; €3eqCn>>?<AFAC6BCTCSM"AL 2 3 LOW COST SOURCE DRAI N ELEVATI ON THROUGH PCLY
AMORPHI ZI NG 4 | MPLANT TECHNOLOGY 5 6 7 8 Background of Invention 9 1) Field
of the Invention 10 11 12 13 14 This invention relates generally to
fabrication of sem conductor devices and nore particularly to the
fabrication of elevated source and drain regions. 2) Description of the
Prior Art 15 An inportant objective in the constant advancenment of IC
(Integrated 16 Circuit) technology is the scaling-down of IC dinensions.
Such scal irng-down of I C 17 di nensions reduces area capacitance and is
critjical to obtaining higher speed performance 18 of integrated circuits.
Moreover, reducing the area of an IC die leads to higher yield in IC 19
fabr4 cation. Such advantages are a driving force to constantly scal e down
| C dinensions. 20 A major challenge is the formation of raised source and

draiyn reghahns. LG 4N I LURGLions with

ow EnedO M CATE SOURCERREHY W RriRe LB P13 aliBRRRANG

tec?{gi gues are known for formng raised source and 2 drain regions as

evi denced by the references.l NIEECHNQEOGYarent |y nore rel evant 3
techni cal devel opnents in the patent literature can be gl eaned by

“constdering US 4 6,531, 781b2 (Tseng) shows an el evated S/ D process using a

doped anor phous Si layer. 5 US 6;303,449B1(Pan et al.) teaches an el evated

S/ D ¢process using a 6 poly dep and chem cal - nechani cal polish (CwW). 7 US

- 5,583,064 (Lee et al.) shows another raised S/D process. 8 US 6, 406, 951

(Yu)7shows a raised S/D process using an epi layer. 9 Ranade et al., "A

novel elevated S.D PMOSFET Formed by Ge-B/Si 10 Interm xi ng", |EEE el ectron

devige letters, vol. 23, No. ril,2002. . 218-220. 11 US

6, 207, 540B1( Fur ukawa et al .) sﬁ%‘rogﬁdg e?%?éﬁmS/D process. 12 However,

t2her§ Ii) %igs%gtﬁé)fm%gﬁulmroved nmet hod for an elevated S/D 13 region. 14 15

10 This invention relates generally to fabrication of semiconductor devices
11 and more particularly to the fabrication of elevated source and drain regions.

12

13 2) Description of the Prior Art

14

15 An important objective in the constant advancement of IC (Integrated
16  Circuit) technology is the scaling-down of IC. dirnensioné. Such scaling-down of IC

17  dimensions reduces area capacitance and is critical to obtaining higher speed performance
18  of integrated circuits. Moreover, reducing the area of an IC die leads to higher yield in IC
19  fabrication. Sucﬁ advantages are a driving force to constantly scale down IC dhnensions.
20 : A major challenge is the formation of raised source and drain regions in
21  aMOS device. In order to make shallower junctions with low sheet resistance, source

1




1z 3 SUWARY OF THE INVENTION 4 5 It is an object of the present invention
to provide a nethod for 6 fabricating raised source and drain structures. 7
8 Enbodi nents of the present invention provides a nethod of 9 nmanufacturing
rai sed source and drain regions which is characterized as follows. la 11 W
forma gate structure over a substrate; the substrate conprised of 12
si.-licon. A polysilicon layer is forned over the gate structure and the
substrate to forma 13 polysilicon/Si interface between the polysilicon

| ayer and the substrate. Source/drain areas 14 are in the polysilicon |ayer

and the suhstrate adj.acent .to the.gate structure W per poly/ S
i ntlrf fgﬁ’fﬁ“ﬁﬁiligﬁe B Wﬁf’é}l”b&ﬁw oyE fléf qu%lé%%lg‘fsﬁé%‘épfgm i con/ Si
“interface in 16 the sourceldrain areas and to from an _ anor phous regions.
Theh t Beinipgions 8 avifenced ha sherglarencey. £he elpsgst @?@HPH@HQWO&EB%%V%Q on and
the polysilicon |ayer over the anorphous regions to | 8 form el evated

si |'3 cotecheigalafesclopefts imthelpateat E@ramwe@bqggmed@mm@emgt% el evated 19
silicon regions. Silicide regions are forned on the elevated silicon

r egd ong,532 78 The(ReboGhowsbn slepaky 88D pioetsrifsagen doped phiorptiaus 1 laypd. ant

i nproves tht 21 quality of the crystalline elevated silicon regions. 3

Thesabove and bel ow;gdvintagps(mad: AERIMERS A 8efficd SIY HOOHE Alsinea 2
enbodi ments only, and are not exhaustive and/or exclusive. They are

prege ”tp?)ﬂ: (Perﬁl a)ﬁdtcﬁemical-mechanicaJ polish (CMP).

7 US 5,583,064 (Lee et al.) shows another raised S/D process.
8 US 6,406,951(Yu) shows a raised S/D process using an epi layer.
9 Ranade et al., “A novel elevated S.D PMOSFET Formed by Ge-B/Si

10  Intermixing”, IEEE electron device letters, vol. 23, No. 4, April 2002. pp. 218-220.

11 US 6,207,540B1(Furukawa et al.) shows an elevated S/D process.

12 However, there is a need for an improved method for an elevated S/D
13 region. |

14

15




assi st in understanding the invention. It should be understood that they
are not 4 representative of all the inventions defined by the clains, to be
considered limtations on the invention as defined by the clains, or
limtations on equivalents to the clains. For instance, sone of these
advant ages may be mutually contradictory, in that they cannot be 7

simul taneously present in a single enbodinent. Simlarly, sonme advantages
are applicable 8 to one aspect of the invention, and inapplicable to
others. Furthernore, certain aspects of 9 the clainmed invention have not
beez di scussed herein. However, no inference should be 10 drawn regarding
those di scussed herein relative to those not discussed herein other than
for 11 purposes of space and reducing repetition. Thus, this summary of

f eafures and advantages 12 shoul d not be consi dered dispositive in
determ ni ng equi val ence. Additional features and 13 advantages of the
invéntion will becone appPiMMARY GRAHBINMENDIONscription, fromthe 14
~drawi ngs, and fromthe clains. 15 16 4 1 2 BRI EF DESCRI PTION OF THE

DRAW NGS 3 The features and advantages of a sem conductor device accordi ng
to the 4 present invention and further details of a process of fabricating
sucly a sem conduct ot; ; d i A : e 1 nvention wi | |
be ﬁore clearly undgrlg?g%bgﬁ)gn%ﬂgg%&@? o?/\nﬂ“r? %‘tgggﬁ%ti on {aken in
conj.ungtion.wth the accopgpanying.drawings in which |ike 7 reference
nun%raﬁ%&aggF%ﬁaﬁgj?Pﬁfﬁﬁggg? g@%?@?%onding el enments, regions and portions
and_8 in which: 9 Figure 1 is a cross sectional views for illustrating a
met Hod f or form ng 10 el evated source drain regions according to an exanple
enbodi ment of the present 11 invention. 12 Figures 1, 2A, 3A, 4A and 5A
are8cross secti onal Evibedendnss off tht petseritinvaptios peovidesiagdethed of or ni ng el evat ed
source drain regions according to an exanpl e enbodi nent 14 of the present

i nvént i minufichuing daissd serboahd@min ehions whiclaisRUE aptediead as fdlovsed to form 15
the poly layer. 16 Figures 3C-1 and 3C-2 show a feature where the poly/Si
‘intigrface 29 is 17 converted into anorphized Si with the anorphizing

i npl ant of an enbodi nent. Figure 3Cl18 1 shows an option where nost of the
poly | ayer 30B is ¢ ed i reqi o Fi gure
Bng shows an optioﬁﬁ%ﬁgé%ﬁ%%%méggﬁgﬁgégrggéyéﬁJéggggﬁggfgghgﬁﬁﬁﬁ% 20 the
poly/Si .interface.29. 21 5 1 Figures |, 2B, 3B, 4B and 5B are cross

Secth orsiicap: dveolysiicon faer s foreg oXenthaegdie dnicyie e osiais &0 BTk dur ce
drain regions according to an second exanpl e

- 13 polysilicon/Si interface between the polysilicon layer and the substrate. Source/drain areas

14 are in the polysilicon layer and the substrate adjacent to the gate structure. We perform a
15 poly/Si interface amorphization implant to amorphize at least the polysilicon/Si interface in

16  the source/drain areas and to from an amorphous regions. Then the substrate is annealed to

17  crystallize the émorphous region and the polysilicon layer over the amorphous regions fo

18 - form elevated silicon regions. We form elevated source/drain regions in the elevated

19 silicon regions. Silicide regions are formed on the elevated silicon regions.

