriers in the
substrate is increased, and the probability of latch-up is minimized.
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i nverted keyhol e shape increases the distance the
carrier have to travel to cause isolation failure.
Hence, the resistance of the electrical path of the
carriers in the substrate is increased, and the
probability of latch-up is mnimzed. 11 The upper

sl anted sidewal | s can have an advantage over verti cal
sidewal | s because the slanted sidewall is to be used
in conjunction wth the rounded bottomtrench, it can
reduce | atch-up probability. The rounded bottomtrench
40B has an advant age because it increases the stress
i n the channke urrersanted sidewallsican bave ae adyvantage over vertical

4 is | . h .' .

SRR nelob il ther e e RO sk 1 BONHACHER Wit the
réuinpledebditonh trenclanit earargauee datchivp mmbabiliiy:ent keyhol e

h d isolgtion regiopns 50 use i sol ation regi ons .
FoaPed at o e Rlnned balGmeerirahe Rat 3R o aRPgReSagise it
imPeasectiiBl stress e tHRGHRMNBERGIdEY iR Ridih 8P’ roBRiEd beifom
regions 50 can be used in place of shallow trench
trengh 40Bdh 13rgg ienopglyite influener theestressin dhe ehartel.
isolation regions 50 is to provide isolation between

devi @eSKBHAGfR shapgBiPisolbstis | nsul ator. The regi ons 50

can put Tconpressive or tensile stress on the channel

to inprove Fijurees SRsWE AR @xaMplybliee drhsdditneat NéyHole Siiaped
.the rounded bottomtrench 40B is | arge enough to

ISqRQTEIRGIOSIRD uiackas isplalioR degiRaR i a GRIRSIRICkIrg 54 and source
dr&RTEGiBns %GPPgPé%?ﬁbl'é_,eE@%ﬁéeﬁlﬁ%dgHent REFUIE sRERASisBRAbN Tegions

stressor regions In
50 can be used in place of shallow trench isolation (STI) regions.

The main function of isolation regions 50 is to provide isolation
between devices hence it must be an insulator. The regions 50 can put
compressive or tensile stress on the channel to improve FET performance
provided that the width of the rounded bottom trench 40B is large enough to

influence the stress in the channel. Materials: tensile or compressive oxide.

Il. Second embodiment - stressor regions in FET device

A second example embodiment is shown in figures 7, 8 and 9.
Figures 8 and 9 show a method for forming keyhole stressor regions in a

semiconductor device.

A. provide a gate structure

We provide a gate structure 154 over a substrate 10 and

isolation regions in the substrate spaced from the gate structure. The example

12



A second exanpl e enbodinment is shown in figures 7, 8
and 9. Figures 8 and 9 show a nethod for form ng
keyhol e stressor regions in a sen conductor device.

A. provide a gate structure W provide a gate
structure 154 over a substrate 10 and isolation
regions in the substrate spaced fromthe gate
structure. The exanple 12 gate structure can conprise
a gate dielectric 118, a gate electrode 120, a nitride
cap 124, and nitride spacers 128. Exanple isolation
structures can be shallow trench isolation (STIl)

gate) siouctureicaroeqmprisala gateadietectrite1 1) @hgats eleat®dexiXe a nitride

o {7 TP TR PE BB ST S pshion
tretich dsolatidro STheregisrisat4 eompesedosaraogidé Baclas TEOS oxide.
structure 154 using the isolation regions and gate

s pib famii A Revhle SRaner 48065 L cp ZP?ﬁeErLESQEhaS
s prefer _ _ tep eto
the. upper _Srari &Rl By e TR RN FiHed EVEIE Bhpes rench

140r adjdcenst toghaiisdiatioanmegioins gndahe gate sthadturef t4mssiag the isolation
on the sidewalls. In the

i vation layer (not shown
r @35%5"8{9@?? §t{%°g‘,"e§aas ﬂ'??%&’@%?'&pi c etch step, the
| ower rounderhd kepsdle shBBed frehel @&eférabl?qghﬁéd)ﬂsing a two step
ot her nethods can used to formthe two step etch

elhoeresess as deseribasahayve ipdlye Brst egvegisaent; dtreferaply theyupper
SIFHtEd sRlewhli #enth 82bRSs HréfEibly formed using a dry anisotropic etch that
forms a passivation layer (not shown) on the sidewalls. In the second etch step, a
dry isotropic etch step, the lower rounded trench 140B is formed. In addition,

other methods can used to form the two step etch process.

