1 2 3 LOWCOST SOURCE DRAI N ELEVATI ON THROUGH POLY AMORPHI ZI NG 4 | MPLANT
TECHNOLOGY 5 6 7 8 Background of Invention 9 1) Field of the Invention
10 This invention relates generally to fabrication of sem conductor devices
11 and nore particularly to the fabrication of el evated source and drain
regions. 12 13 2) Description of the Prior Art 14 15 An inportant
obj ective in the constant advancenent of IC (Integrated 16 Crcuit)
technol ogy is the scaling-down of IC dinensions. Such scaling-down of IC
17 dLnensions reduces area capacitance and is critical to obtaining higher
speed performance 18 of integrated circuits. Mreover, reducing the area
of an 1C die leads to higher yield in IC 19 fabrication. Such advantages
are a4 driving force to constantly scale down | C dinensions. 20 A ngjor
challenge is the formation of raised source and drain regions in
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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 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. dimensions. 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. Such advantages are a driving force to constantly scale down IC dimensions.
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
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21 a MOS device. In order to nake shallower junctions with | ow sheet

resi stance, source 1 | drain elevation is preferred. Many techni ques are
known for formng raised source and 2 drain regions as evidenced by the
references. The cl osest and apparently nore relevant 3 technical

devel opnments in the patent literature can be gl eaned by considering US 4
6, 531, 781 b2 (Tseng) shows an el evated S/ D process using a doped anorphous
Si layer. 5 US 6, 303,449B 1(Pan et al. ) teaches an elevated S/ D process
using a 6 poly dep and chem cal -mechani cal polish (Cw). 7 US 5, 583, 064
(Lee etirah elevahows pasaiherMuayj selhiGidd apr ouewstor SorunGA9e, s0BLE ¥y shows a
rai sed S/ D process using an epi layer. 9 Ranade et al., "A novel elevated
S. Dy PMBEE] J&{s%@vmn&% %ﬁa rofBndcAl THELIEAG ind hiFERlyenttorledani ce
letfers, Vol ril 2002. pp. 218-220. 11 US

6, 207, t. 12 However,
there ?C % %%%$%W%g§1pﬂ%p%$§gﬂﬁg?ﬁ% b%%%%%ﬁg?é%%@ggﬁg?% 13 region. 14

15 42 16,5321,781132 (Tseng) shows an elevated S/D process using a doped amorphous Si layer.

5 US 6,303,449B1(Pan et al. ) teaches an elevated S/D process using a

6  poly dep and chemical-mechanical 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 $/D process using an epi layer.
9 Ranade et al., “A novel elevated S.D PMOSFET Formed by Ge-B/Si

10 Intermixing”, IREE 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.
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3 SUMVARY 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. 1Q 11
We forma gate structure over a substrate; the substrate conprised of 12
silicon. 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

| aydr and the substrate adjacent to the gate structure. W performa 15
poly/Si interface anorphization inplant to anorphize at |east the
polysilicon/Si interface in 16 the source/drain areas and to from an

anor phous regions. Then the substrate is annealed to 17 crystallize the
anorphous region and the @UREARVCOR TAXGNWYRTIORS anorphous regions to

18 formelevated silicon regions. W form el evated source/drain regions in
the4elevated 19 silicon regions. Silicide regions are forned on the

el evated silicon regions. 20 The enbodinment's poly/Si interface

anor phi zation inplant inproves tht 21 quality of the crystalline elevated
si lidon regi Ons_rrp3 Itis alrlnc))bject of t&'le present invention 0prov1deamet¥o<§ for

6  fabricating raised source and drain structures.
7
8 Embodiments of the present invention provides a method of

9  manufacturing raised source and drain regions which is characierized as follows.

1d.