20 ‘The embodiment’s poly/Si interface amorphization implant improves tht
21 quality of the crystalline elevated silicon regions. |

3



3 enbodi nent of the present invention. In the second exanpl e enbodi nent a
CVD process 4 is used to formthe poly layer. 5 6 Figure 6A and figure 7A
are cross sectional views for illustrating a 7 nethod for form ng el evated
source drain regions accordi ng an exanpl e enbodi nent of 8 the present
invention. 6 1 2 Detailed Description of the Preferred Enbodi nents 3 4
Exanpl e enbodi nents of the present invention will be described in 5 detai
with reference to the acconpanying draw ngs. Exanpl e enbodi nents of the
present 6 invention provides a nethod of form ng elevated S/'Dregions. 7 In

n spect of the | ent.i on, con er. is forped over a 8
gubst rate. NHThOS T AR P%BWyé’ﬁf' éé‘ég%f%}: Ofﬁepé?%?tﬁﬁeie t he
iSI [ con - | 9 substrate /Sl interface. An anneal  is used to
cr y5t aFmb2Riments AplbEpA SRt E %’ﬁtl‘éfh@l qfeexmsw Thaygrepresantedpy fhe rai sed
crystalline silicon regions. There are two enbodi nents for 11 the processes
t 0 3 or mssisien podeystandingthe [iayeation. IPsHonldbd wndststadtbali thesnareshibwn i n i gures
2A, 3A, 3C 1. 3C 2, 4A, and 13 5A a PVD process is used to formthe poly

| ay4¢r 3éplesdfifdtivé of ll grdanahtiondddingg by tHelclairayWn baconsidered$indBtiodon . 3C 2,
3B, 4B and 5B, a CVD process is used to formthe poly 15 |l ayer 30A 30B 30C.

16 &l Rﬁ% i iinas EV&QEMcﬂaZmE%M&h@nsS&ﬂ 1%1&%@&) th8 cﬁﬁﬁ@ ot N tO

‘figure 1, a gate structure 25 (e. or med

6  instance, some of these advantages may be mutually contradlctory, in that they cannot be
7 simultaneousl& present in a single embodiment. Similarly, some advantages are applicable
-87 to one aspect of the invention, and inapplicable to others. Furthermore, certain aspects of
9  the claimed invention have not been discussed herein. However, no inference should be
10 drawn regarding those discussed herein relative to those not discussed herein other than for
11T purposes of space and reducing repetition. Thus, this summary of features and advantages
12 should not be considered dispositive in determining equivalence. Additional features and
13 advantages of the invention will become apparent in the following description, from the
14 drawings, and from the claims.
15

16



19 the substrate preferably by the following. W forma gate dielectric

| ayer and gate 7 1 el ectrode | ayer (not shown) over substrate 10. The
gate el ectrode | ayer can be conprised 2 of poly. 3 The substrate 10 can be
a silicon wafer. The substrate can be any 4 sem conductor substrate used in
sem conduct or manufacturing, such as silicon on insulator 5 (SO)
substrates. 6 The substrate is preferably a crystalline silicon wafer with
a {001 } 7 crystal orientation. 8 9 As shown in figure 1, we pattern a gate
dielectric layer and a gate 10 el ectrode (e.g., poly) layer to formgate
diejectric 20 and gate electrode 24. 11 The gate dielectric layer can be
conprised of oxide and preferably has a 12 thickness between 15 and 120 A

13 The gate el ectrode_] CONPL.| of | ysilicon and 14
preferably had a thi ?N@E@ﬁé&@iﬁﬁ%‘d@ﬁiﬁiﬂ%‘ﬁ% nore preferably of
about 1600 A. 15 The gate 24 preferably has a wdth between 0.1 pmand 100
pmand 16 nore pref Eheafspiprésandadrantages ofindemopdnctar depfce eecartiog dathe
structure 25 is forned, a LDD region (not shown) can be 18 fornmed in the
sub4t r presenisnvntian andnflréirt detdils #a process off fabkicapitigesuth awemicendudbrel ectri c
spacers 26 on the sidewalls of 20 the gate dielectric 20 and gate 24. The

spaser fletian ibgchianaowiy tﬁd'(%éstenﬂﬁp@l&iddm B &R 1]y vhdersiodd floay e and
second, dry etching the TEOS oxi de: Because of the anisotropic etching, 2

theesi ¢ei@ling HR&EHoch BakbR i BSh R Wi hng! h WRG ARS) 12 are
adj acent to ghe&g%tlg structuréuﬁ}u%%ﬁﬁggg&g%%%ggﬁﬁgﬂé%r@g%gﬁformthe
pol ysil igcon | ayer . described next, a.,soljd ase. epit ax rocess and

b ol pnitsErges Mkl de5isnEE SubE os o RuRe pletePhe iR abd B irbns

Sol id phase epitaxy (SPE) is done 9 by first depositing by physical vapor
depésit‘?&%’éthD), chem cal vapor deposition (CvD) 10 or other nethods to
form an anorphous filmof nmaterial on the single crystal substrate. 11 The

sub8trate is then hBEimued! it 2 amrseettioppledsws fortibustrating b mathdadfer fororigghous
filminto a 12 single crystal film 13 14 There are two enbodi nents for the

pr d0es shsvated sbafcadtie rdp@dngsSadcbrinl thanl cdiidble dribcithbdiSf (epegent shown in
figures 1, 2A, 3A 4A and SA, a PVD process is 16 used to formthe poly

| ayer. ihftn@ogecond enbodi ment, shown in figures 1, 2B, 3B, 4B and 17 5B, a
chem cal vapor deposition (CVD) process is used to formthe poly |layer. 18

12 Figures 1,2A, 3A, 4A and 5A, are cross sectional views for illustrating
13 amethod for forming elevated source drain regions according to an example embodiment
14 of the present invention. In a first embodiment shown in a PVD process is used to form

15 the poly layer.

16 Figures 3C-1 and 3C-2 show a feature where the poly/Si interface 29 is
17  converted into amorphized Si with the amorphizing implant of an embodiment. Figure 3C-
18 1 shows an option where most of the poly layer 30B is converted to the Amorphous silicon
19  region 32. Figure 3C-2 shows an option where the amorphous region 32 centered around
20 the poly/Si interface 29.

