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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.




21 |l engths, the gate oxide thickness and the junction depths, and by

i ncreasing the channel 22 doping levels. 1 1 2 Short MOS transistors
generally suffer fromthe so-called short-channel 3 effect (SCE): the
source and drain regions will 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 threshold
voltage. This adverse effect can be expl ai ned by a mechani sm whi ch causes
7 the depletion regions around the source and the drain to occupy an
increasingly large 8 fraction of the channel region so that a | ower

potential on the gateg i ded to achl rsion |n t han el. 10
I n tthe conventi onal q%f’géé@%?@:’%ﬂs{%s SUEH: VlSBger it ]ﬁ%gf’ﬁ i thin
accgﬁtable Ilnlts by reduci ng the junction depths and |ncrea5|ng t he

charhel eisparcE): e sogtreant dsin EsonF A0 @PEIOATERCh GHIEF Y8 i 508 engidigver, no
| onger work for sub-0.18 mcron 13 devices, because in these devices t he
suppt esedoredoThiSOEs regdnieresffeooorhihg hwiickliog bﬁ@leltméswrﬂm tharsenbethehtinnel |
which gives rise to junction breakdown. 15 A proposed solution to this

prold emwischimieis Use cohtrglRdketih@patb aleotrdde, obiudtledddap b gndd3pbddéseasPhosphor us,
arsenic or antinony ions are used for pockets in 17 PMOS transistors,

whi | D@k MeQiold DSliAm T0980RES MR8 Ve RBEKREDY MUkl @hRish SLRES -

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

G 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 requires too high a doping level
14 inthe 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 used 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.




18 The pocket inplants serve to raise the channel doping level in the
imedi ate vicinity of the 19 S/Dregions. This leads to a net increase in
t he 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. 1 In standard MOS processing, and especially in
conventional 2 Conplenentary MOS processing, the pocket inplantation step,
which is also referred to as 3 the halo inplantation step, is conbi ned
with the S/D (extension) inplantation step. During 4 this conbined

i nplantation step, ggEhAddld MOSPrdbssle afid bieonyaf &nvefidhacovered with a 5
patterned resist layer in order to avold undesired inplantation of these

areas. Egﬁlpfepx%kﬁ?fﬁdé)svpm %gé%@%%h?& %ﬁ].?ﬂ'%goﬁgﬁ[éﬁ,rﬁ o 'fkrz.il&greff&{eﬁqz) lon of

N transfstors -an ce ve ese o inplants and S/'D inplants
are actjivated in a single. annealing,.ste fter renov .81 t he resist
et a B ste: 5 omag S S kS B flien b Butine o

di stribution of both the pocket dopants and the S/ D dopants. 10 Figure 8A
shovs athé epgrharaddmplastaiiopstangcqrinyt aseeef thasiicen wrlersda cRugred Withe accor di ng
to the prior art. 12 Figure 8B shows a cross sectional view of the wafer

af t &t pettermed rds3stilager andrdshowivoigl unkdesedrieglatgionvd dene grens. dlor mstiinos,

proj ected range region and End of 14 range (EOR) region. 15 The inportance
of qverpRRI@artsheory afl coused alnigd RIBhES) BONRIDShaYEstS and GicewedeTiade by t he

extensi ve technol ogi cal devel opnent directed to the subject, as
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 5/ dopants.
10 Figure 8A shows a diagram of ions being implanted into a silicon wafer
1 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 2003/0013260A 1(Gossmann et al.) shows a method of implanting
21  vacancy-generating ions into a preselected region of the body.
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17 docunented by the relevant patent and technical literature. The cl osest
and apparently 18 nore rel evant technical devel opnents in the patent
literature can be gl eaned by considering 19 the follow ng. 20 US

2003/ 0013260A1( Gossmann et al.) shows a nmethod of inplanting 21
vacancy-generating ions into a preselected region of the body. 3 1 US

2003/ 0096490 Al - Borland, et al. - shows a nethod for formng a 2 shall ow
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/ 0041432A1 Lee 0 ses, 7.,US 200 Noda)
sho a nmultiple I/1 gﬁgb?ﬁ@beé 2%%”“’ %taLlJS %'W§I§§é%g%)%%%é#gshom a
S/D formation with a sub 9 anorphizing I/1. 10 4 1 2 Summary of the
Invéntﬁ@ﬁﬂgwﬂwﬂ4@n§haS%P@QWhEF“éﬁﬁ@bts of the present invention to provide
a nmet hod for

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

6  processes.

7 US 2003/0049917 A1(Noda) shows a multiple I/ and anneal process.
8 US 6,475,885B1(Sultan) shows a /D formation with a sub-

9  amorphizing I/1.
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4 reducing defects in sem conductor devices. 5 It is an object of aspects
of the present invention to provide a nethod for 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
met hod for form ng an anorphous shallow inplant 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 crystalline section; 12 b)
perform ng a pocket anorphizing inplantation procedure to inplant ions of a
13 decond 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 formed at aSwinary®dtheInyeptiolt he substrate surface; 16
c) performng a shall ow anorphizing inplant to forman anprphous shallow 17
i npl3ant region; theIHMEnphﬁuEO%ﬁaﬁﬁ%mﬂgﬁpﬁaﬁﬁHﬁ@@ﬂ@%“ﬁ@?ﬁ@ﬂﬁ6¥%ﬁﬂiRES at a
second dept h above the anorphous pocket region; 19 d) perform ng a SDE
iW'@ntreﬂﬁciﬁ%ﬂéﬂk&@mWniajraiuﬁtoEﬁbﬁaeiOn regi ons of a second 20 conductivity
type using the gate structure as a mask; 21 e) performng a source/drain

i nplsant procedure t g §QpRbLEEEHr SPLNEES HE BlcBert $ReANSH to Frodidb h id@hddfori ng an
anneal procedure to recrystalize the anorphous shall ow i npl ant

6 reducing defects in a pocket implantation process ina semiconductor 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 form 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




2 region and the anorphous pocket regi on, whereby the anorphous 3 shal |l ow

i npl ant region reduces defects forned by the pocket 4 anorphizing inplant.
5 6 The above and bel ow advant ages and features are of representative 7
enbodi ments 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 clains or [imtations on equivalents to the clains. For 11

i nstance, eﬁénﬁlﬂgaea@@m%@&ﬁ%e tmc@@aﬁwtﬁahﬁmmag §ifbGliRfYanti N that

t hey cannot b 2 sinmultaneously present in a single enbodi nent.

