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8 Background of Invention

9 1) Field of the Invention
10 This invention relates generally to fabrication of semiconductor devices
11 and more particularly to implant processes and more particularly to the fabrication of a
12 pocket or Halo regions.
13
14
15  2) Description of the Prior Art
16 The semiconductor industry continuously strives to reduce the
17 minimum feature sizes of MOSFETs in integrated circuits. These attempts are essentially
18  driven by the need to produce ICs at lower costs, while retaining or improving circuit
19 functionality and speed. This downscaling can for instance be achieved by reducing the
20  characteristic dimensions of the transistors present on these ICs, and especially the gate

21 lengths, the gate oxide thickness and the junction depths, and by increasing the channel

22 doping levels.



22.doping levels. I 1 2 Short MOS transistors generally suffer fromthe
so-cal l ed short-channel 3 effect (SCE): the source and drain regions wll
approach each other when the gate length is 4 reduced. This has an adverse
effect on the switching of the transistors in the sense that the 5
switching is less controlled by the gate el ectrode, which leads to an
undesired decrease in 6 the threshald voltage. This adverse effect can be
expl ai ned by a nmechani sm which causes 7 the depletion regions around the
source and the drain to occupy an increasingly large 8 fraction of the
chanpel region, so that a |lower potential on the gate is needed to achi eve
9 inversion in the channel. 10 In the conventional MOSFET scaling
scenari os, SCE has been kept 11 within acceptable limts by reducing the
juncion dept hs and $hmot MAS napsishers ghrenaibl sulfep foin the 20-coMEEsHoFadhais] These
conventional scenarios, however, no |onger work for sub-0.18 mcron
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7  the depletion regions around the source and the drain to occupy an increasingly large

8  fraction of the channel region, so that a lower potential on the gate is needed to achieve

9  inversion in the channel.
10 In the conventional MOSFET scaling scenarios, SCE has been kept
11 within acceptable limits by reducing the junction depths and increasing the channel dopant
12 concentration. These conventional scenarios, however, no longer work for sub-0.18 micron
13 devices, because in these devices the suppression of SCE requireé too high a doping level
14 in the channel, which gives rise to junction breakdown.
15 A proposed solution to this problem is the use of pocket or halo
16  counterdoping implants. Phosphorus, arsenic or antimony ions are ﬁsed for pockets in
17 PMOS transistors, while boron or indium ions are used for pockets in NMOS transistors.
18 The pocket implants serve to raise the channel doping level in the immediate vicinity of the
19 S/D regions. This leads to a net increase in the channel doping regions when the gate

20 length is reduced, thereby suppressing the influence of the S/D depletion regions for short-

21 channel] devices.




20 length is reduced, thereby suppressing the influence of the SID

depl etion regions for short- 21 channel devices. 2 1 In standard MOS
processi ng, and especially in conventional 2 Conplenentary MOS processing,
t he pocket inplantation step, which is also referred to as 3 the halo

i npl antation step, is conbined with the SID (extension) inplantation step.
During 4 this conbined inplantation step, certain areas of the silicon
wafers are covered with a 5 patterned resist layer in order to avoid
undesired inplantation of these areas. For instance, 6 PMOS transistors
are covered during formation of NMOS transistors and vice versa. These 7
pockkt inplants and [Bst8ndad MESpragessiag and eepasially 1g cepyratienalinneal i ng step
after renoval of 8 the the resist |layer. The dopant diffusion during this
annedl i kgmplemeniay MQS peecesding, Shetperkei implandatiosf stépp tWhichhie alsockfetrediapant s and
the S/ D dopants. 10 Figure 8A shows a diagram of ions being inplanted into
a sidi ctw hadd miplaritdticacstey, d qgnbined Wwithphid YD @ktensida) imdanticaBt&)) DiBing Cr 0SS
sectional view of the wafer after the ion 13 inplant show ng three regions.

vacancy tiié Edinbiged RiplaRhOrLaES SehAnGoas 80 HRLIRIMA JrtersAfe cobArdddp@a (EOR)
region. 15 The inportance of overcom ng the various deficiencies noted

cbore. | B oncet be 1d SRL LERUAL RO PRl =
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7  pocket implants and S/D implants are activated in a single annealing step after removal of
8  the the resist layer. The dopant diffusion during this annealing step determines the
9  distribution of both the pocket dopants and the S/D dopants.
10 Figure 8A shows a diagram of ions being implanted into a silicon wafer
11 according to the prior art.
12 Figure 8B shows a cross sectional view of the wafer after the ion
13 implant showing three regions: vacancy rich region, projected range region and End of
14 range (EOR) region.
15 The importance of overcoming the various deficiencies noted above is
16  evidenced by the extensive technological development directed to the subject, as
17 documented by the relevant patent and technical literature. The closest and apparently
18 more relevant technical developments in the patent literature can be gleaned by considering
19 the following.
20 US 2003/0013260A1(Gossmann et al.) shows a method of implanting

21 vacancy-generating ions into a preselected region of the body.
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19 the follow ng. 20 US 2003/ 0013260A1( Gossrmann et- al .) shows a net hod of

i nplanting 21 vacancy-generating ions into a preselected region of the
body. 3 I US 2003/0096490 Al - Borland, et al. - shows a method for
forrning a 2 shallow junction in a sem conductor wafer. 3 US 2002/0001926
Al -Noda - shows a process for an Ir pocket 4 inplant. 5 US

6, 537, 886b2(Lee) and US 2001/ 0041432AI Lee show inplant 6 processes. 7 US
2003/ 0049917 A1 (Noda) shows a multiple VI and anneal process. 8 9
annrphizing 1/1. 10 US 6,475,885B 1 (Sultan) shows a S/D formation with a
sub 4 1 2 Sunmary of LNy jon 3 It is an object of aspects of the
presbnt i nvention to[%ﬂﬁvpggsgAQ¥ﬁﬁo§oﬂ6WiQhﬂfeéh@Wﬁ@ mggfoddpsiomping a

sem conductor_ devices. 5 It is an object of aspects of the present

i nveht i shplloy jynetianda agemiganductpowafer.

3 US 2002/0001926 Al -Noda — shows a process for an Ir pocket
4  implant.
5 US 6,537,886b2(Lee) and US 2001/0041432A1 Lee show implant

6 proéesses.

7 US 2003/0049917 Al(Noda) shows a multiple I/ and anneal process.
8 US 6,475,885B1(Sultan) shows a S/D formation with a sub-

9  amorphizing I/I.
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6 reducing defects in a pocket inplantation process in a sem conductor
devices. 7 Aspects of the present invention provides a nethod which is 8
characterized as follows. A nmethod for form ng an anorphous shal |l ow i npl ant
region 9 that getters defects froma pocket inplantation; conprising: 10
a) providing a gate structure, on a substrate conprised with a first
conductivity type 11 dopant; the substrate conprised of an upper

crystal line section; 12 b) perform ng a pocket anorphizing inplantation
procedure to inplant ions of a 13 second conductivity type to forma
pocket inplant region adjacent to 14 the gate structure, and an anor phous
pocket region; the anorphous 15 pocket region is fornmed at a first depth
bel ow t he substrate surface; 16 c) perform ng a shal |l ow anorphi zi ng
inplant to form an anor phous Ssimahkguefithe Inpdndion r egi on; t he anor phous

shal  ow i npl ant region being forned 18 at a second depth above the
anmorphous pocket r edi éen difect pf ppeéte bfithepresebnventiuinad prdvadd ®method for
Source-Drain Extension regions of a second 20 conductivity type using the

gat e4 st rddutibRicRStsdn BBalconddet®)deRREL.Or M ng a source/drain inplant procedure
to formdeep source/drain regions; 5 1 f) perform ng an anneal procedure to

recrystalize the a gh% : i reqi . R, S
poc k%t regi on, V\her‘e)%y uozojlgér?rgkp \gﬁﬂé 'Eg{@%ﬁeéwhﬁ%%fbgﬁ?%?%\é?%% re ﬁgglg
def ¢ ts rgtﬁlgmn%%e@étstirq% ﬂ%glgé%lplafita%gg E)Poryegsl ig Iser;rlrl)ilcgr?&dctor devices.