21



19 Deposit Poly layer using PVD over gate and substrate. 20 9 1As shown
in figure 2A, we forma polysilicon or anorphous |ayer 30A 230B over the
substrate surface and gate. The poly layer is preferably deposed using a
PVD 3process. The PVD process is a directional deposition process and does
not deposit poly on 4the sidewal k of the gate structure. 5 6For PVD, there
are mainly two-nethods, one is evaporation, the other is 7sputter

- deposition. Sputter deposition is used often. Ar+ is used to bonbard the
silicon 8substrate. 9For PVD process, the polysilicon |ayer 30A 30B is

preferably undoped %HQH Lt Al : can be
dopftlad and then act g a gé%lgh%@%fp %i‘lg)cfﬁélréoéﬁ Sg{:éri]&%})‘ﬁl;gﬁg f@Leﬁ%sé&ra@ég%ed in

t he,subseguent i npl ant step. 12 Source/Drain.doping be performed in a

s ubeqaatrod 1 ferfing Plsdted SPurédmin Tsdioys | Suring ta Al sedrd KBS i ckness
bet ween 200A and_2000A. 15 LDD regions can be form by an inBIant process
pri dr teghodunens of themseient myentiosr Anthe seeondigrpmiesmpedimenta §VDPrassss phi ze
the Si/ poly interface 18 As shown in figure 3A, in a key step, an
anmofphily useddn fompthgpelyi lsydr9. performed to create anorphous Si regions 32 in

t hesource/drain 12 that consune the 10
5 , _
6 Figure 6A and figure 7A are cross sectional views for illustrating a

7  method for forming elevated source drain regions according an example embodiment of

8  the present invention.



.1 poly/Si interface 29. The anorphization inplant can al so create an
- anor phous region (not 2 shown) in the gate electrode 24. 3 Prior to the an
anor phi zation inplant, an optional "native oxide 4 anorphization” inplant
is perforned to break up the native oxide. 5 This inportant anorphizing
inplant allows for superior crystalline 6 elevated S/Dto formfromthe
anor phous region 32 and the poly layer 30B (See figure 7 3A). 8 The Si/Poly
interface anorphizing inplant anorphizes the interface 9 between
polysilicon and silicon substrate in the source drain areas 12. The inpl ant
.al sp 10 anorphi zes the poly 30A over the gate structure 25. 11 Anorphi zi ng
~Inplantation can use Si, Ge or As ions at a dose 12 preferably higher than

1E15 ions/ sg-cmin or, to fully i ze ipterface between 13
pol4silicon and si ﬂ?%ﬂ&%%”&'&ﬂ;ﬂfﬁﬁg}ﬂ&ﬁy\’]ﬁ‘elh‘{jﬁ%ﬁ preferably have the
doses: Si 14 dose 1E15 ions/ sg-cm Ce- IEl4 ions/ sg-cmor As -2E14 ions/
sg-Z¢m Inplantation 15 energy is related to the depth of polysilicon
deposition. 16 17 For exanple, for a 400 A polysilicon/Si interface depth
(e.4., poly 30B 18 EiximgdaesbpdinmntsAs tmprsbatinvegtionwillbe desnibbdie an ener gy
between 0.5 and |80 keV and 19 preferably of about 50 keV and a dose

bet 3eedeRiidiraReréictto RNt SEpARthdMERIGQ. Pkahpledbodahaits of Blpreens/ sq-cm

and about O degree tilt and about 0 degree twist. An N 21 type ion would

only DeJia6gh bvidds 'é'%c?&?ﬁt%ﬁnin 1e1eva1c%cgsﬂ?‘rlj: {é,ggr to save mask steps,

germanium or Silicon 1 nplantatiof can . For exanple, for a 400 A

pol ysilicon/Si inteyface dep (.e. g.., poly 30B thi ess)., -4 _an anor phi zi ng
ool ant wi th Ge conpritosnedSttheatidiinaarrdeticon o g el ol By
preferably about 2E15 ions/sg-cm and energy between 40 keV. and 4Q0 keV and
mor 8 6 SprEbwralhIAN amopAne BapiRa\Prasss Howed toonaeghige the nolysilgnapvut 0
degree twist, and a 7 tenperature of about roomtenperature. The inplant

pr ePer abbsrard (ol Sig snterfacer din Buinghldnneditn grysplliedhaamerphpus wgionpadabe be
optim zed by mnimzing channeling by 10 position the peak position of the
pr abi | exlokayéhe fomplihantee] spagil@s silibdn tedidanilhaectrStid dapodigeptsdoess and
poly/ Si Anor phi zation inplant step 13 The S/ D dopi ng process can be

penfior nRdpioRedsBEoRBI iRl pAYRIRIAI1ZAL] ON 14 inplant step. The inplant can be
a two ste]p)) inmplants or one step 1nmplant. For exanple, a 15 two step

amgkphi zation and S, D doping L.npl apt can iy A ] mgpl_ang xwi dose of
12‘1%515 i ons/sg-cm %ﬁ%ra?%8ﬁal%ﬁ?§b‘\?{“%%%{%%§)ﬁ’% %@% ?’ﬁ\’,\%ﬁ{}ose about
1E15 17_jo0 sg-cm .and energy_ about 90 keV, 18 A one step j.nplant, for
ex;]}ffm eh e%ﬁ/&w%sg%u%?d/&% ?%rﬁb@%’gﬂ’alﬁyeé J@Mﬁdn@rse%@em PEY- cm and at
an, ener gy about 80keV. 20

14 shown in figures 2B, 3C-1. 3C-2, 3B, 4B and 5B, a CVD process is used to form the poly

15  layer 30A 30B 30C.

16  FIRST EXAMPLE EMBODIMENT

17 Form gate structure 25

i8 Referring to figure 1, a gate structure 25 (e.g., 20 24 26) is formed on

19  the substrate preferably by the following. We form a gate dielectric layer and gate



12 1 The enbodi nent' s Anorphization Inplant inproves the single 2
crystalline elevated S/ID. A screen oxide fornms the surface of the silicon
so that the 3 substrate surface has a little oxide |ayer even at room
tenperature. |f another anorphous 4 |ayer is deposited thereover, the
screen oxide will depress the formation of solid phase 5 epitaxy: For the
enbodi nents, there is nothing between the anorphous Si and Substrate Si. 6
So the Solid phase epitaxy will be forned snmoothly. 7 Exanple thickness and
pl acement of the anorphized region 8 An inportant feature of the enbodi nment

is that,the ly/ Sl .interface 29 9 i nverted into anorphized.Si, wth the
'am)ﬁ ph ieﬁcﬂad‘? M&fﬂc{t S%évgn)fqvﬁmé’gﬁ?&-@' gﬁ%gagﬁel’fﬁtr e Tgyer §F gomgprised, hows an
option where nost of the poly layer 30B is 12 converted to the Anorphous

si | 2co®fPelyi on 32. 13 Figure 3C-2 shows an option where the anorphous
region 32 is 14 centered around the poly/Si interface 29. 15 The preferred
anoBphous regi on po¥het substrate J6rvds bo sillven aafiérc Ehdpsibsgate ®ah bbapcat ed. A deep
junction depth is needed to | ower sheet resistance. la. preferred
ano#phisgimi@niegoodubpedte 08ddan Serh&ohductorhafufictathg) setessilidoh@ndnmlabs zi ng

i npl ant converts a thickness 19 32S between 50 and 100 t1 of the Si
subst r gkplQnbeiew the poly/Si interface 29 into 20 anorphous Si. 13 1
Referring to figure 3C2, the anorphized Si region 32 has a depth 33 2

bel ow t he poly surfage gf  bet.wee A_and 0. cabl e

pol %si licon 30B 3 tﬁf‘%ﬁ%esg%t%rﬁs KU erél!lg}gﬁtcrﬁ%%ﬁ%s.lﬁ\?énn &éi%{' %Iﬁt?%l @Otrlgl ated to

t he poI%}s,ilic.on deIE‘)th. 4 Referring to figure 3C 1, the anorphized Si region
32 Has GYHMiEIERLECNS 32A preferably between 100 and 1000A . 6 The thi ckness
32S of the silicon substrate that is anorphized is 7 preferably between 50
-and 8950A. The thickness 32P of the poly layer 30B that is 8 anorphized is
preferably between 50 and 950A. 9 Referring to figure 3C- 2, the anorphized
Si %egion 32 has a dephbwi3n figuddl, ow patterno byte slitlécndelagér bed agere 0 A and
1900 A (the polysilicon 30B thickness mnus 11 about 100 A). 12 13 In a

pr efer r QeI ¢E S polv 18y dr | 1BForn® gdth QR X2 (. anll BRre;MMREBAE 2£d Si 14 region 32
has a thickness éBA preferably of 200 A . The thickness 325 of the silicon

Ip sy et thal ) @R ncPLsl 6 B by bk 22° o

12 thickness between 15 and 120 A.
13 The gate electrode is preferably comprised of polysilicon and
14  preferably had a thickness between 1000 and 4000 A and more preferably of about 1600 A.
15 The gate 24 preferably has a width between 0.1 pm and 100 pm and
16  more preferably between 0.13 and 20 pm.