Simlarly, sone advan o] he
|nvé%t|on and |napp &%&E%M%pgwggﬁ%?§§8§%$¥%é%%bwgg%b gﬁkngg%%cts of 14
the claimed inventio ve not been discus h . Fbmever no i nference
shout d be 15 drawn rgﬁg @ﬁ6§¥pﬁﬁ@ﬁﬁ§§@§: égav Bi5PPFkFt 0 t hose not

di scussed herein ot her than for 16 purposes of space and reduci ng
repetition. Thus, thpmombigieg mpantf eat ures and advantages 17 shoul d not be
consi dered disp05|t|ve in determ ning equival ence. Additional features and

18 aflvantages of the invention will becone apparent in the foll ow ng
description, fromthe 19 drawings, and fromthe clains. 6 1
6 The above and below advantages and features are of representative

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 one 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.




2 Brief Description of the Drawings 3 The features and advantages of a

sem conduct or device according to the 4 present invention and further
details of a process of fabricating such a sem conductor 5 device in
accordance with the present invention will be nore clearly understood from
the 6 follow ng description taken in conjunction with the acconpanyi ng
drawings in which like 7 reference nunerals designate simlar or
correspondi ng el ements, regions and portions and 8 in which: 9 Figures 1,
2, 3A and 3B are cross sectional views showing a process to 10 forma
shal;l 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 cl ose up cross
sectional views 13 show n a.shal | ow anor phous region

% & eoc?stsm;[ St ¢ Om] IS : .
that getters defects accoPdihQesdRion Qe MaY et of the invention. 15
Figure 5 shows an exanpl e di agram of an enbodi ment for . the aHneaI. 16
Figdre 6A is a TEM il hagatues andadvantagesaf asgmicondudRed Vit BRI IRES 17
inplant and the 2 step soak anneal according to a process known to the
i nvent gresentl@vEitpuraad 6B the dataillEN & pagessoff fabrigafieg suchatsemagpngrctpocket
(anmor phi zing) 19 inplant, the enbodi nent's shal |l ow anor phi zi ng i npl ant and
t he senhpgicBRnh&ordinsé eithshajrese?® irpRne@l willbe 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
&  in which:
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 showing a process 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.




1 Figure 7A shows a cross sectional view of substrate 10 after a pocket 2

i nplant that forns a anorphous pocket region 134 and pocket interstitials
138 in a pocket 3 FOR region 138A. 4 Figure 7B shows a cross sectional
view of the substrate 10 after a soak 5 anneal step. 6 Figure 7C shows a
cross sectional view of the substrate 10 after a spike 7 anneal step. 8

Fi gure 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 show ng three

efof
regjons: vacancy, i gl oA .0l 0kSoLeond S ANORLLEM p0:ARA ROl T ange

regi on. scription o referred Enbodi nents 3 4

A. A Problem aI evi at ed xanpl e i ment [
Ret &r  IRGIARDUNRL 57h e cEIOARCHG P S P e Gt A g PH R dof dl P Fitkdg 6 a
7C there is shown pocket inplant process over which enbodl ments of the
pr e8entEQR repienti&h are an inprovenent. It is to be understood in this
regard that no portion of

4 Figure 7B shows a cross sectional view of the substrate 10 after a soak

5 anneal step.
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 implanted into a silicon wafer
9  according to the prior art.

10 Figure 813 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 range region and end of range (EOR) region.




8 Figures 7A, 7B and 7C is admtted to be prior art as the present
invention. Rather, this 9 highly sinplified diagramis an effort to provide
an i nproved understandi ng of some of the 10 problens that are overcone by
sone of the exanple enbodiments of the invention. The 11 enbodi nents

al l eviated additional problens and the invention is not limted to by this
12 problem solution. 13 Figure 7A shows a cross sectional view of substrate
10 after a pocket 14 inplant that forms an anorphous pocket region 134 and
pocket interstitials 138 in a 15 pocket end of range (FOR) region 13 8A 16
Figqre 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 forned. 9 | Figure
7C shows a cross segt] by M1 . . r a spike 2 anneal
steg. The pocket se oelna 3?})%@\%‘84 gi?’? %&g?éfg&%gllgéﬁtﬁoops) 170 remain
and can 3 cause problens. 4 Exanple enbodi nent for a Pocket inplant 5 The
exafpl e enbodi nents of the present invention will be described in 6 detai
with reference to the acconpanying drawi ngs. An enbodi nent of the present 7
invention provides a nethod of form ng a pocket inplant region. The exanple
i1l ustrates a4 APRIdIENdsieviatedbby ancexampennbodivest oédhe davenrtjobe

fabri cated.

5 Referring now to the drawing and more particularly to Figures 7A, 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 tht? 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 afier 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.