C. filling the keyhole shaped trench with a material that creates stress
in the substrate under the gate structure.

As shown in figure 9, we fill the keyhole shaped trench with a
material 134 that creates stress in the substrate under the gate structure. In the
case where the source/drain (S/D) regions of the transistor were etched, the filled
keyhole shaped trench also function as the S/D regions of the transistor.

A compressively stressed filler material (stressor) in the S/D
region puts a compressive stress in the channel region under the gate structure.
This is beneficial for PMOSFET. An example of a compressively stressed filler
material is SiGe.

13



in the substrate under the gate structure. As shown in
figure 9, we fill the keyhole shaped trench with a
material 134 that creates stress in the substrate
under the gate structure. In the case where the
source/drain (SID) regions of the transistor were
etched, the filled keyhole shaped trench al so
function as the S/D regions of the transistor. A
conpressively stressed filler material (stressor) in
the SID region puts a conpressive stress in the
channel region under the gate structure. This is
benefi ci al f%imilammsilmtresmrph@tedal in the B cegivn@uis a

GBS Ml ) o BB PAEREE T An exam

of artehsike sttesesp miateridiés SiGinnel region, which is
beneficial for NMOSFET. An exanple of a tensile

stressor material is SIiC. The stressor nmaterial 134 is

pref er ably cpygp _
Si (, BXGeY, ét&jéq%r%éﬁia@s'él k;e?tg')v{/eﬁéﬁefefa%"( coﬁg%%@gfn SimCex

Sig- x)gE in-«9BiGap Whaye &, is detwegre0 drand GBeaed xlis hetween 0.1 and
8 qBAERE st BieredlycHinesdft SitinaBerring & 0g; e3n b
dmeloped opimlsufu dopedswith bdfmed' heV$|$1lq)Q;lmrﬂ’wmmapederen situ doped

|ckne s of e e stressor 134 ¢
TR POID S G SHICkISSSSthE EplaX pLSHEsspr Lot GbebaNben 30
ah%@)o h@gi ons 147 can be fabricated by a few

D. Finishing the FET

Source and Drain (S/D) regions 147 can be fabricated by a few
methods:

(1) form S/D regions 147 by ion implantation into the stressor
regions 134 and substrate The S/D regions 147 are indicated by the dotted lines
in Fig. 9, This can be followed by a thermal anneal process. Preferably we use a
RTA process with a temperature between 900 and 1300 C for a time between 500

micro-sec and 5 seconds.

(2) By using in-situ doped filler materials (stressors). For e.g., we
can use in-situ boron doped SiGe as a filler material for PFET. Hence, the stressor

regions 134 become the S/D regions.

Keyhole shaped stressor 134 can be designed to be to put a
specific amount of stress on the channel by changing the distance from the
stressor 134 and the channel. We can position the stressor 134 closer to the

14



met hods: (1) form S/ D regions 147 by ion inplantation
into the stressor regions 134 and substrate The S/D
regions 147 are indicated by the dotted lines in Fig.
9, This can be followed by a thermal anneal process.
Preferably we use a RTA process with a tenperature
bet ween 900 and 1300 C for a tine between 500

m cro-sec and 5 seconds. (2) By using in-situ doped
filler materials (stressors). For e.g., we can use
in-situ boron doped SiGe as a filler material for
PFET. Hence, the stressor regions 134 becone the S/D
chagnelris indegsmwitiee stiapsl@vekindsg charr®d thas enbanesg gevide

t put a specific amount of stress on the
p@ﬁgﬁﬁ%ﬁ&oy changi ng the distance fromthe stressor

134 and the 'D’fbastrﬁsorb@|@m1®49$stpeolallytm séttarn seuindeddrench
closer to the 14 channel to increase the stress |evel

RORlGT £3R RErRBAC Floser kg rbaRgelRainabthesdrass i eannebis

ifdreSSsPr regions 134, especially the bottom rounded
trench portion, can be nade closer to the channel so
that the strAsempressivelysisensed fillsr materiabfsteasson in the S/D

BRBREEEh ainbegisifie 8REh</Ih e B dRled dibn LbEERE ke Sfucture
Thiisrisneficigl fmnRMﬂSFEﬂhmma S”Geuct ure. This is
benefi ci al fé)lmllall'Y)[/,)s aF%nsﬂeNBs%rggsloarlm the gﬁj region puts a tensile stress
in the channel region, which is beneficial for NMOSFET. Material: SiC.
The rounded trench 140B allows a greater volume of stressor
material that can be filled at the same depth. Also, the stressor can be made

closer to the channel so that the stress in the channel is increased.