17 After the gate structure 25 is formed, a LDD region (not shown) can be
IS formed in the substrate using an implant.

19 As shown in figure 1, we form dielectric spacers 26 on the sidewalls of

20  the gate dielectric 20 and gate 24. The spacers can be formed by first depositing a TEOS




17 18 Anneal 19 As shown in figure 4A, the substrate is anneal ed. The
anneal converts 20 anorphous Si 32 over the crystalline Si substrate 10 and
the polysilicon 30B to raised 14 1 crystalline silicon regions 31. The
raised crystalline Si regions 31 will be used formthe 2 rai sed source and
drain regions 31. The poly layer 30A can be also converted to crystalline 3
Si. The raised crystalline Si regions 31 preferably have a thickness

bet ween 200 and 500 4 AL 5 The anneal is preferably at a tenperature
between 500 and 1 100 C 6 and nore preferably about 650 C . The anneal IS

E(ra'? e;gx éggﬁﬁap %O%P%@' E’I'ng]ilgtgogr(ﬂ’/%‘faﬁ%cﬁ%se Ogglgeons %rprre er bI y have

a thickness between 9 100 A and 2000 A 10 Subsequent process 11 As shown
in 2i gtheesideymllapacas s farmedubsequent processing steps are 12 performed to
forma FET. 13 14 Below is a summary of typi cal process flow 15 spacer
fordation, 16 sourSeurce aiddraimrreast(at iegivpsiLi2 agsddjasedEpitbhgaty grogqiwe
deposition, 19 <contact etch, 20 contact fornmation 15 1 ~ followed by
tragitiogmalogback end process. 2 As shown in figure 5A, sidewall spacers 50
are formed on the gate 3 structure sidewal k. 4 Source /drain (S/ D) regions
6 ?re formed preferably by a S/D inplant 5 process. An optional PAl

nplant can be perforned before the S/D inplant to reduce

6 Two embodiments to form the polysilicon layer

7 As described next, a solid phase epitaxy process and amorphizing
8  implant process are used to form the raised S/D regions. Solid phase epitaxy (SPE) is done
9 by first depositing by physical vapor deposition(PVD), chemical vapor deposition (CVD)
10 or other methods to form an amorphous film of material on the single crystal substrate.
11 The substrate is theﬁ heated at ambient pressure to transform the amorphous film into a
12 single crystal film.
13
14 There are two embodiments for the processes to form the polysilicon
15  layer. In a first embodiment shown in figures 1, 24, 3A, 4A and 5A, a PVD process is
16  used to form the poly layer. In a second embodiment, shown in figures 1, 2B, 3B, 4B and

17 5B, a chemical vapor deposition (CVD) process is used to form the poly layer.

18

19 Deposit Poly layer using PVD over gate and substrate.

20



6 channeling if the enbodi ment's anorphization inplant is not sufficient. 7
- The S/D regions (el evated source/drain regions) 56 are forned in the 8
raised Si region 31 and the substrate 10. The S/D regions are preferably
formed using an 9 inplant process. 10 As shown in figure 6A, a salicide
process is used to formsilicide region 11 60 60G on the Si regions 31 and
to gate structure. 12 As shown in figure 7A, an inter netal dielectric
(IVMD) layer 64 is 13 fornmed over the substrate. 14 Next a contact etch is
performed to formopening for contacts. 15 As shown in figure 7A, contacts

68 are fornmed to contact tQ &_he S/D and 16 gate, 17 This _is followed by
traditional back en Sp*&‘ﬁ@@é’é.‘g‘?c@ @@%‘IEmsﬂl@mus lapa3 Bepos] T1 ON
OF POLY 19 The second enbodi nent conprise a chenical vapor deposition (CVD)
20 depoiiB py thy subsirgte surdace and gate. Phopels davise i preferablideposidieingdBVE f or t he
first enbodiment as 2 shown in figure 1. 3 deposit Poly |ayer using CVD
over3 gaprecandisubéDpatess i aAlirestianh depositiodprecedBanddoel abdebofiohylsioni con

| ayer 30 over the 5 substrate surface and gate. the poly layer is conprised
of 3 swekideRalls 6Bthe poke)ird@ireover the 6 top of the gate, (b) poly 30B over
the substrate; and (c) poly 30C on the sidewal k of the 7 gate. The CVD
depasition process is isotropic and therefore poly 30C fornms on the gate 8
structure sidewal k. The CVD deposition process preferably deposits |ess on

t he ,sidewal k 9 than.on ubstrat.e, and gate, 10 11 We deposit a .

pol y5ilicon | ayer 0\’:3?' P{Vﬂ):t ?@reﬁ?lﬁlé’%lﬂég%thﬁdssﬂ‘ﬁfs‘tsFé{‘tl@ratlorl)‘= ﬁ@roﬂ@m
process, the polysilicon |ayer 30 (30A 30B 30C) can be 13 doped or undoped.
The “pol SPuiteydgposifiany, Spulss dgpesifipn in apedaefiena Ard igngediig bewberdghe siticethe 14 S/ D
regions in the substrate. However, it is preferred that the Source/Drain
dopithg $bstgeperformed in a subsequent inplant step. 16 The poly |ayer
preferably has a thickness between 200 and 2000 A. 17 In CVD process we

need to be careful ok PVIDNBrosesd] e peBsiliats 1d/BEI0A 368 Pik @aTenaBl oped
tenperature to mnimze the deposition on the gate sidewall. "Magnetron 19

sput er geepagd ﬁﬂogébs%ﬂta%nd OV, d ’?bsw % Iéerﬁlar%e&o?,w rE'?d hih gct;a[%%;ﬂoﬁgl@pvapm

deposition 17 (CVD) process y perforne erature of
“di i G4 - 0 ; LT
IGPPHZ{AI 311%@19105’ 4 %?c%s[h?ﬂg r%gi?ﬂsﬁ%lst@er seub%tra'&‘fe. o&r/ever?it @pr%fe%ed%at%‘e Anor phi zi ng

0 anor phi ze

12 Source/Drain doping be performed in a subsequent implant step.

13
14 The poly layer preferably has a thickness between 200 A and 2000 A.
15 LDD regions can be form by an implant process prior to the

16  amorphizing implant.