9 A. Overview of process flow 10 The process shown in figures 1, 2, 3A, and
3B preferably has the 11 followng steps. 12 ~ STI formation 13 ~ gate
formation 14 ~ Large angle tilted angl e pocket Inplant 15 ~ Shal |l ow
anor phi zing inplant - key step 16 ~ ultra shallow SDE |nplant 17 ™ spacer
formation 18 ~ deep S/Dinplant 19 » 2 step anneal - Soak then spike 10 |
B. gate structure 16 20 24 on a sem conductor substrate 2 In an exanple
enbodi ment, 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 ref digg@enersblvy atcfosd sv@foak] Wew @ eheSubkirads | Maffersi dpikeon

waf er. The substrate can be a wafer and may include one or nore additional
layer's, anfiaBiG)) TRE pBald: 8doabart TN eRBA (£ BSrabidSh 1052 T0 r ik B Waf er . The
substrate can ‘be oPher 7 sem conductor substrates, 'such as a silicon on

msuSI atg%léééllgg#eﬁsubstrate. The substrate can 8 conprise other structure

f or med such as isolation regions 14, such as shall ow
4 Example embodiment for a Pocket implant
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 invention 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 [} STI formation

13 01 gate formation

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

17 £} spacer formation

18 O deep S/D implant

19 0O 2 step anneal — Soak then spike

10




9 trench isolation (STlI) regions. 10 The substrate is preferably a {001 }
silicon wafer doped with p-type 11 inpurities. 12 The substrate nmay
include P and N wells, such as p-well 12. 13 The gate structure can
conprise a gate dielectric 16 and a gate electrode 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 forma pocket inplant region 30 of a first inpurity type, an 18

anor phous pocket region 34 and pocket interstitials 38 under the anorphous

pocket regi B, gdfR sHucthe 10ORKeY ormplsepticoaguetorsishdtheteopposite inpurity
type doping as the subsequently 20 fornmed source/drain (S/D) regions. 11 1

The.anor phous pocket region.34 is,.preferably farnmed at_ a depth bet ween 40
(34A) and 100 (34B) I %@%F‘@%‘i‘@%ﬁ%@@‘%&?%&%’dhow? %‘&’l{}d%aa %"60 3 (34B)
run. The annrggous pocket region 34 preferably, has a thickness between 50

and3 4 ssmch Hndd Abee agrasteieadingd mathalist amdydi o0y pimdonHiE: substrate above

t he anorphous 5 pocket region 34 preferably remains crystalline. 6 The
pocket anor phi zi ng Thpkamt stbdatg)ceh erfabdepctppe & sefriongleauthaza 7 a dopant
species, such as Sb, Indium (p-type) or As Species at an energy between
11545  silicon wafer. The substrate can be a wafer and may include one or more additional layers,
6  such as epitaxial layers and the like, formed on the wafer. The substrate 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  trench 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 [2.

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 I 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 (S/D) regions.

11




8 150 keV and at a dose between 1 E13 and 7E14 cm -2 using a quad tw st
inplant at a about 9 45 degree tilt angle to forma pocket inplant to a
maxi nrum dept h 34B between 40 and 65 10 nm 11 The pocket anor phi zi ng

i npl ant process inplants species at a dose 12 above the anortization
threshold of the silicon substrate. The pocket anorphizing inplant 13
creates the pocket interstitials 38 that are the problemthat the
subsequent shal |l ow 14 anorphi zing i nplant and two step soak/spi ke anneal
solve. 15 D. shallow anorphizing inplant 16 Referring to figure 2 and

figyre 4B, we perform.a,ShaldeW.amPrdiZi g prekdrablyRbandd 4t deptim an

anorphous shallow i npl ant region 42 and shallow inplant interstitials 18
46. .19 The a shal i.npl ant, regqi i nd depth
20 AoV e bt phode poR ke BB e o R R TR A I RERE S, hous
shal low 12 1 inplant region 42 preferabl ins crystalline. Th
anprphoi34Bs HEIPAFEW FRPIPRAYS PAEFIREICD 34 ?r@f%/rabﬁzgaé ﬁé‘b‘ﬁ@‘y% 3?4&&6%? 0 aange pth

bel ow t he subsequently formed SDE regi on (See figure 3 2-#64) 4 The

shald owsGmer phd riong piefuhidn bepyresh d P abfl Y0 sonplhesubstratpphoagthnynpphous s - or

Ge species at a dose greater than 5E 13 cm 2 and nore preferably at a dose
bet weenpdrkbitgioasd prefdrablyl derivhs dystaliinat an energy between 5 and 10 keV,

and preferably at a 7

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 rmplant

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 46.

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




7 angle and a quad twist. Mnor adjustnents for the inplant energies maybe
need for the 8 different species. 9 The anorphous shallow i nplant region
42 is preferably formed at a 10 m ni num depth (42A) of about 8 run and a
maxi num depth (42B) of 20 nm below the 11 substrate surface. 12 The

anor phous shal | ow i npl ant region 42 has a thickness between 5 13 and 10
nm 14 In this technol ogy, the distance 45 between the bottom of the
shal l ow 15 i npl ant FOR regi on 46A and the top of the Pocket FOR regi on 38A
~is preferably between 16 60 and 80 nm The anorphous shallow region 42 is

not Cpﬂﬁtﬂ%ﬂt %DQHZ RE&eABRY ROHSs cridtallib) %tan{frﬁﬁﬁsrsﬁﬂ[&ﬁlmﬂiﬁﬁt ©gphh and
(0] e

w dt rph us region is adjusted (e.g., 18 inplant dose and
energy) I 5 - ary 19
crer2) 48 Bl EA0IR FHAROLORA0 T BN R BEL LRI rolpan P BTy

t hi ::#meg bet ween 200 and 300 A 13 1 E. SDE regions 64 2 Ref erri ng to
fig A perform a source-drain-extension (SDE) (or 3 LDD) inplant

using the gate structure as a mask to form SDE regl ons_ 64 of a second 4
condhictivity type, iHeshaowamerphizias supleedneigeabbt cappicsateplagingcdver ed by
the gate

5  Si, or Ge species at a dose greater than SE13 cm” 2 and more preferably at a dose between

6 S5E13cm? and 7E14 cmmand at an energy between 5 and 10 ke'V, and preferably ata 7°
7  angle and 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 technolo gy to improve the gettering of deep secondary
19 pocket defects.