7 Aspects of the present invention provides a method which is

8  characterized as follows. A method for forming an amorphous shallow implant region

9 that getters defects from a pocket implantation; comprising:

10 a) providing a gate structure, on a substrate comprised with a first conductivity type
11 dopant; the substrate comprised of an upper crystalline section;

12 b) performing a pocket amorphizing implantation procedure to implant ions of a

13 second conductivity type to forrg a pocket implant region adjacent to
14 the gate structure, and an amorphous pocket region; the amorphous

15 pocket region is formed at a first depth below the substrate surface;

16 ¢) performing a shallow amorphizing implant to form an amorphous shallow

17 implant region; the amorphous shallow implant region being formed
18 at a second depth above the amorphous pocket region;

19 d) performing a SDE implant to form Source-Drain Extension regions of a second
20 conductivity type using the gate structure as a mask;

21 ¢) performing a source/drain implant procedure to form deep source/drain regions;

5



5 6 The above and bel ow advantages and features are of representative 7
enbodi nents only, and are not exhaustive and/or exclusive. They are
presented only to 8 assist in understanding the invention. It should be
understood that they are not 9 representative of all the inventions defined
by the clains, to be considered limtations on 10 the invention as defined
by the clainms, or limtations on equivalents to the clainms. For 11

i nstance, sone of these advantages may be nutually contradictory, in that
they cannot be 12 sinultaneously present in a single enbodi nent.

Simkarly, i I 13 t0 one aspect of the

i nvelrllti on, 2233% Fﬁg}é%gitaglggﬁ%ﬁi) g""%@‘%&t@?&ﬁﬁ"ﬁﬁgFI?FD%‘%‘?‘PE%‘HSM‘“&&BB@{‘% of 14
t he ?I ai med i nvention have t been]a?i scussed .herein. I—@wever, no i nference
shoufd be 15 drawn r é58PRARG! US PQSkt degien.yherehy) the APETRIQUS hose not

di scussed herein other than for 16 purposes of space and reducing
repefition. Thus, t hisGaldewimpynigresioaaedicesdefpets fatmedtbadhepocket shoul d not be
consi dered dispositive in determ ning equival ence. Additional features and
18 aflvant ages of t he ammrpliingrimplant. become apparent in the foll ow ng
description, fromthe 19 drawings, and fromthe clains. 6 1 2 Brief

Descsi ption of the Drawings 3 The features and advantages of a

sem conduct or device according to the 4 present invention and further

detagls of a processtf algcﬁ}%rainﬁ%go@ga(ﬁzﬂﬁﬂfg?s %ﬁ%ﬁ-ﬂ}},@'ﬁfé &;rFéregeﬁlXagfe In

. Vi
accordance wth the present 1nvention w e nore clear &t ood from

t he . . .
7  embodiments only, and are not exhaustive and/or exclusive. They are presented only to

8  assist in understanding the invention. It should be understood that they are not

9  representative of all the inventions defined by the claims, to be considered limitations on
10 the invention as defined by the claims, or limitations on equivalents to the claims. For
11  instance, some of these advantages may be mutually contradictory, in that they cannot be
12 simultaneously present in a single embodiment. Similarly, some advantages are applicable
13 to ope aspect of the invention, and inapplicable to others. Furthermore, certain aspects of
14 the claimed invention have not been discussed herein. However, no inference should be
15 drawn regarding those discussed herein relative to those not discussed herein other than for
16  purposes of space and reducing repetition. Thus, this summary of features and advantages
17 should not be considered dispositive in determining equivalence. Additional features and
18 advantages of the invention will become apparent in the following description, from the

19  drawings, and from the claims.



6 follow ng description taken in conjunction with the acconpanyi ng draw ngs

in which like 7 reference nunerals designate simlar or correspondi ng

el enents, regions and portions and 8 in which: 9 Figures 1, 2, 3A and 3B
are cross sectional views showing a process to 10 form a shall ow anor phous
region that getters defects according to an enbodi nent of the 11
invention. 12 Figures 4A, 4B, 4C, 4D, and 4E are close up cross sectional
views 13 showing a process to forma shall ow anorphous region that getters
defects according to an 14 enbodi nent of the invention. 15 Figure 5 shows
an exanpl e di agram of an enbodi ment for the anneal. 16 Figure 6A is a TEM
inagb of a wafer that has a pocket (anorphizing) 17 inplant and the 2 step
soak anneal according to a process known to the inventors. 18 Figure 6B is
a TEM i mage of a wafer thaBriebBesnippiooloftthd Brwiplgszi ng) 19 inplant, the
enbodi nment' s shal | ow anor phi zi ng i npl ant and the enbodi nents' 2 step soak

20 agineal . 7 | Fi gurthe/BamheWad adedn®iss 5££ tdmidahdutto® Weike Setsdin@tethé0 af ter
a pocket 2 inplant that forns a anorphous pocket region 134 and pocket

oL 85 ol e e shodte AL oo @ oo

5  device in accordance with the present invention will be more clearly understood from the

6  following description taken in conjunction with the accompanying drawings in which like

7  reference numerals designate similar or corresponding elements, regions and portions and

8  inwhich:

9 Figures 1, 2, 3A and 3B are cross sectional views showing a process to
10 form a shallow amorphous region that getters defects according to an embodiment of the
11 invention,

12 Figures 4A, 4B, 4C, 4D, and 4E are close up cross sectional views
13 showinga proéess to form a shallow amorphous region that getters defects according to an
14 embodiment of the invention.
15 Figure 5 shows an example diagram of an embodiment for the anneal.
16 Figure 6A is a TEM image of a wafer that has a pocket (amorphizing)

{ 17  implant and the 2 step soak anneal according to a process known to the inventors.

18 Figure 6B is a TEM image of a wafer that has an pocket (amorphizing)

19 implant, the embodiment’s shallow amorphizing implant and the embodiments’ 2 step soak

20  anneal.



6 Figure 7C shows a cross sectional view of the substrate 10 after a spike
7 anneal step. 8 Figure 8A shows a diagram of ions being inplanted into a
silicon wafer 9 according to the prior art. 10 Figure 8B shows a cross
sectional view of the wafer after the ion 11 inplant according to the prior
art showi ng three regions: vacancy rich region, projected 12 range region
and end of range (EOR) region. 8 | 2 Detailed Description of the Preferred
Enbodi rents 3 4 A. A Problem all eviated by an exanpl e enbodi ment of the
Invention 5 Referring nowto the drawing and nore particularly to Figures
7A, 7B 6 and 7C there is shown pocket |nplant process over which

enbddi ments of the piEgRAA showageHass sertignel vew oRpirbstrateefratter g ppeket o be
understood in this regard that no portion of 8 Figures 7A, 7B and 7C is
adm2 t edhylantlbiest poinora anorphsust feekeregiont! 34 andpodkenintdRstittady 13& i sp&ckiet ghl y
sinplified diagramis an effort to provide an inproved understandi ng of
somg of EOR&egibfl 1p8ADI ens that are overcone by sonme of the exanple

enbodi nents of the invention. The I | enbodi ments alleviated additional

probj ems and the i”‘ﬁ@%r'la% éhﬁwQthrésF@@étﬁﬂalt e@l(}gh{éis%bsﬁla%em 4r&305R! uti on.