17 Amorphizing I/l (Al} to amorphize the Si/ poly interface

18 As shown in figure 3A, in a key step, an amorphization implant is

19 performed to create amorphous Si regions 32 in the source/drain areas 12 that consume the

10



4 interface 5 6 As shown in figure 3B, in a key step, an Si/Poly interface
7 anorphi zation inplant is perfornmed to create anorphous Si regions 32 at
the Si/Poly 8 interface in the source/drain areas 12. 9 The Si/Poly

i nterface anorphizing inplant anorphizes the interface 10 between
polysilicon and silicon substrate in the source drain areas 12. The i npl ant
al so 11 anorphi zes the poly 30A.-over the gate structure 25. 12 The
anor phi zation inplant process is described above. 13 S/ D doping process can
be done in the polyl Si 14 Anorphization inplant step 15 The S/ D dopi ng

progess ..be done in the pol y/Si, Anorphization 16 . inplant step. For

ex aﬁrpl é’,o%agl 1&&9‘1‘5%?% g%iﬂ‘eta&l%hlﬁﬁémdﬂ@é%% §an; Hamercpte ap amasphays segien (gt for 17
the NMOS. 18 1 Anneal 2 As shown in figure 4B, the substrate is anneal ed.
The2anrsbarnkigribesats elkcapdr Phous Si 32 over the crystalline Si substrate 10
and the polysilicon 30B to crystalline 4 Si which forns the rai sed source

and3drai n regions 3Eﬁoﬁto'ﬁhearame@lhjziaﬁorpnﬁ%18ﬂt§tmMptﬁinaﬁ“h@tﬁ&&fx@ddﬂe bet ween
500 and | 100 C. 6 The anneal is preferably at a tinme between 10 min and

60 7 n.amlorgiigatiohHSReblHt B pRRIrRRE 13hroRE 65 Meablive BRie. @ thi ckness between 100
t1 8 and 2000 A. 9 Renove poly 30C on sidewall spacer 26 10 Referring to

figures 4B and SB t he: .he si l.] spacer 26 11 is. renoved
pre? erably using an&ﬁlggﬁkégﬁg%&%g%ﬁlg?g\}\%{qlea\é\?aékyv#ﬁgs@gflgr@gﬁta}zWSrt to the
S/IDf 12 ly. 30C is, not removed, 13 In preferred enbodi nent, if the
pol § 36 °V§%ge%/§3?§°%§?mﬁ8ﬁ?@%%% W&@no%%‘sa,ndéﬁ@mlya@rey 38R (Pereligte) s
greater_than about 200 A, the poly 30A 30Cis 15 renoved. If the poly 30A
30C’i s 3¥ss than 200.1, the poly 30A 30C will react in 16 silicidation step
to formsilicide. If the poly 30A 30C is thicker than the silicide 17
condunpti on of sili TheSi/Pbly ipetficeiiordRiCinpdagtarnt ambepleies iedintsFaagi t i onal
wet etch 18 polysilicon HNO3: H20: HF 50: 20: 1; or a traditional plasma etch
pol ¥si |betweenPolysDlioh Ane kBN bulsBBelS (MSRMUrce drain areas 12. The implant also

10 amorphizes the poly 30A over the gate structure 25.

11 Amorphizing Implantation can use Si, Ge or As jons at a dose

12 preferably higher than 1E15 ions/ sq-cm in order to fully amorphize the interface between

13 polysilicon and silicon. For example the following ions preferably have the doses: Si -

14 dose 1E1S ions/ sq-cm, Ge ~ 1E14 ions/ sq-cm or As -2E14 jons/ sq-cm. Implantation

15 energy is related to the depth of polysilicon deposition.

16

17 For example, for a 400 A polysilicon/Si interface depth (e.g.. poly 30B
18  thickness), an As amorphizing implant can have an energy between 0.5 aﬁd 180 keV and
19 preferably of about 50 keV and a dose between 2E14 and 6E16 ions/cc and more
20  preferably about 2E15 ions/sq-cm and about 0 degree tilt and about 0 degree twist. An N-
21 type ion would only be used for a I;IMOS device.

11



19 1 Subsequent process 2 The waf er undergoes subsequent process to

compl ete the 3 device described for the first enbodi nent and shown in
figures 6A and 7A. 4 Advantages of the invention 5 The enbodi nents

pr e- anor phous inplant - forns a snoboth interface 6 between the silicon and
~anor phous silicon which help to inprove the elevated silicon 7 growth. 8 9
Conventi.onal Pre-Anorphous Inplants (PAl) processes are after the 10 raise
- S/D are formed but before the LDD or S/D Inplants. Conventional PAl

i nplants 11 form an anorphous region to stop channeling effects fromthe
LDD or S/IDI/1ls. Therefore 12 Conventional PAl differ physically and in
funttion than the enbodi ments Poly/Si 13 interface Anorphizing 1/1. 14 15
16 Concl usion 17 The enbodi nents of the invention conprise the follow ng

ben2fits. 18 1. Thelnaomdenthause: hadk dassgdrtianibi ecdili¢dheintplanarin canbe! i ty.
. Most of the channel area is 19 protected by the gate so the surface

mob3 | i ta¥eddoRs eﬂ%glé,efbrr aae-A WR3ilichiBi grl%&fa%t«:%epﬂhqegs, ﬁbg; TP Midkngds)! con

growt h. 20 1, The el evati’on depth can be easily tuned by i nplantation

dosg. %n%m‘%&ﬁ\zﬂlﬁggﬂ .mitp@%%ﬁﬁ)ﬁlg%E)Oese%gﬁfﬁebn%ﬁﬂeaggé%{fiioréﬁg hi zati on

i npl ant st ep, I NCr ease ex1 bi devi uni-ng. It neans

t he.devi ce performan an he 4 tuned easier. 5 3. I ocess i s
“confon pfeﬁ a{’%‘?g?‘fﬁ'cﬁfr} |10§§9?q'%‘8ﬁn?8{5‘?{8¥ 9%@%@%&‘%0&%@% Yddperes; | i con
technol ogy from big dinension to small dinension. 10 11 12 It should be

r ecBgniPFdaraplyt ah%‘%ﬁoé‘i%ﬁ ndabouie demestilt ped abnait § degtier swist, andaconmon

techni ques used in the fabrication process of integrated circuit
conjonéemperature of about room temperature. The implant preferably minimizes lateral

8  channeling.

9 The amorphizing implant be optimized by minimizing channeling by
10 position the peak position of the profile for the implanted species.
11
12 Combined S/D doping process and poly/Si Amorphization implant step
13 The S/D doping process can be performed in the poly/Si amorphization
14 implant step. The implant can be a two step implants or one step implant. For example, a
15  two step amorphization and S/D doping implant can be a: (1) As implant with dose of
16  1El5 ions/sg-cm & energy of 90 keV; and (2) As implant with a dose about 1E15
17  ions/sg-cm, and energy about 90 keV.
18 | A one step implant, for example, can comprise a As species at a dose
19 of 2E15 ions/sq-cm and at an,energy about 80keV.

20

12



14 Those techni ques can be generally enployed in the fabrication of the
structure of the 15 present invention. Mreover, the individual steps of
such a process can be perfornmed 16 using conmercially avail able integrated

| ~circuit fabrication nmachines. As specifically 17 necessary to an

- under standi ng. of the present invention, exenplary technical data are set 18
forth based upon current technol ogy. Future developnentsin the art nmay
call for 19 appropriate adjustnents as woul d be obvious to one skilled in
the art. 20 Wiile the invention has been particularly shown and descri bed

wth 21 reference tq,the,preferred enpodi ts thereof, it.will be

under st ood by those%l Fﬂbg‘?ﬁmeﬁ{ E%morg}l%ﬁ%u ne]?“piﬂ’éfmi?%’r"%% SB’\rgéﬁ]ges inform
and details nmay be pmade without departing fromthe 2 spirit and scope of

t he 2i nventiglEpe Cleyated Silht Abarsan Pside dvars hapwbiss ofiwi silicoarspdhd tind sinilar 3
arrangenments and procedures, and the scope of the appended clains therefore
shodl d sybstratesutacd dds 2 Helebrxadedewdr civen anpomttempontuso [fsndtherencophpass al |
such nodi fications and simlar arrangenents and procedures. 9 22 What is
cl adnmedayesis depobiteehbedvérothefsoresh bgide N demdssshel FsrRlabibR bNsdlRIGiHaRs

conprising the steps o a) formng a gate structure over a substrate; said

subst r adpRaGP Rk tiagnifdiitdts GRste iéﬁaotﬁiﬁg BeRibed M&?ﬁ&&% an@¥abstRyeSi. sai d

gate structure and said substrate to forma polysilicon/ S intertface

bet \geergéﬁlgg;oﬁgénggel%gm Qvgtlgg gy §1?15§1h§)"0b5t rate; source/drain areas are

adj acent to sal ate structure’in Sal | ysilicon |ayer and said
substrate; c) performng a poly/Si interface anorphization inplant to

arophize At | east e Sle/ kR Sh A SHHESE ok Thd Bnciiest Sigiof o2
8 An important feature of the embodiment is that the poly/Si interface 29
9  isconverted into amorphized Si with the amorphizing implant. See figures 3C-1 and 3C-