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

21 between 200 and 300 A.

13




5 structure. The SDE regions preferably located in a top portion of the
pocket region; 6 Before the SDE inplant, an optional Pre-Anorphous | nplant
(PAl') can be perfornmed. 7 8 The SDE regions 64 are preferably forned to a
maxi mum depth of 9 between 20 and 40 nm The enbodi nent's shal |l ow anor phous
region 42 preferably 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 ow. There is preferably no separate anneal for the SDE regions. 13 F.
form ng spacers 60 14 Referring to figure 3, we form second spacers 60 on

t he si dewal | tae - ate structure 16 20 24. 16 G Deep SID regions 68
17 shown ?'nﬂ?lEg’% {aoéfegve performa source/drain (S/D) inplant 18
procedure to form Deep S/ D regions 68. Before the ng i)&gl ant aé} opt i onal
Pre2 19 anorphous i FEICAIEE PRI 8 AnWEePSHRIPGr ARC-4 e ensihEHE Pocedur e
2 Referring to figures 3A and 3B, and figures 4C, 4D and 4E, we perform 3
an annda)Dpmgdedmsmgphesde atrigtusasprmasdo §irmaSPE regionsdrkoist €poghd a second
spi ke step to 4 recrystalilze the anorphous shallow inplant region 42 and

t he 4anmuyoplgusis 1P @Pkein AregbOBI the semiconductor substrate not covered by the gate

5 structure. The SDE regions preferably located in a top portion of the pocket region;

6  Before the SDE implant, an optional Pre-Amorphous Implant (PAT) can be performed.

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 notenclose 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




5 34. This anneal reduces the shallow secondary FOR defects 70 adjacent the
shallow 6 inplant interstitials 46 and deep secondary FOR defects 80

adj acent the pocket interstitials 7 38. 8 Figure 5 shows an exanpl e

di agram of an enbodi ment for the anneal. 9 The anneal is preferably a
rapid thermal process (RTP) anneal. 10 The anneal procedure preferably
conprises (1) a soak step at a 11 tenperature between 600 and 800 C for a
time between 10 and 30 seconds and (2) a 12 spike step. In the spike step,
the tenperature ranps up to a peak tenperature between 1000 13 and 1100 C

and a ranp d ﬁleediﬁ@k tenperature to a tenperature below 800 C. 14
The 1r anp up Q‘n n&gfgr{?)}ovm ave a rate between 200 and 300 degree C per

m nute. 15 The enbodi nents' rapid_thernmal process P) eal differs from
a ®6 conventional ﬂhﬁ@ﬁé@t%ﬁﬁ@§ﬁ3Bé@ﬂégbaﬁ%ﬁﬁ§€%4éﬁﬁgéﬁiggyﬁ?d§ﬁ%§Pe

performed for nore than 17 30 mnutes. In contrast, a RTP involves heating
onl \3 t han snidahpmcedurt peefovablyr cdroprised wéh fipst sogk jtesand hspsordspledaply 19 The
two step anneal is rather inportant in this enbodi nent. The 20 intention of

t he gshajebutaRiphimbMBohFHaBbd, implnt fegidnold didené iogphbys porkenedpon a | ayer
of 21 shallow silicon interstitial saturated region, 46, via inplantation.

O 10 o108l 00 o Rl E-cmspbon by e sestas o < bel
' egi60 nsirx?pﬁar%qgteﬁs%ﬁalg Q% aﬂmq Eigépsé[écgzimaalrf EBlRuéetfgcrtss 80 Iicﬁ Qggnpﬁle pocket interstitials
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




3 dislocations. As the interstitial (38) concentration in Deep FOR region
38A is made nuch 4 higher, the formation of the deep secondary FOR defects
(dislocations) 80 is made easier. S These deep secondary FOR defects
(dislocations) 80 serves as sinks, for the pocket 6 interstitials 38 at
regi on 38A, suppressing the defect formation in the region 38A. 7 Upon
spi ke stage of the anneal, renoval of the dislocation loop in 8 region 38
is facilitated as najority of the dislocation are now displaced towards the
surface 9 of the silicon. 10 |I. pocket or Halo inplant 11 Figure 4A shows

a Crossys %@%%}ag,gpﬁngggﬁ%uér@%%@%&né—%ﬂeﬁﬁﬂ NBS4Sind 12) Whterthéy fe- al s 38

formed un adj acent to the anorphized pocket region 34. The 13
Si Interstitials 38 and.anprphi el ol g fr by the
pocKet B¥SHAFS §TH§?I%P%¥ﬂ@§%%§$n%%§ Uﬁhee @@h@ﬁgé%é@eg% | rrp| nt causes the

anor phi zed pocket region. a 15 the Si i.nterstitjals use th amagi ng
ef f 8ct Hslogghions. i @ﬁfr&?ﬁswﬁﬂqﬁkC%@Rté?mé‘rm&fﬂ%% e 4 1Scf%%seergucglever e
end of range damage (EOR) danmage such as the Si_Interstigtial 17 saturated
r egidon. higiger,Jthe Soraiationvof therdsip ssaendarsniQindefeets Hidiglgcations) s‘ﬁ)o‘\ﬁénaéle Er¢s
section view of a substrate 10 after the 20 enbodi nent's shal |l ow
amorsphi ‘Zhdlg despricanidapr BOBafe ¢ @idlaranvey) Sharpiseasinkhdbt dwpodetl inpl ant
region 42 and shallow inplant interstitials 46 in a shallow interstitial
sat i atigehrstitials 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 I. pocket or Halo implant