13 Figure 7A shows a ¢ross sectional view of substrate 10 after a pocket

5  anneal step.
6 Figure 7C shows a cross sectional view of thé substrate 10 after a spike
7  anneal step.
8 Figure 8 A shows a diagram of ions being implanted into a silicon wafer
9  according to the prior art.

10 Figure 8B shows a cross sectional view of the wafer after the ion

11  implant according to the prior art showing three regions: vacancy rich region, projected

12 rangé region and end of range (EOR) region.




14 inplant that forms an anor phous pocket region 134 and pocket
interstitials 138 in a 15 pocket end of range (EOR) region 13 8A 16 Figure
7B shows a cross sectional view of the substrate 10 after a soak 17 anneal
step. The anorphous pocket region 134 is recrystalized. Pocket secondary
FOR 18 defects (e.g. faults or loops) 170 are fornmed. 9 1 Figure 7C shows
a cross sectional view of the substrate 10 after a spike 2 anneal step.
The pocket secondary FOR defects (e.g. faults or | oops) 170 remai n and can
3 cause problenms. 4 Exanpl e enbodi nent for a Pocket inplant 5 The exanple
enbodi nents of the present invention will be described in 6 detail with
reference to the acconpanyi ng drawi ngs. An enbodi nent of the present 7
invention provides a nmethod of form ng a pocket inplant region. The exanpl e

i‘!ﬁtlbr E:;?;gs g A8 &Ngﬁﬁﬁwﬁfgcﬁ ’i?é‘g ttF? EW iff‘*@ﬂ%“‘ﬁ&%? Igﬁgv\nm?/nb?l gur es

1, 2, 3A, and 3B preferably has the 11 follow ng steps. 12 ~ STI formation
13 3 gate formation 14 ~ Large angle tilted angl e pocket Inplant 15 7
Shal | ow anor phi zi ng i npl ant - key step

4 A. A Problem alleviated by an example embodiment of the Invention

5 Referring 10w to the drawing and more particularly to Figures 74, 7B
6 and 7C there is shown pocket implant process over which embodiments of the present
7  invention are an improvement. It is to be understood in this regard that no portion of
8  Figures 7A, 7B and 7C is admitted to be prior art as the present invention. Rather, this
9  highly simplified diagram is an effort to provide an improved understanding of some of the
10  problems that are overcome by some of the example embodiments of the invention. The
11  embodiments alleviated additional problems and thc? invention is not limited to by this
12 problem solution.
13 Figure 7A shows a cross sectional view of substrate 10 after a pocket
14  implant that forms an amorphous pocket region 134 and pocket interstitials 138 ina
15  pocket end of range (EOR) region 138A.
16 Figure 7B shows a cross sectional view of the substrate 10 after a soak
17  anneal step. The amorphous pocket region 134 is recrystalized. Pocket secondary EOR

18  defects (e.g. faults or loops) 170 are formed.



16 ~ ultra shallow SDE i nplant 17 ~ spacer formation 18 ~ deep SID inpl ant
19 ~ 2 step anneal -- Soak then spike 10 1 B. gate structure 16 20 24 on a
sem conductor substrate 2 In an exanple enbodinent, referring to figure 1,
we provide a gate 3 structure 16 20 24 on a substrate doped with a first
conductivity type dopant. 4 The term "substrate" can refer generally to a
wafer or die such as a 5 silicon wafer. The substrate can be a wafer and
may include one or nore additional |ayers, 6 such as epitaxial |ayers and
the like, formed on the wafer. The substrate can be other 7 sem conductor
subsfrat es, such asel? Si lféq\g’ on insulator (SA) substrate. The substrate
can - 8 conprise ot herS¥Eiciars argesisactional wey of dhesubstate 48 pges asvikegi ons
14, such as shallow 9 trench isolation (STI%i1 regions. The substrate is

pr efer afPgFabstERhepogkstiseeomdarReR defsets (ot faulis oxloepsHIOsemainrat eamay
include P and N wells, such as p-well 12. 13 The gate structure can

conpt i seause geahderds.el ectric 16 and a gate el ectrode 14 20 and spacers 24.
15 C. pocket anorphizing inplantation procedure 16 Referring to figures 1
and figure 4A, we perform a pocket anorphizing 17 inplantation procedure

to férma pocket inpl artxdnegle @bddifbntfok AMFckbiMylhy type, an

5 The example embodiments of the present invention will be described in
6  detail with reference to the accompanying drawings. An embodiment of the present
7 inventjon provides a method of forming a pocket implant region. The example illustrates a

8  NMOS device, but both NMOS and PMOS devices may be fabricated.

9 A. Overview of process flow

10 The process shown in figures 1, 2, 3A, and 3B preferably has the

11 following steps.

12 U STI formation

13 O gate formation

14 0 Large angle tilted angle pocket Implant
15 U Shallow amorphizing implant — key step
16 [ ultra shallow SDE implant

17 O spacer formation

18 0 deep S/D implant

19 ) 2 step anneal — Soak then spike

10




18 anor phous pocket region 34 and pocket interstitials 3 8 under the

anor phous pocket region 19 34. The pocket inplant region has the opposite
inmpurity type doping as the subsequently 20 formed source/drain (SID)
regions. 11 1 The anor phous pocket region 34 is preferably forned at a
depth 2 between 40 (34A) and 100 (34B) nm and nore preferably between 40
(34A) and 60 3 (34B) nm The anorphous pocket region 34 preferably has a
t hi ckness between 50 and 4 60 ran and nore preferably between 10 and 20
nm The substrate above the anorphous 5 pocket region 34 preferably
remajns crystalline. 6 The pocket anorphizing inplantation preferably
conpti ses i mi- gate §§uctuge agp?&n?“ epersemicenductor ssthstratei um (p-type) or As
Speci es at an energy between 115- 8 150 keV and at a dose between 1E13 and

7El4cm -2 using a duash diinple dolidatibntafef@inl i figurd 143 IR8YRE aldald angl e to
forma pocket inplant to a maxi num depth 34B between 40 and 65~ 10 nm 11

The poc 06PNy L t i . | e t .a dose 12 above
t he gm?ﬁ%ati g?q%r(gfg%%%{rg@ d’f)ﬁéecpglﬁﬁi%cﬁggrﬁpégggé@lﬁztggﬁ&rﬁgpaaﬁ%cket anor phi zi ng
impl ant 13 creates t.he pogket injerstitials 38 that_are_the problemthat
t he Subsequent shal It}\]ﬁtf aﬂglrsgﬁﬁezf’aﬁ’gre Wﬁﬁ?ﬁﬁﬁ’oﬁwmrﬂ@‘ﬁsg%ﬁ%pi ke
annegl Sﬁ,l ve. 3%5 D, shal | ow anorphi zing inplant 16 Referring to figure 2
and ?i g8ieon Baisfe The pabstrate:can g o) verlerandpai inclvge ongof mpreasiditianal layersan
am)rghous shal | ow i npl ant region 42 and shallow inplant interstitials

such as epitaxial layers and the like, formed on the wafer. The substraté can be other

7  semiconductor substrates, such as a silicon on insulator (SOI) substrate. The substrate can
8  comprise other structure formed therein, such as isolation regions 14, such as shallow
9  ftrench isolation (STI) regions.
10 The substrate is preferably a {001} silicon wafer doped with p-type
11~ impurities.
12 The substrate may include P and N wells, such as p-well 12.

13 The gate structure can comprise a gate dielectric 16 and a gate electrode

14 20 and spacers 24.