10 2.

i1 Figure 3C-1 shows an option where most of the poly layer 30B is

12 converted to the Amorphous silicon region 32.

i3 Figure 3C-2 shows an option where the amorphous region 32 is

14 - centered around the poly/Si interface 29.

15 The preferred amorphous region position depends on the device being
16  fabricated. A deep junction depth is needed to lower sheet resistance.

1d. preferred amorphizing region parameters

18 In a preferred process, the amorphizing implant converts a thickness
19 328 between 50 and 100 A of the Si substrate 10 below the poly/Si interface 29 into

20 amorphous Si.

13



~d) annealing said substrate to crystallize said anorphous regions and said
- polysilicon | ayer over said anorphous region to formel evated silicon
regions; e) formng el evated source/drain regions in said elevated silicon
regions f) formng silicide regions on said elevated silicon regions. 2.
The nethod of .claim 1 wherein said polysilicon |ayer has a thickness

bet ween 200 and 2000 A. 23 3. The method of claim1l wherein said
polysilicon layer is formed using a physical vapor deposition process. 4.
The nethod of claim 1 wherein said polysilicon layer is forned using a
chegical vapor depog&%ion rocess. 5. The nmethod of claim1 wherein said
amorphous’ regi on hasetHrek Heldelrs éfoie dbe aerphizad bogion 3%kas agiespttndhel ow t he
pol ysilicon | ayer surface between 0 A. and 1900 A. 6. The nethod of claim1
wherei rPelevs thedio)y sirfacaoébetansen dhbrapti A0 o1{ prefptahhyt the pofysilises 3B i npl ant
species at a dose greater than 1E15 ions/sg-cm 7. The nmethod of claiml
whedei rthishiaks poinps iebowrd 8014y ein faast @ rélhied ki gepobeilieameh0 to 450 A, and
the poly/Si interface anorphizing inplant conprises inplanting Ge conprises

a ddse between 2E14 RaRgrifElPriyee3tsy tﬁéﬁ:ﬁ&gh%@fs?fe%ghﬁgﬁg%‘ﬁtthi% s

ions/sg-cm and energy between 40 keV and 400 keV a out a O degree

tilts an;tgggyééalﬁ%%%ggnﬁ@%é%agpg@gl e, and a tenperature about room

t enper at ure. he met ho alm1l wherein said polysilicon |ayer has a

t hi ckness between 3 t.a 450 t pol y/ Si. i nterface anorphi zi ng inplant
corrp%lr.(i ses inpl ant i ng RLIFkReSS QQS J@Bé’i‘%@?%gﬁteéﬁf@ #nerrbized i ons/ sg- cm and
at energy between 0.5 and 180 keV. 9. A nethod for form ng el evated
sour'ce/ IHF%F%IX Bewees S andh P304 e tthiskuase p2P of the)pohylapenidBa tpaie st ruct ur e
over a substrate; said substrate conprised of silicon; 24

8  amorphized is preferably between 50 and 950A.

9 Referring to figure 3C-2, the amorphized Si region 32 has a depth 33
10 below the poly surface of between 0 A and 1900 A -(the polysilicon 30B thickness minus
11 about100A).

12

13 In a preferred process, referring to figure 3C-1, the amorphized Si
14 region 32 has a thickness 32A preferably of 200 A . The thickness 328 of the silicon
15  substrate that is amorphized is preferably 100 A. The thickness 32P of the poly layer 30B

16  that is amorphized is preferably 100A.

17
18 Anneal
19 As shown in figure 4A, the substrate is annealed. The anneal converts

20  amorphous Si 32 over the crystalline Si substrate 10 and the polysilicon 30B to raised

- 14



b) formng a polysilicon |ayer over said gate structure and said substrate
to forma poly/Si interface between said polysilicon |ayer and said
substrate; source/drain areas are adjacent to said gate structure in said
polysilicon layer and said substrate; (1) said polysilicon |ayer has a
t hi ckness between 200 and 2000 A; c) performng a polysilicon/Si interface
anor phi zation inplant to anorphorize at |east the polysilicon /S interface
in the Source/Drain areas and to from an anorphous region; (1) said
anor phous regi on has thickness between 100 and 1000 A; and depth bel ow t he
surface of .said,polysili | ayer between and 1900 A (2), .the
pol ysi 1GEuFes e iegions 31tk Sf%fﬁé%ﬁ?p‘ga?&lom#mlﬁb%%ﬂ formpitent at a
dose greater than 1E15 ions/sqg-cm d) annealing said substrate to
cr y<t alRisgdsageepnddspipeions 2 bhe polt laysr 30H6hy be hlse opnveztpd to ayeallingi d
anor phous region to formelevated silicon regions; 25 e) inplanting ions
i nt 8 sa¥idThoumiscd cdrstilimeaSicagionn3 kpieteratle haved tiiknessetwegl 200sand 300 sai d
substrate to formraised source/drain regions in said elevated silicon
regidgonsAand sai d substrate; and

5 The anneal is preferably at a temperature between 500 and 1100 ° C
6  and more preferably about 650 °C . The anneal is preferably at a time between 10 min
7  and 60 min and most preferably between 200 and 500 A.

8  The raised crystalline regions 31 preferably have a thickness between

9 100A and 2000 A.

10 Subsequent process

11 As shown in figures 5A and 6A, in subsequent processing steps are
12 perforhled to form a FET.

13

14  Below is a summary of typical process flow

15 ¢ spacer formation,

16 ¢ source drain implantation,
17 e salicidation,

18 * IMD deposition,

19 * contact etch,

20 . e contact formation

15



f) forming silicide regions on said elevated silicon regions. 10. The
method of claim9 wherein said polysilicon |ayer has a thickness between
350 to 450 A the poly/Si interface anorphizing inplant conprises

i npl anting Ge conprises a dose between 2E14 and 6E16 ions/sg cm and
preferably about 2E15 ions/sg-cm and energy between 40 keV and 400 keV and
about O degree tilt and about O degree twist, and a tenp about room
tenperature. 11. The nethod of claim9 wherein said polysilicon |layer has a
t hi ckness between 350 to 450 A, and the poly/Si interface anorphizing

i mpl ant co i.ses .i.nmplantin igns at a dose between 2E16 and 6E16
iggsfsq-crﬁngh&l%&fedé’ﬁ{ 5}@9&?@?‘@8&@%?@- and 180 keV. 12. The nethod of
claim9 wherein said polysilicon |ayer is formed using a physical vapor
depoki tion process. ASshopmendgurrotA gideradl spacerah@aisifarmsed oh thelggtsi | i con

| ayer is fornmed using a chem cal vapor deposition process. 26 . A 2

. AC3. Astruch@e AldewAls.As. A; . A's. Al u. A" . ACui . ACu. AC(. A u. Al ;. AC '

S.Al. AJus. ACs. As. As. A Au. Ai Xs.A)VZ;[29 ? DFHJ Rc e

knu|aw mhe” Y] ca] ca] caldurad /aadie ed/Dtpidiadoad frbdba %}éﬁ?:hﬁlyadyga S/D implant

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calu
5 process. An optional PAI implant can be performed before the S/D implant to reduce
6 channeling if the embodiment’s amorphization implant is not sufficient.
7 The S/D regions (elevated source/drain regions) 56 are formed in the
8  raised Siregion 31 and the substrate 10. The S/D regions are preferably formed using an
9  implant process.
10 As shown in figure 64, a salicide process is used to form silicide region
11 60 60G on the Siregions 31 and to gate structure.
12 As shown in figure 7A, an inter metal dielectric (IMD) layer 64 is

13 formed over the substrate.