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

12 Interstitials 38 formed underncath and adjacent to the amorphized pocket region 34. The
13 Si Interstitials 38 and amorphized pocket region 34 are formed by the pocket ér 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




2 region 46A. The anorphous shallow i nplant region 42 being forned at a
second depth 3 above the the anorphous pocket region 34. The substrate
above the anorphous shallow 4 inplant region 42 preferably renains
crystalline. 5 K soak anneal step 6 Figure 4C shows a cross section view
of a substrate 10 that has 7 conpleted the first soak step of the

enbodi nent's anneal. As shown in figure 4C, the 8 anorphous shall ow

i npl ant region 42 and the anorphous pocket region 34 are 9 recrystalil zed.
10 As illustrated in figure 4C, deep secondary FOR defects 80 (represented

11 by ¢ &zﬁ‘lit'f‘ (5542 ah€ sRAITESL 1M1 3l RARAIS 46 R 6 akallohCiRtdlaftRe fatiagidon 80A and
shal | ow secondary FOR defects 70 are forned in the shall ow secondary FOR

def ect reqi 70A. 13 Th oG | [Wolg I aTal ok

di sl(aocaﬁ3 lgﬂg'gﬁa(z@?mﬂp%lgisﬁéﬂ%vﬂgﬁ@%}éﬁeéltggégg?eq%i%%%%%ea S Ct he eg}r?fﬁor phous
regions are being 15 anneal ed out, ( and 42) wher.e they, re- allize.

S il ¢ oG gy he SRORBERORS oR A o | e FRCYHE SR AT E LS

form ng dislocations. As the interstitial (38) concentration in 17 Deep FOR
r egidon iB@dearit seghord? prsbrably geraips enystallenat i on of the deep secondary FOR 18
defects (dislocations) 80 is nmade easier. During the soak step, these deep

secondary FOR 19 defects (dislocations) 80 serves as sinks, for the pocket

interstitialK, 3aktanmepiateB8A, 20 suppressing the defect formation in the
region 38A. 17

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 38A,

20 suppressing the defect formation in the region 38A.

17




| L. Theorized Mechani smfor defect renoval 2 The pocket interstitials 38
clusters form deep (pocket) Secondary FOR 3 defects 80. 4 The shal |l ow
inplant interstitials 46 formshall ow secondary FOR defect 5

(di sl ocations) 70. 6 Figure 4D shows the proposed nechani smthat the

enbodi ments reduce 7 deep secondary FOR defects 70. 8 As shown in figure
4D, a proposed nechanismis that during the soak 9 step of the anneal: 10
N The pocket interstitials 38 contribute to the formati on of deep secondary
11 dislocations 80 that nove up to the shallow inplant FOR region 46A. 12 7
The (deep (PoCkhdoBEsoMRInanER fpicRrbst Alingware up to the shall ow i nplant
13 i'nterstitrals region 46A and contribute to the shall ow FOR defects 70.
14 ~ The shall ow FOR defects 70 . move_ up to the substrate,surfac d are
rendved. 15 ~ The aééﬁoﬁﬁ%BR@F§€§%§%ﬁW§??f%@ﬁdag?@?f@ﬂb%agﬁﬁﬂyﬁgﬁghalIow
FOR defects 70 are 16 easily renoved as they are | ocated near substrate
sur flaceddisctc®hpared to the deeper 17 secondary FOR defects 80. 18 N The
shallow inplant interstitials 46 nove up to the surface and are renoved. 19
A The end result isThBahalldveinisien iseodtidardy fHORsddbscesoBRraRORpisdkebt
interstitials 20 38 are reduced.

(dislocations) 70.

LA

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 [ The pocket interstitials 38 contribute to the formation of deep secondary
11 dislocations 80 that move up to the shallow implant EOR region 46A.
12 0 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 [1 The shallow EOR defects 70 move up to the substrate surface and are removed.
15 [I 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 T The shallow implant interstitials 46 move up to the surface and are removed.
19 I The end result is that the deep secondary EOR defects 80 and pocket interstitials
20 38 are reduced.

18




18 1 M spi ke anneal step 2 As shown in figure 4E, during spi ke stage of
the anneal, additional 3 FOR defects 70 80 mgrate towards the substrate
surface and are renoved. Al so, the 4 anorphous regions are conpletely
re-crystallized. Al so, dopants are activated where the 5 dopant ions
beconme interstitial. 6 Exanples 7 Figures 6A and 6B are cross secti onal
TEM I mages of wafers. Figure 8 6Ais a TEMimge of a wafer that has a
pocket (anorphizing) inplant and the two step 9 soak anneal. The wafer in
figure 6A has not had the enbodi nent's shal |l ow anorphizing 10 inplant.

Figure 6A shays;Akdiaahedesfdd Y of dislocation |oops (e.g., deep pocket
secondary 11 F defects (like 80 in figure 4E)). 12 Figure 6B is a TEM

i mage of a wafer that has an pock anor phi zing) .13 inplant.. the

enbotli nent' s shal | oW aHOMBHRAIEHE HAE Sé’ﬂi? Sﬁ%’% of i nta‘gé‘tlﬁnat ep soak
14 anneal. Figure 6B shows a | ow density of dislocation IooPs {ké' g., deep
pockkt E6Rodrfenty7q 80 RiRatietbeerds tiid substrge sinfackiagd e wmoyed. 16158, B8npar i son of
figure 6A with figure 6B shows that the 17 enbodi ments' shal |l ow anor phi zi ng
i npl ant a@BEhhdusicgivnaareaimméighyirbicepmtlizedr Athoc elopahigareb8ti(aedywherddlep pocket
secondary FOR defects (like 80 in figure 4E)). 19

5  dopant ions become interstitial.