E. Inverted Trench shape

Figure 10 shows a generalized view of an example inverted
keyhole shaped trench 40 comprised of a upper trench 40A having first sidewalls

42 and a rounded lower trench 40B.

For example, the slanted (non-vertical) first sidewalls 42
preferably have an angle 53 from vertical between 1 and 60 degrees and more
preferably between 5 and 30 degrees. An option is a trench with vertical
sidewalls where the angle 53 is about zero. The slope of the sidewall can depend
on etch conditions and spacing between structures to be etched.

15



Simlarly, a tensile stressor in the S/D region puts a
tensile stress in the channel region, which is
beneficial for NMOSFET. Material: SiC The rounded
trench 140B all ows a greater volune of stressor
material that can be filled at the sanme depth. Al so,
the stressor can be nade <closer to the channel so
that the stress in the channel is increased. E
Inverted Trench shape Figure 10 shows a generalized

vi ew of an exanple inverted keyhole shaped trench 40
conprised of a upper trench 40A having first sidewalls
42 and a rourdedamplesthe ratiocef DOBo DRbID ¥RA)isl ketweae 0.3 and

2ok 158 1 B BB, o g Ao
bétwgsere$.08rwhdmBe preferably between 5 and 30 degrees.

the Bngl e 5IMRYaHBGLDASPBI SHHprer 8echAORRaNS Ridaaht of
gfele StaRRRBNtaP Width O tHORRiNHEE Hendh QOBlylacFri B8h Bet¥&&Ren 0.2 and

structures to be etched. 15 For exanple, the ratio of
2D1 to D2 (D11D2) is between 0.3 and 2.2. The ratio of

or et or bl y BERubeq RS Ifbntn 0 2% fefical (ypre R1 ana

R2iangtdyual) armligysoldaéwhierelBA)is avtiedial (& B% dfthe gitie aff €SIt and R2
(%Mgﬁt%&fw yb fettaﬁeo.ﬁ%ngdfd trench 40B) or can be

F. non-limiting example embodiments

Although 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
can be substituted as is well understood by those skilled in the microelectronics
arts after appreciating the present invention.

Unless explicitly stated otherwise, each numerical value and
range should be interpreted as being approximate as if the word about or
approximately preceded the value of the value or range.

Given the variety of embodiments of the present invention just
described, the above description and illustrations show not be taken as limiting the
scope of the present invention defined by the claims.

While the invention has been particularly shown and described
with reference to the preferred embodiments thereof, it will be understood by those
skilled in the art that various changes in form and details may be made without

departing from the spirit and scope of the invention. It is intended to cover various
16



The rounded | ower trench 40B may be spherical (were Rl
and R2 are equal) or ellipsoidal where RL is not

equal to R2. The ratio of RL and R2 (Rl/R2) is
preferably between 0.2 and 2. F. non-limting exanple
enbodi nents Al though this invention has been descri bed
relative to specific insulating materials, conductive
mat eri al s and apparatuses for depositing and etching
these materials, it is not limted to the specific
materials or apparatuses but only to their specific
characteristics, such as conformal and nonconf or nal
nagdificatiapalaintlisimidar, arcangenentsl apd pradedyres dndttibdiscope ainttie

ol S P s ASpr R Wbl so o

efic6mpas<sall sach Abdifitationshh@ 6infilRip af@ngemeatd &l progediles.
i nvention. Unless explicitly stated ot herw se, each

nuneri cal value and range should be interpreted as
bei ng approximate as if the word about or

approxi mately preceded the value of the val ue or
range. G ven the variety of enbodi nents of the present
i nvention just described, the above description and
illustrations show not be taken as limting the scope
of the present invention defined by the clains. Wile
the invention has been particularly shown and
described wth reference to the preferred enbodi nents
thereof, it will be understood by those skilled in
the art that various changes in formand details may
be made without departing fromthe spirit and scope
of the invention. It is intended to cover various
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16 nodifications and simlar arrangenents and
procedures, and the scope of the appended clains

t heref ore shoul d be accorded the broadest
interpretation so as to enconpass all such

nodi fications and simlar arrangenents and procedures.
17 What is clained is: 1. A nethod of fabricating a
trench conprising: etching a substrate to form an
upper portion of a trench, wherein the etching forns
Vilhplas slaimkd ds) | ayer on sidewal | s of the upper portion
of the trench; etching the substrate to forma rounded
| oner portion of the trench having a width greater