11 We form a gate structure over a substrate; the substrate comprised of

12 silicon. A polysilicon layer is formed over the gate structure and the substrate to form a
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 amorphous region and the polysilicon layer over the amorphous regions to
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.
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1 The above and bel ow advantages and features are of representative 2
enbodi nents only, and are not exhaustive and/or exclusive. They are
presented only to 3 assist 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 Iimtations on 5 the invention as defined
by the clains, or limtations on equivalents to the clainms. For 6 instance,
sone of these advantages nmay be nutually contradictory, in that they cannot
be 7 sinmultaneously present in a single enbodinent. Simlarly, some

advant ages are appl [bahwe 28d belovraslvastpgestand ffeatirgs fugwod rienressntasisiel

i napplicable to others. Furthernore, certain aspects of 9 the clained

i nvent ieaibohavetNetly kednrdhsanssatdvhefdbnexchsivey hey 4o prastreedonle tshoul d be
10 drawn regardi ng those discussed herein relative to those not discussed

her gi n ,04ih8h vhil@Rahd@ihg itblinPUERASRShANA BORERAPSH MEOAMEY AG dogpet i tion. Thus,
this summary of features and advantages 12 should not be consi dered

di i 0 d o . 2 ¢ . 3
acvin: agueSaitR gt PP eh Rl a5 oo SHBhE 0RO ot ERI Byl of
description, s, .and fromthe clai ns 4 1 2 BRIEF

( fromthe 14 géfmigg : }5 1
DESERI 18 ORERFOITSECRAUPRES chaimiOril Batalions OB RIS TR ATE SIS 4 o
sem conduct or device according to the ) ]
6  instance, some of these advantages may be mutually contradictory, in that they cannot be
7  simultaneously present in a single embodiment. Similarly, some advantages are applicable
8  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
11 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
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4 present invention and further details of a process of fabricating such a
sem conductor 5 device in accordance with the present invention wll be
nore clearly understood fromthe 6 follow ng description taken in
conjunction with the acconpanying drawings in which like 7 reference
nuneral s designate simlar or corresponding el enents, regions and portions
and 8 in which: 9 Figure 1 is a cross sectional views for illustrating a
nmet hod for formng 10 el evated source drain regions according to an
exanpl e enbodi nent of the present 1l invention. 12 Figures 1, 2A, 3A 4A
and15A are cross sectional views for illustrating 13 a method for forning
el evated source drain regions according to an exanpl e enbodi nent 14 of the
pregent invention. | BREKDESCRIPAIONOF EHEVIMRAWENGYD process is used to
form 15 the poly layer. 16 Figures 3C-1 and 3C-2 show a feature where the

pol ¢/ Si interface 29hb eankds SRNMRAREELSIITLQRAMILRNSEEEVRIe A6bdAinkhe the
anor phi zi ng i npl ant of an enbodi nent. Figure 3C- 18 1 shows an option where

1osh, O 5 0L N BTy e o o sy 10 1e0'o
R RITH BTE R AEE o W PN e S
6  following description taken in conjunction with the accompanying drawings in which like
7  reference numerals designate similar or corresponding elements, regions and portions and
8  in which:
9 Figure 1 is a cross sectional views for illustrating a method for forming
10 elevated source drain regions according to an example embodiment of the present
11 invention.
12 Figures I, 2A, 3A, 4A and 5A, are cross sectional views for illustrating
13 a method 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.
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2 method for form ng el evated source drain regions according to an second
exanpl e 3 enbodi nent of the present invention. In the second exanple

enbodi ment 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 nmethod for
form ng el evated source drain regions according an exanpl e enbodi nrent of 8
the present invention. 6 1 2 Detailed Description of the Preferred