15 C. pocket amorphizing implantation procedure

16 Referring to figures 1 and figure 4A, we perform a pocket amorphizing
17 implantation procedure to form a pocket implant region 30 of a first impurity type, an

18 amorphous pocket region 34 and pocket interstitials 38 under the amorphous pocket region

19 34. The pocket implant region has the opposite impurity type doping as the subsequently

20 formed source/drain ($/D) regions.

i1



18 46. 19 The anor phous shallow inplant region 42 is fornmed at a second
depth 20 above the anorphous pocket region 34. The substrate above the
anor phous shallow 12 1 inplant region 42 preferably remains crystalline.
The anor phous shallow inplant region 2 42 is preferably formed at a depth
bel ow t he subsequently formed SDE region (See figure 3 2-464) 4 The
shal | ow anor phi zi ng i npl ant preferably conprises: inplanting As, 5 Si, or
Ge species at a dose greater than 5E 13 en i-2 and nore preferably at a
dose between 6 5E13 cm -2 and 7E14 cm 2 and at an energy between 5 and 10
keV, and preferably at a 7 7 angle and a quad twi st. M nor adjustnents for
the j npl ant energie e rt. LES ' 9 The
anDthous shallom/iﬁgﬁgﬁygig%% nnglFéggEég%&%%?éﬁfgégég%g%agﬁhlo m ni num
depth (42A) of ahout 8 a maxi pum depgt h  (42B) of bel the 11
cubetr ubEesn f”&c@%ﬁzaﬂ@%@gﬁoﬂm @ﬁowwf?@é&ﬁ?%%ég Q) i 3% ant
region 42 has a thickness between 5 In this technol ogy, the distance 45
bet ween (345 ot (Ihmagforphinus phelidt segiars34 prsfcaahly hare thigingss ptweeant anpé-t op of
t he Pocket FOR region 38A is preferably between

4 60 nm and more preferably between 10 and 20 nm. The substrate above the amorphous

L

pocket region 34 preferably remains crystalline.
6 The pocket amorphizing implantation preferably comprises implanting
7  adopant species, such as Sb, Indium (p-type) or As Species at an energy between 115-
8 150 keV and at a dose between 1E13 and 7E14 cm™ using a quad twist implant at a about
9 45 degree tilt angle to form a pocket implant to a maximum depth 34B between 40 and 65
10 nm.
11 The pocket amorphizing implant process implants species at a dose
12 above the amortization threshold of the silicon substrate. The pocket amorphizing implant
13 creates the pocket interstitials 38 that are the problem that the subsequent shallow

14 amorphizing implant and two step soak/spike anneal solve.

15 D. shallow amorphizing implant

16 Referring to figure 2 and figure 4B, we perform a shallow amorphizing

17 implant to form an amorphous shallow implant region 42 and shallow implant interstitials

18 4e.

19 The amorphous shallow implant region 42 is formed at a second depth

20  above the amorphous pocket region 34. The substrate above the amorphous shallow

12



16 60 and 80 am The anorphous shallow region 42 is not a conventi onal
Pre- Anor phous 17 Inplant (PAlI) region. The depth and wi dth of the
anor phous region is adjusted (e.g., 18 inplant dose and energy) for each
technol ogy to inprove the gettering of deep secondary 19 pocket defects.
20 The shallow i npl ant FOR regi on 46A preferably has a thickness 21
bet ween 200 and 300 A. 13 1 E. SDE regions 64 2 . Referring to figure 3A
we performa source-drain-extension (SDE) (or “3 LDD) inplant using the
_gate structure as a nmask to form SDE regi ons 64 of a second 4 conductivity
type, in an area of the sem conductor substrate not covered by the gate 5
st r utt urimplahhesgHRY wefepitdy pembRE abisiallieC Thesmbiphoud SHALBRphnt Rfgidhe
pocket region; 6 Before the SDE inplant, an optional Pre-Anorphous | nplant
(PAI'2 can ibpreaibloomiehd of a o8 ﬁ%l&pﬁlersﬁgée%ﬁéﬁ@‘lfoﬁﬁﬁi SDEfEgBR\Yed MppRd L0 a
maxi mum dept h of bet ween 28 and 40 nm The énbodi ment' s shal | ow anor phous
regign @g_g%gjerably does 10 not enclose the SDE regions. 11 Preferably
the SDE regions are anneal ed by the subsequent 2 step 12 anneal descri bed
bel oy. There is preferably no separate anneal .for the SDE regjons. 13 F.
f or myyng spacers 60 lii:‘??g?%ll"w Wrggizﬂgdﬁﬁp §Pr%a]?l&cﬁﬁn§’5‘€?§hdm§’t%‘983 8360 on
the sidewalls of the

S1, or Ge species at a dose greater than SE13 cm™ and more preferably at a dose between

6 5E13cm™ and 7E14 em?and atan energy between S and 10 keV, and preferably at a 7°
7  angleand a quad twist. Minor adjustments for the implant energies may be need for the
8 different species.
9 The amorphous shallow implant region 42 is preferably formed at a

10 minimum depth (42A) of about 8 nm and a maximum depth (42B) of 20 nm below the

11 substrate surface.

12 The amorphous shallow implant region 42 has a thickness between 5
13 and 10 nm.
14 In this technology, the distance 45 between the bottom of the shallow

15  implant EOR region 46A and the-top of the Pocket EOR region 38A is preferably between
16 60 and 80 nm. The amorphous shallow region 42 is not a conventional Pre-Amorphous
17 Implant (PAI) region. The depth and width of the amorphous region is adjusted (e.g.,

18  implant dose and energy) for each technalogy to improve the gettering of deep secondary
19  pocket defects.

20 ‘ The shallow implant EOR region 46A preferably has a thickness

21  between 200 and 300 A.

13



15 gate structure 16 20 24. 16 G Deep SID regions 68 17 As shown in figure
3, we performa source/drain (SID) inplant 18 procedure to form Deep SID
regions 68. Before the SID inplant, an optional Pre- 19 anorphous i npl ant
(PAlI') can be performed. 14 1 H anneal procedure 2 Referring to figures 3A
and 3B, and figures 4C, 4D and 4E, we perform 3 an anneal procedure
preferably conprised of a first soak step and a second spike step to 4
recrystalilze the anorphous shall ow i npl ant region 42 and the anor phous
pocket region 5 34. This anneal reduces the shall ow secondary FOR defects
70 adj acent the shallow 6 inplant interstitials 46 and deep secondary FOR
defects 80 ag spfedibpsket interstitials 7 38. 8 Figure 5 shows an
exanpl e di agram of an enbodi nent for the anneal. 9 The anneal is
preferably a rapid thermal process (RTP) anneal. 10 The anneal procedure
prefierabl y conpri seRUEYINg tQ HgRresife v Periorm a isepserdsainr e iersoRdSRES (0 and
800 C for a tine between 10 and 30 seconds and (2) a 12 spike step. In the
spi ke sEBPR) implant enpethategtestuahps aammeask @ foralSDiersgmnatdoé alsetonden 1000 13
and 1100 C and a ranp down fromthe peak tenperature to a tenperature bel ow
800 4. cdntludiidty @gpg inpn ared of dngsedivendhense substrate qobedwesib2Me gaed 300 degree

C per mnute. 15 The enbodi nents' rapid thermal process (RTP) anneal
di f fr ssthic@ifea The SDE regions preferably located in a top portion of the pocket region;
6  Before the SDE implant, an optional Pre-Amorphous ﬁnplant (PAI) can be performed.
7
8 The SDE regions 64 are preferably formed to a maximum depth of
9  between 20 and 40 nm. The embodiment’s shallow amorphous region 42 preferably does
10  not enclose the SDE regions.

11 Preferably the SDE regions are annealed by the subsequent 2 step

12 anneal described below. There is preferably no separate anneal for the SDE regions.

13 F. forming spacers 60

14 Referring to figure 3, we form second spacers 60 on the sidewalls of the

15 gate structure 16 20 24.