1t hAMmbIMRd W7 PSBridaihg ladfenci@Inghritindle  passivation layer
protects the upper portion frombeing etched during
etching to formthe |ower portion; and wherein the

upper portj -Dar.t | :

UpDer DO LSRR S ale ey LPUBGor AR 8P WA Wnerei

wher ei n t he theeéhimpfdrmsra pasgivatioadaydram sidewaltkeofthe sipper

3. The method of claiml| wherein the upper portion
tfadtenchs

conpri ses s|PRHYY¥YO havi ng an angle from

vertical hatnRgithd s@nsirfe teIrsfesfouided IGREr SEHIER BF BRStrench
4. The nethod of claim1 which further includes

filling the having a swddtkaraates thardhenppgr partignrwherainthe

t hat i nsul at ' : '

stress on ( ifgacssﬂi%ﬂoma%%? BrotEOERAE BphYEpSttioh HOM béing etched
during etching to form the lower portion; and
wherein the upper portion and the rounded lower -portion form an

inverted keyhole trench.
2. The method of claim 1 wherein the upper portion comprises slanted sidewalls.

3. The method of claim 1 wherein the upper portion comprises slanted sidewalls

having an angle from vertical between 1 and 60 degrees or 5 and 30 degrees.

4. The method of claim 1 which further includes filling the inverted keyhole trench
with a material that insulates and creates compressive or tensile stress on the

sidewalls of the inverted keyhole trench.

5. The method of claim 1 which further includes forming a FET device having a
channel region in said substrate; and
filling the inverted keyhole trench with a material that insulates and creates

compressive or tensile stress on the channel region.
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sidewal I s of the inverted keyhole trench. 5. The

met hod of claim 1 which further includes formng a FET
devi ce having a channel region in said substrate; and
filling the inverted keyhole trench with a materia
that insulates and creates conpressive or tensile
stress on the channel region. 18 6. The nethod of
claim1 further conprises formng a transistor having
gate structure and a channel region in said

65 Thetrmethed ofoldirh or filirthgr eompptised fotryiingfa trarsistoe aving gate
adj acent to the gate structure, erein the trenches

cprrprsiré'ﬁt_é"%ﬁﬂ%? eLregiofhig ekl Srtr@{‘ﬁd%'_@ portions
Wi th f&n%gbfblurgn@%fqrenbh@@ alifa@eHPBahe BAfd $tﬂ|ﬁb&uret whbrens the

the trenches with a stress creating material to form _
st r edreochesgoopgses upperorivnsgarbiones reynieghpgriions with a width

regi I ally in the stressor regions.

7. T%EQ?F%{W@Q@% ugﬁé%mbﬁ?ferei n the etching of the
uppeffillipgrthe renclosgpwltls @asstasss cagatigt material i fohmat@ssdraregions;
et chi n% of the | ower (gartion.co ri ses an (’é(sotlrogic

et ch.aNdgOmMing SRUEARRNGEral Lgions sliierstinariglly in the Stressor
ani seggigrs.C and isotropic etches conprise dry etches.

The” net hod of claim8 wherein the dry etches are
performed in situ. 10. A nethod of fabricating a

72 5&% AN &F cISifY ) GheF@RRAL %itc,rllngrig oﬁhg\dpgiep BoAlion comprises an

rate;
anisotropic etch and the etching of the lower portion comprises an isotropic etch.

8. The method of claim 7 wherein the anisotropic and isotropic etches comprise

dry etches.
9. The method of claim 8 wherein the dry etches are performed in situ.
10. A method of fabricating a semiconductor device comprising:

providing a substrate;

etching an upper portion of a trench in the substrate, wherein a passivation
layer is formed on sidewalls of upper portion of the trench
during etching;

etching a lower portion of the trench while the passivation layer protects the
upper portion, the lower portion comprises a rounded
lower portion with a width greater than the upper portion;

wherein the upper and lower portions form an inverted keyhole trench; and
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etching an upper portion of a trench in the substrate,
wherein a passivation layer is fornmed on sidewalls of
upper portion of the trench during etching; etching a
| ower portion of the trench while the passivation

| ayer protects the upper portion, the | ower portion
conprises a rounded |ower portion with a wdth
greater than the upper portion; wherein the upper and
| ower portions forman inverted keyhol e trench; and