14 Next a contact etch is performed to form opening for contacts.

15 As shown in figure 7A, contacts 68 are formed fo contact to the S/D and
16  gate.

17 This is followed by traditional back end process.

18 SECOND EXAMPLE EMBODIMENT - CVD DEPOSITION OF POLY

19 The second embodiment comprise a chemical vapor deposition (CVD)

20 deposition of poly.

16



l_ia .
- hu+n6l } xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal | 92bUknDI
\ I ##t $zupkf a\ Wi d_Z] ca] ca] ca] ca] ca] ca] ca]ca] ca W] cal] ca
UV] caV] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca].cal] ca] ca] ca] ca] ca] ca
t $$PP&&( ((; :

RIWX(((S)T)x)z){))****+*p**  ~ytoje [Vnid _Z]ca]ca]ca]ca]ca]ca]ca]c
gﬁ:g]( (C:)é] ((:a] ca] ca] ca] ca] ca]ca] ca] ca]calca UWV]caU ca WV]ca] ca]ca]ca]ca]ca

aV] cal ca . . .

UVJ ? VJ , z]. 0( 111, 2~ 245 Brpsgsslegios as deserived abrys forfhg Brsharbodimant a3 caj ca] ca] ca
] cal] ca] caU] ca] cal] ca] cal] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
uv] éaj ?‘é’%}%gg@ﬂd%m - F<L<?! 2G@ @@ @@aaasBl CLC_CCCCCD
D+D- D>D@{ upj e_ZTni d_U] ca] caU] ca] caU] ca] cal] ca] ca] ca] ca
WV] ca] ca] ca] ca] ca] ca] ca] ca UV] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca W] ca
@PBSDUDc Df DhDz POBIfHReIMHayer-USIPGSEMIOGVEr gt el stnfig frimted UV ca

UV] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca a] ca] ca

Hﬂ@%ﬁ%ﬁ%ﬁkﬁ%&%‘%ﬁ%ﬁ%ﬁ%@&%@é%@\ﬁﬁy#*%S’E’fg]%irfﬁffﬁﬁ’ﬁ‘% al cal ca ca
ca caV] c ca

s sakeal sphaekidbaclashoshin Mesd eal el et sl sl pn M et

0, Naga mhg”Ynj ] cal] ] cal.ca] ca] cal ca] ca] ca] ca] ca] ca) calca]ca]ca]ca
T aPoa O pERrEaFolD conit APy et St ehice MFCis) Bhiy R erviteaydsatalls of the
gaaabSbnbbbc\ cccc3ddddde_eseef gf g3hhh-i{iiiij}xsnid_Zca]]]ca]ca]ca]ca]ca]ca
] caf/ca]g@l cHiecaY Padepagiten prren]cupeaic afd thevdpreapds PO) foahsad tajet] ca] ca] ca
]ca]caljcjnjjjkkXkkkk*I R Il mVm menmm&dnno3ppp0gDgqgqq} xsni d_Zca]]]ca] ca] ca
| caBca]stapiuad siddwalscihe 6VEn depdstidrombea) prfiaablyakpadisadss ahard sadwalsca) cal ca
] ca] ca] ca] ca] ca! Zf Gyl 0%g& (%) 1([)%%?' é)lol_/lgy?g& (;)#-CifO/ & 0)-!
1099&" (tharMis 4R %S thate SHAY4EE () - [aB[” W& () -- %& ()-!
p" 1%0/@;5&' (O)-1p"10%& ()-Ti 10%& ()-0 !'10%& ()-2ZbQ\ 109 () -
TSpHlO%&’ () - sp#10%&k ()- 10g 109

11 We deposit a polysilicon layer over the gate structure and substrate.
12 For CVD process, the polysilicon layer 30 ( 30A 30B 30C) can be
13 doped or undoped. The poly layer can be doped and then act as a doping source for the
14 S/D regions in the substrate. However, it is preferred that the Source/Drain doping be
15 performed in a subsequent implant step.

16 The poly layer preferably has a thickness between 200 and 2000 A.
17 A In CVD process we need to be careful with the source Gas and their
18 pressure and temperature to minimize the deposition on the gate sidewall. Magnetron

19 sputter deposition can be down in room temperature. The chemical vapor deposition

17



10g, 6WLO%g& ()- |' $10%& ()--9 ? dEDC CHL0%& ()-9 CHLIOY% ()-9 CHLIOY ()-9
CHL0%& ()-9 CH10%& ()-9C#10%& ()-9? AB CDF Hc e bCLO%& ()-

S109& () - 109& () - V10%& ()- 10 10 10<7109%& ()-e kndEbC 109& () -

109& () - 10%& ()- 10%& ()-\10%& ()-9f 10%& ()-nu5 \ |

dEbC| *$109%&' ()-| ' $10%& () - | Y8100& () - #s$10%&' ()-"i!s$10%& ()- ) p#L0%& () -
HIE: / 10 10<7s109& ()-|4109%& ()- | 2$109%& ()-| 0109%& () -

| v. m 109 ()-| 6, #10%& ()-a hxY:/

1 (CVD) process is preferably performed at a temperature of 600 +/- 100 C degrees. and

2 pressure 1 Atm. +/- 5 %.

3 ‘ Sior Ge Amorphizing VI (Al) to amorphize the Si/ poly
4 interface

5

6 As shown in ﬁgur.e 3B.ina kéy step, an Si/Poly interface

7 amorphization implant is performed to create amorphous Si regions 32 at the Si/Poly

8 interface in the source/drain areas 12.

9 The Si/Poly interface amorphizing implant amorphizes the interface
10 between polysilicon and silicon substrate in the source drain areas 12. The implant also

11 amorphizes the poly 30A over the gate structure 25.

12 The amorphization implant process is described above.

13 S/D doping process can be done in the poly/Si

14 Amorphization implant step

15 The S/D doping process can be done in the poly/Si Amorphization

16 . implant step. For example, we us Arsenic to do the process thane it can be used as N+ for

17 the NMOS.
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-10f\ 1109 ()-fOf 109 ()-| p#1l0%&' ()-f z10%& ()-|"109%& ()-|410% () - :
10u+dE:/ 10f C 10%& ()-C) $10%&' () - nC$10%&' ()-"109& ()-| #109%& () - #109%& ()-bC
10 Cs$10%& ()-F Cs$109& ()-FCs$10% & ()-F 10 10
10<710%&' ()-C) 109%& ()-N\ndE:/ 10 10 7s10%& ()- C) $10% & ()-0C) $109& () -
Cs$10%&' ()-F Cs$10%&' ()-F Cs$10%& () - F61 xY:/ 10#3"10%& ()-s10%& () -

10%& ()- #10%9& ()-yO0!10%g& ()-V$10%& ()- 101 bC 10| z10% & ()-| sSWO0% & () -
10g 10g 10g 7s10%& ()-10%& ()- Fp#10%& ()- 9wdEbC 10WB10%& () - &

@P10%N & ()-&@$10%& ()-& t$10% & ()-|"10% & ()-| t10% & ()-w2bUdEbC

10" ¥$10% & () - Cp#SEQ'ﬁe% ()-CO! p#10% & ()-Cs10% & () - CH1I0%N & () -

Ws10% & () - &UkDFGH 6\ 10\ 710% & ()-]2j!'10% & ()-h*$10% & () - @ $10%
& ()-*$109% ()- "10% & ()-Hc \!'IJE/ 10\ 10\! *(10%D& () - P+!