16 G. Deep S/D regions 68

17 As shown in figure 3, we perform a source/drain (S/D) implant
18  procedure to form Deep S/D regions 68. Before the S/D implant, an optional Pre-

19 amorphous implant (PAI) can be performed.

14



16 conventional furnace anneal because furnace anneals typical are
performed for nore than 17 30 minutes. In contrast, a RTP involves heating
only the surface of the wafer for usually 18 less than 30 seconds. 19 The
two step anneal is rather inportant in this enbodi nent. The 20 intention of
t he shal | ow anorphi zing inmplant, 42, is to intentionally introduce a |ayer
of 21 shallow silicon interstitial saturated region, 46, via inplantation.
‘During the soak step of 15 | the anneal, the anorphous regions are being
anneal ed out (34 and 42) where they re- 2 crystallize. Sinultaneously, at
regions 3 8 and 46, the interstitials clusters, form ng 3 dislocations. As

the yntersti iy tration in Deep EOR region 3 8A is nade much
4 hiigher, thy%'grn?r%{%ﬂsg?ﬁﬁe deep secondary EOR defects (dislocations) 80

is made easier. S These deep secondary EOR defects (dislocations) 80
serves as sinks, forRefREingde figures Jinansk 3R.iangl iggres G #Drangidfn weaperiorm
suppressing the defect formation in the region 38A 7 Upon spi ke stage of
t he Znnealannea povcatumsfprefomblii sbmpasddord al forsisoak s@p mad a cecoldd spike kspitbi t at ed
as mpjority of the dislocation are now displaced towards the surface 9 of

the 4i | rexpystalilid the apoeRRius halldat @npldfhéhién 41 afd G athofphoub PWskeBrepidds S
section view of a substrate 10 that has Si 12 Interstitials 38 forned

undes neal NTRRMNAE] AKREs sB{}%v@EE&BH{HE? F@I@@&%&& %QE%E«%{ iy sh%ﬁ' ¥ 13 S

Interstitials 3 )8 and anorphi zed pocket reglon re ftorne t he pocket
g:m %LIO izrééllaié{é@tgg#ﬁiﬁgsg%dg%ag Is&:%{lgargi 'EOEQ GRS Iéstadjj ac Ilt %?et poCc gtslggérstt%%ls
7 38.
8 Figure 5 shows an example diagram of an embodiment for the anneal.
9  The anneal is preferably a rapid thermal process (RTP) anneal.
10 The anneal procedure preferably comprises (1) a soak step at a
11 temperature between 600 and 800 °C for a time between 10 and 30 seconds and (2) a
12 spike step. In the spike step, the temperature ramps up to a peak temperature between 1000
13 and 1100 °C and a ramp down from the peak temperature to a temperature below 800 °C.
14 The ramp up and ramp down have a rate between 200 and 300 degree C per minute.
15 The embodiments’ rapid thermal process (RTP) anneal differs from a
16  conventional furnace anneal because furnace anneals typical are performed for more than
17 30 minutes. In contrast, a RTP involves heating only the surface of the wafer for usually
18  less than 30 seconds.
19 The two step anneal is rather important in this embodiment. The
20 intention of the shallow amorphizing implant, 42, is to intentionally introduce a layer of

21 shallow silicon interstitial saturated region, 46, via implantation. During the soak step of

15



15 the Si interstitials because the damagi ng effect of the inplantation.
The pocket or halo 16 inplant causes severe end of range danage (EOR)
damage such as the Si Interstiatial 17 saturated region. 18 J. shall ow
anor phi zing inplant 19 Figure 4B shows a cross section view of a substrate
10 after the 20 enmbodi ment's shal | ow anor phi zi ng i npl ant procedure to form
an anor phous shallow 16 1 inplant region 42 and shal | ow i npl ant
“interstitials 46 in a shallowinterstitial saturated 2 region 46A. The
anor phous shal |l ow i npl ant region 42 being forned at a second depth 3 above
t he the anorphous pocket region 34. The substrate above the anorphous

shal | owpeAainzhl ﬁﬁtarﬁ&gh&ﬁ rBgohd &5 bR 'a}ﬁnéa?é@&ﬁgsa?éﬁ{é:@'\bﬁéi‘ the? rk- soak

anneal step 6 Figure 4C sho a cross section view of “a substrate 10 that

has c dothe fir soak. st 0 enbodi nent' s apneal . As shown in
(o o FRRefE S TR, B0RK0R S0AR 4.k SR AT s BB, o phons
pocket region 34 are 9 recrystalilzed. 10 As illustrated in figure 4C, deep
secondaflip qf'@ii?f&ef"éE‘%es‘n@ﬁt’(t‘@gétgé§§H‘Eﬁ‘é’Ea’“‘1‘1“b?e%H%OBifF%‘P%éfAd? @ag‘éfm’éb in a
deep secondary FOR defect region 80A and shallow 12 secondary FOR defects

70 ot e highapihe fermationsthe deepseecmnddnr FORDRfasest (disiogasigingn 8¢ dvmade@sithe FOR

defects can be dislocation |oops or dislocation planes. 14 During the soak
st epd of These deap esdonddrh ECRrdefolie (disloegionss 8arervbeadinks, for the pocket

6  interstitials 38 at region 38A, suppressing the defect formation in the region 38A.
7 Upon spike stage of the anneal, removal of the dislocation loop in
8  region 38 is facilitated as majority of the dislocation are now displaced towards the surface

9  of'the silicon.

10 l. pocket or Halo implant

11 Figure 4A shows a cross section view of a substrate 10 that has Si

12 Interstitials 38 formed underneath and adjacent to the amorphized pocket region 34. The
13 SiInterstitials 38 and amorphized pocket region 34 are formed by the pocket 6r Halo
14 implant shown in figure 1. The pocket implant causes the amorphized pocket region and
15 the Si interstitials because the damaging effect of the implantation. The pocket or halo

16  implant causes severe end of range damage (EOR) damage such as the Si Interstiatial

17 saturated region.

18 J. shallow amorphizing implant

19 Figure 4B shows a cross section view of a substrate 10 after the

20 embodiment’s shallow amorphizing implant procedure to form an amorphous shallow

16



15 anneal ed out (34 and 42) where they re-crystallize. Sinultaneously, at
regions 38 and 46, 16 the interstitials clusters, form ng dislocations. As
the interstitial (38) concentration in 17 Deep FOR region 38A is nade nuch
hi gher, the formation of the deep secondary FOR 18 defects (dislocations)
80 is made easier. During the soak step, these deep secondary FOR 19
defects (dislocations) 80 serves as sinks, for the pocket interstitials 38
at region 38A, 20 suppressing the defect formation in the region 38A. 17 1
L. Theorized Mechani smfor defect renoval 2 The pocket interstitials 38
clusters formdeep (pocket) Secondary FOR 3 defects 80. 4 The shall ow
i nplant ;4 rStiht hal ; r 1

BNt ihBb Iss,glbﬁ 42! shatfall W @9@15@ 15%\9%@%043% ayshgﬁ&ne gﬁgﬁgga% st'é?_lurated

(di sl ocations)”70. 6 Figure 4 ows e propose at the

enbogi d 7 ondar R. de ts 70. As sho ip figure
20 % RS B arkogBER SEHEPIRRIL BRI RELL Blibe Rl S BBl el To
N The pocket, interstitials 38 contyjbute to the formtion of deep secondary
11 di sl BRO¥Eitbne gmorphous packet c&&%ﬁ- h“éhesﬂd%ﬁqr%abm fampryhopgshallawasa. 12 7
The deep (pocket) Secondary FOR defects 80 nove up to the shallow inpl ant
13 it ersplpntrggion e greferahbxemathssoystaliitut e t o the shal | ow FOR defects 70.
14 0 The shall ow FOR defects 70 nove up to the substrate surface and are
renmoved.
5 K. soak anneal step

6 Figure 4C shows a cross section view of a substrate 10 that has

7  completed the first soak step of the embodiment’s anneal. As shown in figure 4C, the

8  amorphous shallow implant region 42 and the amorphous pocket region 34 are

9  recrystalilzed.
10 As illustrated in figure 4C, deep secondary EOR defects 80 (represented
11 by the circles) are formed in a deep secondary EOR defect region 80A and shallow
12 secondary EOR defects 70 are formed in the shallow secondary EOR defect region 70A.
13 The EOR defects can be dislocation loops or dislocation planes.
14 During the soak step of the anneal, the amorphous regions are being
15  annealed out (34 and 42) where they re-crystallize. Simultaneously, at regions 38 and 46,
16  the interstitials clusters, forming dislocations. As the interstitial (38) concentration in
17 Deep EOR region 38A is made much higher, the formation of the deep secondary EOR
18  defects (dislocations) 80 is made easier. During the soak step, these deep secondary EOR
19 defects (dislocations) 80 serves as sinks, for the pocket interstitials 38 at region 384,

20 suppressing the defect formation in the region 38A.