19 atyt ié?a%?baﬂi%\fll\i i‘ilﬂh%l’hé in'vbi't@? kbgﬁolb@}ﬁ{)é@fi'eh@/ Rih& material to
shaped trench th material t create stress on the
si dewal | s of t he dreaterstregs lomthelsidevetliamé the ingexdéed keyhole

wherein the: upperabpdne PR Btts Bufh™ *°
sidewalI's. 12. The nmethod of claim 10 conprises

fillin he trench with a dielectric or sem conductor
o U1 Belnogiot i @Mﬁ&&elafhwaﬁ)@ﬁ PQstioh ePEPHses@lanted
et chigegyaf§. t he upper portion conprises an anisotropic

etch and the etching of the | ower portion conprises an
isotropic etch wherein the anisotropic etch fornms a

ESBIARIR b T0-bErH i EOBA RS g
etch. 14. Theemiedimduttof materiam 10 wherein the etching

of the upper portion conprises an anisotropic etch
and the etching of the [ower portion conprises a dry

1133 OfHePRethod of claim 10 wherein the etching of the upper portion comprises an
anisotropic etch and the etching of the lower portion comprises an isotropic etch
wherein the anisotropic etch forms a passivation layer on the first sidewalls and

the passivation layer is etch resistant to the isotropic etch.

14. The method of claim 10 wherein the etching of the upper portion comprises an
anisotropic etch and the etching of the lower portion comprises a dry isotropic
etch.

15. The method of claim 10 wherein the etching of the upper portion comprises a
dry anisotropic etch and the etching of the lower portion comprises a dry isotropic

etch, wherein the anisotropic and isotropic etches are performed insitu.

16. A method for forming stressor regions comprising:
providing a substrate prepared with isolation regions defining an
active region and a gate structure on the substrate in the active

region;
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etch. 15. The method of claim 10 wherein the etching
of the upper portion conprises a dry anisotropic etch
and the etching of the |ower portion conprises a dry
isotropic etch, wherein the anisotropic and isotropic
etches are perfornmed insitu. 16. A nmethod for form ng
stressor regions conprising: providing a substrate
prepared with isolation regions defining an active
region and a gate structure on the substrate in the

active r&ghiimyg tréAchiay inisoarde/éairegidns sd)scdieteltal iBolation
regi ons adjacent to the isolation regions and the

gate strufeUPRs andhepaersdusiung Wherein iopagsthe trenches

conpri sescgiphsdg upper portions of the trenches in

the source/drain regions of the substrate, wherein

passi vat i on étafisgsippee podione of the seniheslih theosourcesdrain regions

' ches. ' i nd _.
et oni g POV SRl RAGERTRESPHC ReR 5 Bneolh ingeans of
Port 1 oner L he past vt Lo L ayers b ol oot | L pe. upper
bor ti ons' durfRANSIRKETRATIENS 6 fedrAnchesds foruiotingsd fower
and fillipBaidndssitt WRKS§featdritRaR tid (Ssr JOMIGHY, fhe b&ssivation

formstressor regions, “wherein the stressor regions
creat e sigyesspratecting thewppenpertiona during etching to form the lower

portions; and
filling the- trenches with a stress material to form stressor regions,
wherein the stressor regions create stress in the substrate under the

gate structure.

17. The method of claim 16 which further comprises forming source and drain

regions at least partially in the stressor regions.

18. The method of claim 16 which further comprises forming source and drain
regions at least partially in the stressor regions and in the substrate adjacent the
gate structure, wherein the source and drain regions are formed using an implant

process.

19. The method of claim 16 which further comprises forming source and drain
regions at least partially in the stressor regions and in the substrate adjacent the
gate structure, wherein the source and drain regions are formed by doping the

stress material.

20. The method of claim 16 wherein the upper portion comprises slanted

sidewalls.
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gate structure. 17. The nmethod of claim 16 which
further conprises formng source and drain regions at
| east partially in the stressor regions. 18. The

met hod of claim 16 which further conprises formng
source and drain regions at |east partially in the
stressor regions and in the substrate adjacent the
gate structure, wherein the source and drain regions
are formed using an inplant process. 19. The nethod

x1f THeamisttd ofttlagiim f61whbedin eTpichigsofftiee Upper Fartions compeises an
| east art|aII n the stressor

drain ons  at |

anisploRic %ng and the, stcibmgs? tae dowes; &F@?ﬁ C?'WE”S%%?@’Y isotropic
egddfucture, wherein the source and drain regions are
formed by doping the stress material. 20. The net hod
of claim 16 wherein the upper portion conprises

slanted sidewalls. 21 21. The nethod of claim16
wherein the etching of the upper portion conprises an
ani sotropic etch and the etching of the | ower portion
conprises a dry isotropic etch. 22
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