6 Examples

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

8  6A is a TEM 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., deep pocket 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




20 19 1 Gven the variety of enbodi ments of the present invention just 2
descri bed, the above description and illustrations show not be taken as
limting the scope 3 of the present invention defined by the clains. 4
VWil e the invention has been particularly shown and described with 5
reference to the preferred enbodi ments thereof, it will be understood by
those skilled in 6 the art that various changes in formand details my be
made without departing fromthe 7 spirit and scope of the invention. It is
intended to cover various nodifications and simlar 8 arrangenents and

progedures, and the scane. of.idh6r ARPGRAEHCE Al Predeliemobaion jadioul d be 9

h

accorded the broades |nterpre¥at|on so as to enconpass all such
modificationg and sinjlar .10 grrangenents ; £S5t 2Q,hat s
cl amedepd! e%zt P 2afy a°ffpéwnfa83ﬂ&5¥?3%§%nsa§’&8r p¥ﬂg8§ Ea%%@ﬁ%lg% fnr% ant 't egi on
that getters defects froma_  pocket, inplantation; conprising: a) providing
a gat e oftthapresinginvention daiied Pyike aiMpri sed with a first conductivity type
dopant; said substrate conprised of an upper crystalline section; b)
per fior ni ng a pocket Vénbrthhimiendon sl teen aetionlagy shavrprd desciibsd Wi | ons of a
first

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 should be

9  accorded the broadest interpretation so as to encompass all such modifications and similar

10  arrangements and procedures.

11

20




conductivity type to forma pocket inplant region adjacent to said gate
structure, and an anorphous pocket region; (1) said anorphous pocket region
is formed at a first depth below the substrate surface; c) performng a
shal | ow anor phi zing inmplant to form an anor phous shallow inplant region;
(1) said anorphous shallow inplant region being forned at a second depth
above sai d anorphous pocket region; d) perform ng an anneal procedure to
rccrystalize the anorphous shallow inplant region and said anorphous
pocket region, whereby said anorphous shallow inplant region reduces
defects fogapdily.l,bg;pocket anorphizing inplant. 21 2. The method of
claim 1 wherein the anneal procedure is conprised of a first soak step and
a second spike step. { 3. The nmethod of claim| wherein said anorphous
pocket region is fornmed at a depth between 40 and 100 nm said anor phous

pocket region has a Lgickness bet ween ﬁgvan 20 n nd. t he. Eg,trate
above the én%ﬁﬁﬁﬁﬁ%ﬁ% @Vﬁ?g?%ﬂpﬁﬁmﬁgﬁﬁé & §%éﬂ¥$%@%*§ﬁ”?ﬁ§% ?ﬁ@baof
claiml wherein the pocket anorphizing inplantation conprises
pocket implantation; comprising:
a) providing a gate structure, on a substrate comprised with a first conductivity type
dopant; said substrate comprised of an upper crystalline section;
b) performing a pocket amorphizing implantation procedure to implant 1ons of a first

conductivity type to form a pocket implant region adjacent to said gate

structure, and an amorphous pocket region;

(1) said amorphous pocket region is formed at a first depth below the

substrate surface;

¢} performing a shallow amorphizing implant to form an amorphous shallow

implant region;

(1) said amorphous shallow mmplant region being formed at a sccond

depth above said amorphous pocket region;

d) performing an anneal procedure to recrystalize the amorphous shallow implant
region and said amorphous pocket region, whereby said amorphous
shallow implant region reduces defects formed by the pocket

amorphizing implant.
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inplanting Sb or In species at an energy between 115 and 150 keV using a
quad inplant at a 45 degree angle to forma pocket inplant to a depth

bet ween 40 and 100 nm 5. The nethod of claim 1l wherein the shall ow
anor phi zing i nplant conprises: inplanting As, Si , or Ge species at a dose
bet ween 5E13cm 2 and 7El 4 cm 2 and at an energy between 5 and 10 keV, and
at a 7 degree and a quad twist; said first conductivity type is Ntype and
sai d second conductivity type is p-type. 6. The nethod of claiml| wherein
sai d anorphous shallow inplant region is formed at a m ni num depth of

bout 8 d i . th_.of, 20 bel ow th bstrate- sl ; id
Soout, ) S R 5B 2l LB NGBR3

met hod of claim | wherein the anneal procedure conprises: (1) a soak step
at a tenper8f areroBERIEENB00 and 800 C for a tine between 10 and 30
seconds and (2) a spike step where the tenperature ranps up to a peak

t enper at ur & Theigided of doon dndereingod angmbous noskss rains forgisd $hi dembak
tenperature to a tenperature bel ow 800 C; said ranp up and ranp down have
a rate bet whbetwe200Hardd 300 ndegraebar®pheuspiopit esgiortms 8 thipgkneet hrdeiednold f or mi ng
an anor phous shallow i npl ant region that getters defects froma pocket
i npl ant ati omnpdeoApPri sing: a) providing a gate structure, on a substrate
conprised with a first conductivity type dopant; said substrate conprised
of an upper .g4%8¢ altkirfte as8etthOfhorphous pocket region remains crystalline.
4.The method of claim 1 wherein the pocket amorphizing implantation comprises
implanting Sb or In species at an energy between 115 and 150 keV using a quad
implant at a 45 degree angle to form a pocket implant to a depth between 40 and 100
nm.
5.The method of claim | wherein the shallow amorphizing implant comprises: implanting
As, Si, or Ge species at a dose between SE13cm™ and 7E14 cm®and at an energy
between 5 and 10 keV, and at a 7 degree and a quad twist; said first conductivity type is
N-type and said second conductivity type 1s p-type.
6.The method of claim 1| wherein said amorphous shallow implant region is formed at a
minimum depth of about 8 nm and a maximum depth of 20 nm below the substrate
surface; said amorphous shallow implant region has a thickness between 5 and 10 nm.
7.The method of claim I wherein the anneal procedure comprises: (1) asoak step at a
temperature between 600 and 800 °C for a time between 10 and 30 seconds and (2) a
spike step where the temperature ramps up to a peak temperature between 1000 and