Enbodi rents 3 4 Exanpl e enbodi nents of the present invention will be
described in 5 detail with reference to the acconpanying draw ngs. Exanple
enbddi nents of the Brasgesnt 2Be3BndRand o1 ap @9F%@§tl%ﬁ%teﬁ‘6cf°’b¥ﬂiuﬁ‘fﬁ%rﬁgﬁg
elevated S/ID regions. 7 In an aspect of the invention, a polysilicon (poly)
| ay@r imethed fredomnies ekvai8d ShurSubsin agons Ancandorgahiazisngpnidrephmplte process i s
used to anorphize the polysilicon - Si 9 substrate (poly/Si) interface. An

anngal dnshddfehilo® ged prsdeal Invagid an AMIphRYIS g0t anbadithehheCVIDppoty | ayer
to formthe raised crystalline silicon regions. There are two enbodi nents

for411i5ﬁ§ﬂ§%98§Eﬁ§ﬁ¥ﬂfk&9Vn]the polysilicon layer. 12 In a first

enbodi nén own In‘tigures 2A, 3A, 3C1. 3CG2, 4A, and
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

the present invention.
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13 5A a PVD process is used to formthe poly |ayer 30A 30B. Ina second
enbodi nent 14 shown in figures 2B, 3C1. 3C2, 3B, 4B and 513, a CVD

process is used to formthe poly 15 |layer 30A 30B 30C. 16 FI RST EXAMPLE
EMBODI MENT 17 Form gate structure 25 18 Referring to figure 1, a gate
structure 25 (e.g., 20 24 26) is formed on 19 the substrate preferably by
the followwng. We 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
anyl4 semiconductor substrate used in sem conductor nanufacturing, such as
silicon on insulator 5 (SO) substrates. 6 The substrate is preferably a
crystal line silicomaaflalr Deddriptan{dQhe Preférredybnbédiorenent ation. 8 9 As
shown in figure 1, we pattern a gate dielectric layer and a gate 10

el egtrode (e.g., poly) layer to formgate dielectric 20 and gate el ectrode
24. 11 The gate dielectric |l ayer can be conprised of oxide and preferably

has 2 12t hi cknes SEQS‘B&@ QhubaiAgs Jeafe '%Tesent invention will be described in

5 detail with reference to the accompanying drawings. Example embodiments of the present
6 invention provides a method of forming elevated S/D regions.
7 In an aspect of the invention, a polysilicon (poly) layer is formed over a
8  SiSubstrate. An amorphizing implant process is used to amorphize the polysilicon - Si
9  substrate (poly/Si) interface. An anneal is used to crystallize the amorphous region and the
10 poly layer to form the raised crystatline silicon regions. There are two embodiments for
11 the processes to form the polysilicon layer.
i2 In a first embodiment shown in figures 2A, 3A, 3C-1. 3C-2, 4A, and
13 5A aPVD process is used to form the poly layer 30A 30B. In a second embodiment
14  shownin 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

18 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




13 The gate electrode is preferably conprised of polysilicon and 14
preferably had a thickness between 1000 and 4000 A and nore preferably of
about 1600 A. 15 The gate 24 preferably has a width between 0.1 mand 100
mand 16 nore preferably between 0.13 and 20 m 17 After the gate
structure 25 is forned, a LDD region (not shown) can be 18 forned in the
substrate using an inplant. 19 As shown in figure 1, we formdielectric
spacers 26 on the sidewalls of 20 the gate dielectric 20 and gate 24. The
spacers can be formed by first depositing a TEOS 8 1 oxide |ayer and
secdnd, clettypdetlayrr fgottshewT EOST exdtistrete Bedhegete stectrpde lanersgnbespeipeschi ng, 2
the sidewall spacer is forned. 3 Source and drain areas (or regions) 12 are
adj acenif dogy.t he gate structure 4 20 24 26. 5 6 Two enbodi ments to form
the polysilicon layer 7 As described next, a solid phase epitaxy process

and samor phi zi ng 8 i ARk aMstBfORRSS RI&ilUA0vder. T8E Bishatr@h$ednp/ D regi ons.
Solid phase epitaxy (SPE) is done 9 by first depositing by physical vapor

d i tjon(PVD), i cal - b i n i
ot arr SRrEE SR e @RERARBERL nBRuhorlile. ol Ry IRl PENECET, '3

substrate is then heated at anbient pressure to transformthe anorphous
filmintSeIysubstrates.