17



15 ~ The deep (pocket) Secondary FOR defects 80 and the shall ow FOR defects
70 are 16 easily renoved as they are | ocated near substrate surface as
conpared to the deeper 17 secondary FOR defects 80. 18 * The shal | ow
inplant interstitials 46 nove up to the surface and are renoved. 19 ~ The
end result is that the deep secondary FOR defects 80 and pocket
interstitials 20 38 are reduced. 18 I M spike anneal step 2 As shown in
figure 4E, during spi ke stage of the anneal, additional 3 EOR defects 70
80 mgrate towards the substrate surface and are renoved. Also, the 4
anor phous regions are conpletely re-crystallized. Al so, dopants; are

actiyated Wher gHebpized MEEARKISH? 76r BEfeRTRehith@Istitial . 6 Exanples 7 ,
Fi gures 6A and 6B are cross sectional TEM I mages of wafers. Figure 8 6Ais

a TEMimage of a waf.er that .has a packet (anorphizin i.npl an t he two
step” 9 soak anneal .ﬁ*lerﬁ"%ﬁtflﬁwrﬁtwagi %ﬁ‘@t%ﬁ?%ﬁggﬁ?at@‘%‘&t)@&o%#ﬁgﬁgﬁem' s
shal | ow anorphi zing 10 inplant. Figure 6A shows a high density of

di sl dcadplsptsiB8ops (e.g., deep pocket secondary 11 EOR defects (like 80 in
figure 413)). 12 Figure 6B is a TEMinage of a wafer that has an pocket
(ano4phi zi ng) 13 i nPhestiallowhmptanbintiirseétils 46 firal shallowisecoplayi BOR idefebtant and
t he enbodi nents' 2 step soak 14 anneal. Figure 613 shows a | ow density of
di sl gcafdisiocatRREp7d.e. 9., deep pocket secondary

6 Figure 4D shows the proposed mechanism that the embodiments reduce

7  deep secondary EOR defects 70.

8 As shown in figure 4D, a proposed mechanism is that during the soak
9  step of the anneal:
10 00 The pocket interstitials 38 contribute to the formation of deep secondary
11 disloéations 80 that move up to the shallow implant EOR region 46A.
12 O The deep (pocket) Secondary EOR defects 80 move up to the shallow implant
13 interstitials region 46A and contribute to the shallow EOR defects 70.
14 0 The shallow EOR defects 70 move up to the substrate surface and are removed.
15 O . The deep (pocket) Secondary EOR defects 80 and the shallow EOR defects 70 are
16 easily removed as they are located near substrate surface as compared to the deeper
17 secondary EOR defects 80.
18 O  The shallow implant interstitials 46 move up to the surface and are removed.
19 0 The end result is that the deep secondary EOR defects 80 and pocket interstitials
20 38 are reduced.

18




15 EOR defects (like 80 in figure 4E)). 16 A conparison of figure 6A with
figure 6B shows that the 17 enbodi nents' shal |l ow anorphizing inplant and 2
step anneal significantly reduces the 18 (e.g., deep pocket secondary EOR
defects (like 80 in figure 4E)). 19 20 19 1 G ven the variety of

enbodi ments of the present invention just 2 described, the above
description and illustrations show not be taken as limting the scope 3 of
the present invention defined by the clains. 4 Wiile the invention has been
particularly shown and described with 5 reference to the preferred

enbodi nents thereof, it wll be understood by those skilled in 6 the art

t hat lvar i ous Mhspikesanmedletepand detail s may be nmade without departing from
the 7 spirit and scope of the |nvent|on is intended to cover various

o it Lono"anc STt B ARSI S0 RSP o P
i ntegpr 1,0 to enco S such difjcations and simlar 10
arra ge%ﬁ#gegﬁégﬂa@c%{ﬁ?%?w@g ‘;’6 Sybstent ¢ anqtpugirRpgVSds - Also, the

‘4 amorphous regions are completely re-crystallized. Also, dopants are activated where the

5  dopant ions become interstitial.

6 Examples

7 Figures 6A and 6B are cross sectional TEM Images of wafers. Figure

8 6AisaTEM image of a wafer that has a pocket (amorphizing) implant and the two step

9  soak anneal. The wafer in figure 6A has not had the embodiment’s shallow amorphizing
10 implant. Figure 6A shows a high density of dislocation loops (e.g., deep pocket secondary
11 EOR defects (like 80 in figure 4E)).
12 Figure 6B is a TEM image of a wafer that has an pocket (amorphizing)
13 implant, the embodiment’s shallow amorphizing implant and the embodiments’ 2 step soak
14 anneal. Figure 6B shows a low density of dislocation loops (e.g., deeplpocket secondary
15 EOR defects (like 80 in figure 4E)).
16 | A comparison of figure 6A with figure 6B shows that the
17 embodiments’ shallow amorphizing implant and 2 step anneal significantly reduces the
18 (e.g., deep pocket secondary EOR defects (like 80 in figure 4E)).
19

20

19



341 Anmethod for form ng an anor phous shal |l ow i.npl ant region that
getters defects froma 5 pocket inplantation; conprising: 6 a) providing a
gate structure, on a substrate conprised with a first conductivity type 7
dopant; said substrate conprised of an upper crystalline section; 8 b)
perform ng a pocket anorphizing inplantation procedure to inplant ions of a
9 second conductivity type to forma pocket inplant region adjacent to 10
said gate structure, an anorphous pocket region; 11 (1) said anorphous
pocket region is fornmed at a first depth below the 12 substrate surface;
13 c¢) performng a shallow anorphizing inplant to form an anorphous shal | ow
14 inpl ant region; 1Givédjhesatidtyasfeaibodimershiaf the prdsemliavintiog esdn bei ng
formed at a second 16 depth above sai d anorphous pocket region; 17 d)

per for niagrised, W iRke BEREBHANS Snd Duk@AIoHS LRAW 26t B EKATRY IRDRMS Bhabhew
inplant 18 regi on and sai d anor phous pocket regi on, whereby sai d anorphous

19 ohalbPu POLAT L Ol AR lghect S T e by Lhe pockel 20
procgdure is Compri g ol Bl koS Bren acheul oty owa and onaivel wifh SteP:
5  reference to the preferred embodiments thereof, it will be understood by those skilled in
6 the art that various changes in form and details may be made without departing from the
7  spirit and scope of the invention. It is intended to cover various modifications and similar
8  arrangements and procedures, and the scope of the appended claims therefore shoﬁld be
9  accorded the broadest interpretation so as to encompass all such modifications and similar

10 arrangements and procedures.