1100 °C and a ramp down from said 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.
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b) perform ng a pocket anorphizing inplantation procedure to inplant ions
of a first conductivity type to forma pocket inplant region adjacent to
said gate structure, and an anorphous pocket region; (1) said anorphous
pocket region is fornmed at a first depth below the substrate surface; c)
perform ng a shal |l ow anorphi zing inplant to form an anorphous shal | ow

i npl ant regi on; the shall ow anorphi zing inplant conprises: inplanting ions
of Si, As, or Ge species; (1) said anorphous shallow inplant regi on being
formed at a second depth above said anorphous pocket region; d) performng
a SDE inmplant to form SDE regi ons of a second conductivity type wusing said
gate structure as a mask; e) performng a source/drain inplant procedure to

rocrystal i e rRn G TGS ERaPPBRCI AT R PR, DACANEL STl el phRane

pocket region, whereby said anorphous 23 shallow inplant region reduces
def ect s forﬁ@ﬁ“%V“EH@aﬁ%bKéFuﬂ%ﬁﬁrph|2|ng inplant. 9. The nethod of claim8

wherein the anneaIkProcedure is conprised of a first soak step _and a
second spi ke @i pypviding a gate structure, on a substrate comprised with a first conductivity type

dopant; said substrate comprised of an upper crystalline section;
b) performing a pocket amorphizing implantation procedure to implant ions of a first
conductivity type to form a pocket implant region adjacent to said gate

structure, and an amorphous pocket region;

(1) said amorphous pocket region is formed at a first depth below the
substrate surface;
¢) performing a shallow amorphizing implant to form an amorphous shallow
implant region; the shallow amorphizing implant comprises:

implanting ions of Si, As, or Ge species;

(1) said amorphous shallow implant region being formed at a second
depth above said amorphous pocket region;
d) performing a SDE implant to form SDE regions of a second conductivity type
using said gate structure as a mask;
¢) performing a source/drain implant procedure to form deep source/drain regions;
f) performing an anneal procedure to recrystalize the amorphous shallow implant

region and said amorphous pocket region, whereby said amorphous
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10. The method of claim8 wherein said anorphous pocket region is forned at
a depth between 40 and 100 nm said anorphous pocket region has a

t hi ckness between 10 and 20 nm and the substrate above the anorphous
pocket region remains crystalline. 11. The nethod of claim8 wherein the
pocket anorphizing inplantation conprises inplanting Sb or In species at
an energy between 115 and 150 keV using a quad inplant at a 45 degree
angle to forma pocket inplant to a depth between 40 and 100 nm 12. The
met hod of claim8 wherein the shall ow anor phi zi ng i npl ant conpri ses:

implanting As, Si , or s}@‘ﬁ0@9%?)1a‘ﬁ§rc§kn§ccﬂﬁ§@d@&ﬁ%ﬁﬂu§@ #epockeand 7E14 cni z
and at an energy between 5 and V, and at a 7 degree and a quad tw st.

13. The method of cl ai |d anor phous shal l ow i nplant region is
formed at a mninum d%?‘ﬁmﬁ{gqh@u ?8 nm and a maX| mum depth of 20 nm bel ow

i cknoss. DTSRRI St T0 RTORAT THBRERKEH bi BT AN B ML SOR S8

anor phous shallow i npl.ant region has a thickness between 5 and 10 nm 24
15. The met hd8d 8FEEPEsRHSS iiherein the S/D i npl ant procedure conpri ses:

inplanting As ions at a dose of between 5E13 and 7E14 atons/s% can;
ener gy bet iedhe sietind of olaik Swherrdn saidraprabri oGSk el BEPWESAT B! A ddesd rm

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

and the substrate above the amorphous pocket region remains crystaliine.

11. The method of claim 8 wherein the pocket amorphizing implantation comprises
implanting Sb or In species at an energy between 115 and 150 keV using a quad
implant at a 45 degree angle to form a pocket implant to a depth between 40 and 100
nne.

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

implanting As, Si, or Ge species at a dose between 5E1 3em™? and 7E14 cm” and at an
energy between 5 and 10 keV, and at a 7 degree and a quad twist.

13. The method of claim 8 wherein said amorphous shallow implant region is formed at a
minimum depth of about 8 nm and a maximum depth of 20 nm below the substrate
surface; said amorphous shallow implant region has a thickness between 5 and 10 nm.