6 The substrate is preferably a crystalline silicon wafer with a {001}-

7 crystal orientation.

9 As shown in figure 1, we pattern a gate dielectric layer and a gate
10 electrode (e.g., poly) layer to form gate dielectric 20 and gate electrode 24.
i1 The gate dielectric layer can be comprised of oxide and preferably has a
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
18 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




12 single crystal film 13 14 There are two enbodi nents for the processes
to formthe polysilicon 15 layer. In a first enbodi nent shown in figures
1, 2A, 3A, 4A and 5A, a PVD process is 16 used to formthe poly layer. In
a second enbodi nent, shown in figures 1, 2B, 3B, 4B and 17 5B, a chem cal
vapor deposition (CVD) process is used to formthe poly layer. 18 19
Deposit Poly | ayer using PVD over gate and substrate. 20 9 1 As shown in
figure 2A, we forma polysilicon or anorphous |ayer 30A 2 30B over the
substrate surface and gate. The poly layer is preferably deposed using a
PVDl 3 oRidedems and feoV[drperhigshe $EQSdixidrc tBayavde of doyiisateRpidiess and
does not deposit poly on 4 the sidewalls of the gate structure. 5 6 For

PVD, t ber a8 dmbdiy sdwedmet hods, one is evaporation, the other is 7
spt[J)%ter dsgposalqtglﬂén. Sputter deposition is used often. Ar+ is used to

borard the silicon & YO P AResBacehl® (ROLMS khicaR | ayer
3029308 i's preferab?%u%%g‘g%%%{n afeé%&ggfelg% tg)ne pro%gicse lim tgti on. The poly
| ayer can be doped and then act as a doping

4 2024 26.

5

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 then heated at ambient pressure {o 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 54, 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




11 diffusion source for the s/d regions in the substrate. However, it is
preferred that the 12 Source/Drain doping be perforned in a subsequent

i npl ant step. 13 14 The poly layer preferably has a thickness between 200
A and 2000 A. 15 LDD regions can be formby an inplant process prior to
the 16 anorphizing inplant. 17 Anorphizing 1/1 (Al) to anorphize the Si!
poly interface 18 As shown in figure 3A, in a key step, an anorphization
inplant is 19 perforned to create anorphous Si regions 32 in the
source/drain areas 12 that consune the 10 | poly/Si interface 29. The
anoriphi zat i on i npl ams dawnahdsguer 2atwee fommanmr phildces: aregioophoun ddyer 20Ahown) i n
the gate el ectrode 24. 3 Prior to the an anorphization inplant, an optional

"natj ve3ol bt thédsiniRRugald M gatmh@wyl@yew;lsr@fem}r aéaao@é&aéingm phire native
oxide. 5 This i rrportant anor phi zi ng i npl ant allows for superior crystalline

6 e'fvagx%@eé/ 32 A) b%ga;%%%%% e rd@g(% S&e%E'a%?d@éE‘i’on @T%oggkxgoqy er 30B

(See figure nt am)rp 1zing | nor phi zes
t he ﬁ‘g 11 ﬁ tvveengp u\éSl l i con and SI | i con substrate in the source
dr ai T@ i § nt 10 anor phi zes the poly 30A over the gate
struscture 25.

6 - For PVD, there are mainly two methods, one is evaporation, the other is
7  sputfer deposition. Sputter deposition is used often. Ar+ is used to bombard the silicon
8  substrate.
9 For PVD process, the polysilicon layer 30A 30B is preferably undoped
10 due to the process imitation.  The poly layer can be doped and then act as a doping
11 diffusion source for the s/d regions in the substrate. However, it is preferred that the

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,
i5 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