11
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3 3. The nmethod of claim1l wherein said anorphous .pocket region is forned
at a depth 4 between 40 and 100 run; said anorphous pocket region has a

t hi ckness between 10 5 and 20 nm 6 and the substrate above the anorphous
pocket region remains crystalline. 7 4. The nmethod of claimI| wherein the
pocket anorphizing inplantation conprises 8 inplanting Sb or In species at
an ener gy between 115 and 150 keV using a quad 9 inplant at a 45 degree
angle to forma pocket inplant to a depth between 40 and 100 10 rim 11 5.
The nethod of claim1 wherein the shall ow anorphi zing inplant conprises:
inplanting 12 As, Si , Ge or N species at a dose between 5E13cm 2 and 7El4
cm-2 and at an energy 13 between 5 and 10 keV, and preferably at a 7
degree anghtds Obackdlii st. 14 6. The nethod of claim | wherein said anorphous
shal ow i nplant region is forned at a 15 minimumdepth of about 8 nmand a
maxi gumyd hel. ow f : i us

chal fow' aapahgh SE BRI b0 BTG S hplad ke B 2 o GEEANG, 2
nmet hod of cl.ai m rein the.anneal procedure conprises: (1) a soak step
at ag 18 198%@?’8%‘#\%%8%1 FEBPBB® and 800 C for a tine between 10 and 30
seconds and (2) a,. 19 spike step where the tenperature ranps up to a peak

t enp@r at ur e B BIAVEERE 2 681G sERefure On ¢ spbsiratesmmprised Wttt sangusEadyBeak
tenperature to a tenperature below 800 C, 21 said ranp up and ranp down
have7a rate between 2pamnshidabstietgremnpGsqkof an uppeecrygalline section;

8 b) performing a pocket amorphizing implantation procedure to implant ions of a

9 second conductivity type to form a pocket implant region adjacent to
10 said gate structure, an amorphous pocket region;
1t (1) said amorphous pocket region is formed at a first depth below the
12 substrate surface;
13 ¢) performing a shallow amorphizing implant to form an amorphous shallow
14 implant region;
15 (1) said amorphous shallow implant region being formed at a second
16 depth above said amorphous pocket region;
17 d) performing an anneal procedure to recrystalize the amorphous shallow implant
18 region and said amorphous pocket region, whereby said amorphous
19 shallow implant region reduces defects formed by the pocket
20 amorphizing implant.

21



2 8. A nethod for form ng an anorphous shallow i nplant region that getters
defects froma 3 pocket inplantation; conprising: 4 a) providing a gate
structure, on a substrate conprised with a first conductivity type 5
dopant; said substrate conprised of an upper crystalline section; 6 b)
perform ng a pocket anorphizing inplantation procedure to inplant ions of a
7 second conductivity type to forma pocket inplant region adjacent to 8
said gate structure, an anorphous pocket region; 9 (1) said anorphous
pocket region is fornmed at a first depth below the 10 substrate surface;
11 c) perform ng a shallow anorphizing inplant to form'an anorphous

shal{ owy. tKe mBibABE clff i1 Gterdid thd )anhdd! préd¥atiR 1o bSmpad @V firsidoaldktep €9i ON
being forned at a second 14 depth above said anorphous pocket region; 15

d) rforg A nt to form SDE regi ons of a second conductivity
typgf 16 g%?%agggﬁgb%gggaétructure as a mask; 17 e) performng a

/ I n_i ppl.ant dure to f d [ drai ' ;18 f
por 1 br non bR BRFIoR dCRHTS St PREPYREAPPoL U0 R AOPRIL SRR | ow
23" 14 Shal PEWeERAta OO0, BT FOIRESP P Co0t ISty heRRs Beeen 18 ¢

anor phi zi ng i npl ant .
5 and 20 nm;

6 and the substrate above the amorphous pocket region remains crystalline.

7 4. The method of claim 1 wherein the pocket amorphizing implantation comprises

8 implanting Sb or In species at an energy between 115 and 150 keV using a quad
9 implant at a 45 degree angle to form a pocket implant to a depth between 40 and 100
10 nm.

11 5. The method of claim 1 wherein the shallow amorphizing implant comprises: implanting
12 As, Si, Ge or N species at a dose between SE13c¢cm™ and 7E14 em™2and at an energy
13 between 5 and 10 keV, and preferably at a 7 degree and a quad twist.

14 6. The method of claim ! wherein said amorphous shallow implant fegion is formed at a
15 minimum depth of about 8 nm and a maximum depth of 20 nm below the substrate

16 surface; said amorphous shallow implant region has a thickness between 5 and 10 nm.

17 7. The method of claim 1 wherein the anneal procedure comprises: (1) asoak step ata

18 temperature between 600 and 800 °C for a time between 10 and 30 seconds and (2) a
19 spike step where the temperature ramps up to a peak temperature between 1000 and
20 1100 °C and a ramp down from said peak temperature to a temperature below 800 °C;
21 said ramp up and ramp down have a rate between 200 and 300 degree °C per minute.
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3 9. The nmethod of claim@8 wherein the anneal procedure is conprised of a
first soak step 4 and a second spi ke step. 5 10. The nethod of claim8
wherei n sai d anor phous pocket region is fornmed at a depth 6 between 40 and
100 nm sai d anorphous pocket region has a thickness between 10 7 and 20
rim 8 and the substrate above the anorphous pocket region remains
crystalline. 9 10 11. The nethod of claim8 wherein the pocket anorphizing
i npl antation conprises 11 inplanting Sb or In species at an energy between
115 and 150 keV using a quad 12 inplant at a 45 degree angle to forma
pocket inplant to a depth between 40 and 100 13 run. 14 12. The nethod of
cl aitm 8 wherein the shal |l ow anor phi zi ng i npl ant conprises: 15 inplanting
As, Si , Ge or N species at a dose between 5E13cm 2 and 7E14 cm 2 and at

16 3n egef gieahat ﬂ»ﬁ@&nﬁn%aﬁi arHBrpheYs simewinRiak adpion @bt gettérgbgectesramnd a quad

twst. 17 13. The nmethod of claim8 wherein said anorphous shal |l ow i npl ant
regison is ﬁﬁ& . 1-0i qum dept h of about 8 rim and a maxi num depth
of QO nm %(Iec%w l%ttastg)tglégcrgg{%@ff "surface; said anorphous shall ow i npl ant

regi on has t hi.gkness between 5 and 10 nm .2 . _Ehe net hod. | aim 8
wherei n sai % HIRY Bﬁ&&at%%\gﬁﬁ% anﬁ)sf"g’ﬁ‘[‘atf’ 8&?181336%%‘1%5&5{&98?%%%%2%& ween 5

and 10 mm 24 1 15. The nethod of claim 8 wherein thetafl_Di | ant procedure
conprises: inplanti ngopaat; said substrate comprised of an upper crys line section;