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

thickness between 5 and 10 nm.
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16. The method of claim8 wherein the anneal procedure conprises: (1) a
soak step at a tenperature between 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 from sai d peak
tenperature to a tenperature below 800 C, said ranp up and ranp down have
a rate between 200 and 300 degree C per mnute. 17. A nethod for a pocket

i npl ant conprising: a) providing a gate structure on a sem conduct or
substrate conprised with a first conductivity type dopant; b) performng a

pocket anorphi zi ng i npl.antation progedure to inplant ions of a first
Bonduct tvi 13 e BETPS T & BOERERS Fipiae PetTBe aphaen PuiLki T at o
structure, an anorphous pocket region and pocket interstitials under the
arror phous. pogket 3 AT GReER PR R’ HOSRAIFBWAARSTBRYSIHE T 8 Bnt o
form an anorphous shallow inplant region and shallow i npl ant
interstitialksV anfe raarynphnoiasth bsteten handp Bt regi on being formed at a
second depth above said anorphous pocket region; the substrate above the
anmor phous shéhk owtlicipifahim Sregron theemaeah procedst edrhprives: (5 o sbpk stap dt a
anor phous shallow i nplant region is fornmed at a m ni num

temperature between 600 and 800 °C for a time between 10 and 30 seconds and (2} a

spike step where the temperature ramps up to a peak temperature between 1000 and

1100 °C and a ramp down from said 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.

17. A method for a pocket implant comprising:

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

b) performing a pocket amorphizing implantation procedure to implant ions of a first
conductivity type to form a pocket tmplant region adjacent to said gate
structure, an amorphous pocket region and pocket interstitials under the
amorphous pocket region;

¢) performing a shallow amorphizing implant to form an amorphous shallow
implant region and shallow implant interstitials; the amorphous
shallow implant region being formed at a second depth above said
amorphous pocket region;

the substrate above the amorphous shallow implant

region remains crystalline;
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depth of about 8 nm and a maxi mum depth of 20 nmm bel ow the substrate
surface; said anorphous shallow inplant region has a thickness between 5
and 10 nm d) performng a SDE inplant to form SDE regi ons of a second
conductivity type, in an area of said sem conductor substrate not covered
by said gate structure, with said SDE regions |located in a top portion of
sai d pocket region; e) form ng spacers on the sidewalls of the gate
structure; performng a S/D inplant procedure to form Deep S/ D regions; Q)
perform ng an anneal procedure conprised of a first soak step and a second

spike step to recrystallize the anorphous, shallow i.npl ant region and said
anor phous pocket regii)ﬂ;‘sat a1 Vmgggﬁ%gHEWF%gﬁﬁﬁﬁrBﬁgﬁggﬁkﬁﬁgﬁgmﬂ}egion
reduces the defects fromthe pocket inplantat,ion,; e anneal procedure
conprises (1) a soak steﬂqék(5a?%ﬁﬁéW&@H%%maHEPﬁbﬁ%%%@EE%WHkﬁgﬁ“@?for a
time between 10 and 30 seconds and (2) a sggke step where the tenperature
ranps up to a peak terrpéiﬂﬁtrﬁf-ﬁé‘lllﬁ@@m@&‘ am@ploussial romrdrafgien Paind down
fromsaid 26 peak tenperature to a tenperature below 800 C, said ranp up
and ranp down have a r atleckpetsieenceB00indrifl N800 degree C per m nute.

d) performing a SDE implant to form SDE regions of a second conductivity type, in
an area of said semiconductor substrate not covered by said gate
structure, with said SDE regions located in a top portion of said pocket
region;

¢) forming spacers on the sidewalls of the gate structure;

f) performing a $/D implant procedure to form Deep S/D regions;

g) performing an anneal procedure comprised of a first soak step and a second spike
step to recrystalilze the amorphous shallow implant region and said
amorphous pocket region; whereby said shallow amorphous implant

region reduces the defects from the pocket implantation;

(1) the anncal procedure comprises (1) a soak step at a temperature
between 600 and 800 °C for a time between 10 and 30 seconds and
(2) a spike step where the temperature ramps up to a peak

temperature between 1000 and 1100 °C and a ramp down fromn said
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18. The method of claim 17 wherein the pocket anorphizing inplantation
conprises inplanting Sb or In species at an Energy between 115-150 keV
using a quad inplant at a 45 degree angle to form a pocket inplant region
to a depth between 40 and 100 run. 19. The nethod of claim 17 wherein said
anor phous pocket region is forned at a depth range between 40 and 100 nm
sai d anor phous pocket region has a thickness between 10 and 20 nm the
substrat e above t he anorphous pocket region remains crystalline. 20. The
met hod of claim 17 mherein t he shal | ow anorphi zi ng i npl ant conpri ses:

planting As, S|, or Cespegs at@kt@a‘?%ﬁﬁnﬁ{u%%teﬁ{w kgp SEI PTG g0 ot an

ener gy betmeen 5 and 10P ree and tw'st

net hod of claim | wh h i t
el 0 ogi on- 55 The: b R t%%v@%é?%#@”@lg{mﬁgr@ai PEHRIBISa | o‘;"v

anor phi zing i nplant conprises: inplanting As, Si, or Ge species; said
first conductivity type is p-type and said second conductivity type is
n-type. 23. The nethod of claim1 wherein said wherein the shall ow
anor phi zii sugrHemptent ofehnpr li7sesrein kolcakitiangrSizing onpl Geatpecimpsises24. The
met hod of claim 17 wherein said wherein the shall ow anorphi zi ng i npl ant
conpri segplhitRigalh bNdh Slecics @arOEnASy 5POCE@$15-250 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 1s 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 5E13em™ and at an energy between

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

21. The method of claim 1 wherein said amorphous shallow implant region is not a halo

region. A

22. The method of claim | wherein said wherein the shallow amorphizing implant comprises:

implanting As, Si, or Ge species; said first conductivity type is p-type and said second

conductivity type is n-type.

23. The method of claim 1 wherein said wherein the shallow amorphizing implant comprises:

implanting Si, or Ge species.

24. The method of claim 17 wherein said wherein the shallow amorphizing implant

comprises: implanting Si, Ge or As species.
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