11 Anorphi zing I nplantation can use Si, Ge or As ions at a dose 12
preferably higher than 1 E15 ions/ sg-cmin order to fully anorphize the
interface between 13 polysilicon and silicon. For exanple the follow ng
ions preferably have the doses: Si - 14 dose 1E15 ions/ sg-cm Ce - 1lEl14
ions/ sg-cmor As -2E14 ions/ sg-cm Inplantation 15 energy is related to
the depth of polysilicon deposition. 16 17 For exanple, for a 400 A
polysilicon/Si interface depth (e.g., poly 30B 18 thickness), an As
anor phi zing i npl ant can have an energy between 0.5 and 180 keV and 19

pr efler ahlly/Soint@ e 09 Shhekanorphtatortiogga ebnelen ckinaimtbrplhf regos(ige and
nore 20 preferably about 2E15 ions/sqg-cmand about O degree tilt and about

0 dggreﬁmwyb & the PeNMiechddad ype ion would only be used for a NMOS device. ||

1 In order to save nmask steps, germaniumor silicon i rrpl antation can be
3u ed For exanpl e, l ke e (e.g., poly
3OB%t hi ckness) 4 grlog%}o@%%gm naﬁﬁ’ia% h @88{1‘(‘% &8{% %g{i%as ’P&%ose bet ween

2E14 and 6 ons/sq cm 5 bly about 2E15 |ons/sq cm and ener gy
bet Weerf2YP ?}‘%dm&lg@mlé%?ﬁ Qfﬂ’eﬁﬁ‘?greaguﬁﬁ%ef%aﬁ%{ﬁloﬁ%t about 50 keV and about
O degree tilt and about O degree twi st, and a 7 tenperature of about room
tenperature. The i nphirimporiaficmabbyizimerinmaneallovas for atperior etyataitei ng.

6 elevated S/D to form from the amorphous region 32 and the poly layer 30B (See figure

7 3A).

8 The Si/Poly interface amorphizing implant amorphizes the interface

9  between polysilicon and silicon substrate in the source 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 ions at a dose
12 preferably higher than 1E1S ions/ sg-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 1E15 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 and 180 keV and
19 preferably of about 50 keV and a dose between 2E14 and 6E16 ions/ce and more
20 preferably about 2E15 ions/sg-cm and about 0 degree tilt and about 0 degree twist. An N-
21 type ion would only be used for a NMOS device.

L1




9 The anorphi zing i nmpl ant be optim zed by m nim zing channeling by 10
position the peak position of the profile for the inplanted species. 11 12
Conbi ned S/ D dopi ng process and pol y/Si Anorphi zation inplant step 13 The
S/ D dopi ng process can be perfornmed in the poly/Si anorphization 14

i npl ant step. The inplant can be a two step inplants or one step inplant.
For exanple, a 15 two step anorphization and S/ D doping inplant can be a:
(1) As inplant with dose of 16 1E15 ions/sg-cm & energy of 90 keV; and (2)
As inplant with a dose about 1E15 17 ions/sqg-cm and energy about 90 keV.
18 A one step inplant, for exanple, can conprise a As species at a dose 19
of 2E15 ions/sqg-cmand at an, energy about 80keV. 20 12 | The enbodi nent's

Amopphi zati on | 1Dl afy o | IPLANES e ShNL Sranfu§ LY SRl 18 BhEYALEGES D A

screen oxide fornms the surface o con so strate
Sur acs o0y Lol 195 0 | S1ET R S FOTL SRS Sl o WppRebler
the formation of solid phase 5 epitaxy. For the enbodi nents, there is
not Hi ngnisararplping hepkarb ik Siscomprishsia dptsdeiwecs BF14 agd 851¢ Henwsl 478 phase
epitaxy will be fornmed snoothly. 7 Exanple thickness and placenent of the
anobphiandgrefegbhmbout 2E15 lons/sg-cm and energy between 40 keV and 400 keV and more
6  preferably at about 50 keV and about 0 degree tilt and about 0 degree twist, and a
7 temperature 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  1E15 ions/sq-cm & energy of 90 keV; and (2) As implant with a dose about 1E15
17  ioms/sq-cm, and energy about 90 keV.
18 A one step implant, for example, can comprise a As species at a dose

19 of 2El5 ions/sq-cm and at an,energy about 80keV.