6 b) performing a pocket amorphizing implantation procedure to implant ions of a
7 second conductivity type to form a pocket implant region adjacent to
8 said gate structure, an amorphous pocket region;
9 (1) said amorphous pocket region is formed at a first depth below the
10 substrate surface;
11 ¢) performing a shallow amorphizing implant to form an amorphous shallow
12 implant region;
13 (1) said amorphous shallow implant region being formed at a second
14 depth above said amorphous pocket region;
15 d) performing a SDE implant to form SDE regions of a second conductivity type
16 using said gate structure as a mask;
17 €) performing a source/drain implant procedure to form deep source/drain regions;
18 f) performing an anneal procedure to recrystalize the amorphous shallow implant
19 region and said amorphous pocket region, whereby said amorphous
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2 ions at a dose of between 5E13 and 7E14 atons/sqg-cm an energy between 5
and 10 3 keV and a nmaxi num depth between 30 and 50 nm 4 16. The net hod of
claim 8 wherein the anneal procedure conprises: (1) a soak step at a 5
tenperature between 600 and 800 C for a tine between 10 and 30 seconds and
(2) a 6 spike step where the tenperature ranps up to a peak tenperature

bet ween 1000 and 7 1100 C and a ranp down from said peak tenperature to a
tenperature below 800 C, 8 said ranp up and ranp down have a rate between
200 and 300 degree C per mnute. 9 10 17. A method of for a pocket inplant
conprising: 11 a) providing a gate structure on a sem conductor substrate
conpidi sed with a fir shalldRinpladtregiouiréduces/fecto fiamed by 3hdpogsetr f ormi ng a
‘pocket anorphizing inplantation procedure to forma pocket 14 inpl ant

regi gn adj acent to samtbri@tRgSinbligt.ure, an anorphous pocket 15 region and
pocket interstitials under the anorphous pocket region; 16 c) perform ng a
shal how k17 [Wganll r Lplant region
and ghalgﬁg?vépﬁ&p gyc?aﬁ%ﬁe%%l?l%ﬁapg; 55)[1:%21 I?':{Brrgérp o%?o%gﬁgi%\l{ﬁao%v%f !rsr({pﬁFaSﬁé[B regi on
bei ng forng t a.segond depth above said 19 anorphous pocket region; 20

t he gubst raélaélas %OWeSpf esgeé’r’mr phous shall ow i nplant 21 region remains

crystal ljne: 25
Y % 10. %he method of claim 8 wherein said amorphous pocket region is formed at a depth

6 between 40 and 100 nm; said amorphous pocket region has a thickness between 10 |
7 and 20 nm;

8 and the substrate above the amorphous pocket region remains crystalline.

9

10 11. The method of claim 8 wherein the pocket amorphizing implantation comprises

11 implanting Sb or In species at an energy between 115 and 150 keV using a quad
12 implant at a 45 degree angle to form a pocket implant to a depth between 40 and 100
13 nm.

14 12. The method of claim 8 wherein the shallow amorphizing implant comprises:

15 implanting As, Si, Ge or N species at a dose between 5E13cmm™ and 7E14 cm™?and at
16 an energy between 5 and 10 keV, and preferably at a 7 degree and a quad twist.

17  13. The method of claim 8 wherein said amorphous shallow implant region is formed at a
18 minimum depth of about 8 nm and a maximum depth of 20 nm below the substrate

19 surface; said amorphous shallow implant region has a thickness between 5 and 10 nm.

20  14. The method of claim 8 wherein said amorphous shallow implant region has a

21 thickness between 5 and 10 nm.
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| 2 3 4 (1) said anorphous shallow inplant region is formed at a m ni num
depth of about 8 nmand a maxi num depth of 20 nm bel ow the substrate
surface; said anorphous shallow i nplant region has a thickness between 5
and 10 rim 5 6 d) performing a SDE inplant to form SDE regi ons of a
second conductivity type, in 7 an area of said sem conductor substrate not
covered by said gate 8 structure, with said SDE regions located in a top
portion of said pocket 9 region; 10 e) form ng spacers on the sidewal|ls of
the gate structure; 11 f) performing a SID inplant procedure to form Deep
S/D regions; 12 g) perform ng an anneal procedure conprised of a first soak

st epy ands arigaaemed 5PtI4Bn 8 Wwhebdif hd SYDX iaflaHs pRdcedhie chigrisesplippmtng hal | ow
i npl ant region and said 14 anor phous pocket region; whereby said shallow

amorphous ; 4k ?gbsle7d‘f’%ehﬁ&ir109Ef PHAHCAS 4 RS- B4E &n EAQEY bEIS/BRSKRY 10

| npl'ant at i on;
3 keV and a maximum depth between 30 and 50 nm.

4 16. The method of claim 8 wherein the anneal procedure comprises: (1) asoak step at a

5 tempérahue between 600 and 800 °C for a time between 10 and 30 seconds and (2) a
6 spike step where the temperature ramps up to a peak temperature between 1000 and

7 1100 °C and a ramp down from said peak temperature to a temperature below 800 °C;
8 said ramp up and ramp down have a rate between 200 and 300 degree °C per minute.
9

10 17. A method of for a pocket implant comprising:

11 a) providing a gate structure on a semiconductor substrate comprised with a first
12 conductivity type dopant;

13 b) performing a pocket amorphizing implantation procedure to form a pocket

14 implant region adjacent to said gate structure, an amorphous pocket
15 region and pocket interstitials under the amorphous pocket region;
16 ¢) performing a shallow amorphizing implant to form an amorphous shallow
17 implant region and shallow implant interstitials; the amorphous

18 shallow implant region being formed at a second depth above said
19 amorphous pocket region;

20 the substrate above the amorphous shallow implant
21 | region remains crystalline;
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18 19 (1) the anneal procedure conprises (1) a soak step at a tenperature
bet ween 600 and 800 C for a tinme between 10 and 30 seconds and (2) a spike
step where the tenperature ranps up to a peak tenperature between 1000 and
1100 C and a ranp down fromsaid 26 | peak tenperature to a tenperature

bel ow 800 C, said ranp up and 2 ranp down have a rate between 200 and 300 .
degree C per mnute. 3 4 18. The nethod of claim 17 wherein the pocket
anor phi zing inplantation conprises 5 inplanting Sb or In species at an
Energy between 115-150 keV using a quad inplant 6 at a 45 degree angle to
forma pocket inplant region to a depth between 40 and 100 nm 7 19. The
met hdd of claim 17 Whesad anegihdusstmilptvamplanosdgiin issfpimed bisa dhiiimesh at a
depth 8 range between 40 and 100 nm said anor phous pocket region has a

thi cBness between 9 1QepithdoRiboMbB nithahdsddskibding AR VT 20hen BABHIRROUS pocket
region remains crystalline. 10 20. The nethod of claim 17 wherein the

shal Bow aror phi zi ng imhamat@am%;?%ﬁfa&&phsﬁysﬁ%qgn@g?@ sonOfiasGE SPeci es

at a dose greater than 5E13cm 2 and at an energy n 5 and 10 keV,
and greferably at a 7 dgaiee; 80k 34a0 buist - 27

5
6 d) performing a SDE implant to form SDE regions of a second conductivity type, in
7 an area of said semiconductor substrate not covered by said gate
8 structure, with said SDE regions located in a top portion of said pocket
9 region;
10 ¢) forming spacers on the sidewalls of the gate structure;
11 f) performing a S/D implant procedure to form Deep S/D regions;
12 g) performing an anneal procedure comprised of a first soak step and a second spike
13 step to recrystaliize the amorphous shallow implant region and said
14 amorphous pocket region; whereby said shallow amorphous implant
15 region reduces the defects from the pocket implantation;
16 (1) the anneal procedure comprises (1) a soak step at a temperature
17 between 600 and 800 °C for a time between 10 and 30 seconds and
18 (2) a spike step where the temperature ramps up to a peak
19 temperature between 1000 and 1100 °C and a ramp down from said
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11

12

peak temperature to a temperature below 800 °C; said ramp up and

ramp down have a rate between 200 and 300 degree® C per minute.

18. The method of claim 17 wherein the pocket amorphizing implantation comprises
implanting Sb or In species at an Energy between 115-150 keV using a quad implant
at a 45 degree angle to form a pocket implant region to a depth between 40 and 100 nm.

19. The method of claim 17 wherein said amorphous pocket region is formed at a depth
range between 40 and 100 nm; said amorphous pocket region has a thickness between
10 and 20 nm; the substrate above the amorphous pocket region remains crystalline.

20. The method of claim 17 wherein the shallow amorphizing implant comprises:
implanting As, Si, or Ge species at a dose greater than SE13cm™ and at an energy

between 5 and 10 keV, and preferably at a 7 degree and a quad twist. -
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