* (189 () - P+l *( 10%As&howyn pufigure 4804he)substate iv-anppaldd Rhgwreea] yorfverts
10NN\ DD MB###XVT, |

3  amorphous Si 32 over the crystalline Si substrate 10 and the polysilicon 30B to crystalline

4  Siwhich formé the raised source and drain regions 31.
5 The anneal is preferably at a temperature between 500 and 1100 ° C.

6  The anneal is preferably at a time between 10 min and 60 min.

7 The raised S/D regions 31 preferably have a thickness between 100 A
8 and 2000 A.
9 Remove poly 30C on sidewall spacer 26

10 Referring to figures 4B and 5B the poly 30C on the sidewall spacer 26

11 is removed preferably using an isotropic etch or wet etch. The gate can short to the S/D if
12 the poly 30C is not removed.

13 In a preferred embodiment, if the poly 30A 30C (poly over non-S/D

14 regions, e.g., poly on the gate) is greater than about 200 A, the poly 30A 30C is

15 removed. If the poly 30A 30C is less than 200A, the poly 30A 30C will react in

16  silicidation step to form silicide. If the poly 30A 30C is thicker than the silicide

17 consumption of silicon, the poly 30A 30C needs to be etched. Traditional wet etch

18  polysilicon HNO3:H20:HF 50:20:1; or a traditional plasma etch polysilicon CF4/02

19  etchant can be used.
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4  Advantages of the invention

5 The embodiments’ pre-amorphous implant forms a smooth interface

6  between the silicon and amorphous silicon which help to improve the elevated silicon

7 growth,

9 Conventional Pre-Amorphous Implants (PAI) processes are after the
16 raise S/D are formed but before the LDD or S/D Implants. Conventional PAI implants
11 form an amorphous region to stop channeling effects from the LDD or 8/D I/ls. Therefore

12 Conventional PAI differ physically and in function than the embodiments Poly/Si

13 interface Amorphizing I/I.

14

15

16 Conclusion

17 The embodiments of the invention comprise the following benefits.

18 1. The amorphous I/I does not affect the channel mobility. Most of the channel area is

19 protected by the gate so the surface mobility does not decrease.

20 2. The SPE step leads to smooth silicon growth.
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3 increase the flexibility of device tuning. It means the device performance can be

4 tuned easier.

Lh

5. All the process is common in the traditional silicon foundry. It is compatible to all

6 silicon technology from big dimension to small dimension.

10

11

12 It should be recognized that many publications describe the details of
13 common techniques used in the fabrication process of integrated circuit components.

14 Those techniques can be generally employed in the fabrication of the structure of the

15 present invention. Moreover, the individual steps of such a process can be performed
16  using commercially available integrated circuit fabrication machines. As specifically
17 necessary to an understanding of the present invention, exemplary technical data are set
18  forth based upon current technology. Future developments in the art may call for

19 appropriate adjustments as would be obvious to one skilled in the art.

20 o While the invention has been particularly shown and described with
21  reference to the preferred embodiments thereof, it will be understood by those skilled in
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3 arrangements and procedures, and the scope of the appended claims therefore should be

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

-5 arrangements and procedures.
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What is ¢laimed is;

1. A method for forming elevated source/drain regions comprising the steps of:

a) forming a gate structure over a substrate; said substrate comprised of
silicon;

b) forming a polysilicon layer over said gate structure and said substrate
to form a polysilicon/Si interface between said polysilicon layer and
said substrate;
source/drain areas are adjacent to said gate structure in said polysilicon
layer and said substrate;

¢) performing a poly/Si interface amorphization implant to amorphize at
least the polysilicon/Si interface in the source/drain areas and to form
amorphous regions;

d) annealing said substrate to crystallize said amorphous regions and said
polysilicon layer over said amorphous region to form elevated silicon
regions;

e) forming elevated source/drain regions in said elevated silicon regions

f)  forming silicide regions on said elevated silicon regions.

2.  The method of claim 1 wherein said polysilicon layef has a thickness between 200 and

2000 A.
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3. The method of claim 1 wherein said polysilicon layer is formed using a physical vapor
deposition process.
4. The method of claim 1 wherein said polysilicon layer is formed using a chemical vapor
deposition process.
5. The method of claim 1 wherein said amorphous region has thickness between 100 and
1000 A; and depth below the polysilicon layer surface between 0 A and 1900 A.

6. The method of claim 1 wherein the poly/Si interface amorphization implant comprises an

implant species at a dose greater than 1E15 ions/sg-cm.
7. The method of claim 1 wherein said polysilicon layer has a thickness between 350 to 450

A, and the poly/Si interface amorphizing implant comprises implanting Ge comprises a
dose between 2E14 and 6E16 iqns/sq cm and preferably about 2E15 ions/sg-cm and
energy between 40 keV and 400 keV and at about a 0 degree tilt and about a 0 degree
twist angle, and a temperature about room temperature. |

8. The method of claim 1 wherein said polysilicon layer has a thickness between 350 to 450
A, the poly/Si interface amorphizing implant comprises implanting As ions at a dose

between 2E16 and 6E16 ions/sq-cm and at an energy between 0.5 and 180 keV.

9. A method for forming elevated source/drain regions comprising the steps of:

a) forming a gate structure over a substrate; said substrate comprised of

silicon;
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b) forming a polysilicon layer over said gate structure and said substrate

to form  a poly/Si interface between said polysilicon layer and said

substrate;

source/drain areas are adjacent to said gate structure in said polysilicon

layer and said substrate;

(1) said polysilicon layer has a thickness between 200 and

2000 A;

¢) performing a polysilicon/Si interface amorphization implant to |

amorphorize at least the polysilicon /8i interface in the Source/Drain

areas and to from an amorphous region;

(1) said amorphous region has thickness between 100 and

1000 A; and depth below the surface of said

polysilicon layer between 0 and 1900 A;

(2) the polysilicon/Si interface amorphization implant

comprises an implant at a dose greater than 1E15

1ons/sq-cm;

d) annealing said substrate to crystallize said amorphous region and said

polysilicon layer over said amorphous region to form elevated silicon

regions;
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elevated silicon regions and said substrate; and

f) forming silicide regions on said elevated silicon regions.

10. The method of claim 9 wherein said polysilicon layer bas a thickness between 350 to 450 '
A, the poly/Si interface amorphizing implant comprises implanting Ge comprises a
dose between 2E14 and 6E16 ions/sq cm and preferably about 2E15 ions/sq-cm and
energy between 40 keV and 400 keV and about 0 degree tilt and about 0 degree twist,
and a temp about room temperature.

11. The method of claim 9 wherein said polysilicon layer has a thickness between 350 to 450
A, and the poly/Si interface amorphizing implant comprises implanting As ions at a
dose between 2E16 and 6E16 ions/sq-cm and at an energy between 0.5 and 180 keV.

12. The method of claim 9 wherein said polysilicon layer is formed using a physical vapor
deposition process.

13. The method of claim 9 wherein said polysilicon layer is formed using a chemical vapor

deposition process.
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