20

12




8 An inportant feature of the enmbodinent is that the poly/Si interface 29
9 is converted into anorphized Si with the anorphizing inplant. See figures
3C-1 and 3C 10 2. 11 Figure 3C | shows an option where nost of the poly

| ayer 30B is 12 converted to the Anorphous silicon region 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 anorphous regi on position
depends on the device being 16 fabricated. A deep junction depth is needed
to | ower sheet resistance. 11. preferred anorphizing region paraneters 18
In d preferred procdds entbadinagndispgieiphigaiierplnaplantcmpveies Shesingdé ckness 19
32S between 50 and 100 A of the Si substrate 10 below the poly/Si interface
29 int ocry@blliaselcphed $/13 A szl oRbfedbrmniie sorfidegitie: Sldd, sotthet theror phi zed Si
region 32 has a depth 33 2 below the poly surface of between 0 A and 1900

A ( Pprefipsadb Yulkte ok Yisdd 6:6801a368:3n hhicokN@ iSRS aRQHE: Whus. | n fact
it isrelated to the polysilicon depth. 4 Referring to figure 3C1, the

anorphi S j ' e ehan! 100 and
1000t A P8 iFHe R E bty St R RS N BRI VERE Y26 o
5  epitaxy. For the embodiments, there is nothing between the amorphous Si and Substrate Si.

6 So the Solid phase epitaxy will be formed smoothly.

7 Example thickness and placement of the amorphized region

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.
13 Figure 3C-2 shows an option where the amorphous region 32 is
14  centered around the poly/Si interface 29.
I5 The preferred amorphous region position depends on the device being
16  fabricated. A deep junction depth is needed to lower sheet resistance.
174. 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




7 preferably between 50 and 950A. The thickness 32P of the poly | ayer 30B
that is 8 anorphized is preferably between 50 and 950A. 9 Referring to
figure 3C-2, the anorphized Si region 32 has a depth 33 10 bel ow the poly
surface of between 0 A and 1900 A (the polysilicon 30B thickness mnus 11
about 100 A ). 12 13 In a preferred process, referring to figure 3C 1, the
anorphized Si 14 region 32 has a thickness 32A preferably of 200 A The

t hi ckness 32S of the silicon 15 substrate that is anorphized is preferably
100 A. The thickness 32P of the poly layer 30B 16 that is anorphized is
preflerably 100A. 17 Rf@ridgnedkut3 A3, thhamnrihivelliSyuegod 22 hadwedguib3irate is
anneal ed. The anneal converts 20 anorphous Si 32 over the crystalline Si

subsz r abdod:Gh@psly khgadealfeivdea oM AING 1900 R SKeferably tlle(ifol’}%H@ohB@B silicon
regions 31. The raised crystalline Si regions 31 will 'be used formthe 2

rai spd §QULER ﬁﬁ&%s%@hﬂ (fOezg b g??fa%%ﬂ is Ijaﬁ‘tta%é}h)fhé y@#g{ lllgonAéie gn be al so

converted to crystalline e ralse I ne | reglons 31
preterably have e ILekBEES RELCET 200-8RER T o TS SR
5 32A preferably between 100 and 1000 A .
6 The thickness 328 of the silicon substrate that is amorphized is
7 preferably between 50 and 950A. The thickness 32P of the poly layer 30B that is
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
1T about 100 A).

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 anncal converts

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

14




6 and nore preferably about 650 C . The anneal is preferably at a tine
between 10 mn 7 and 60 mn and nost preferably between 200 and 500 A 8
The raised crystalline regions 31 preferably have a thickness between 9
100 A and 2000 A. 10 Subsequent process 11 As shown in figures 5A and 6A,

i n subsequent processing steps are 12 perfornmed to forma FET. 13 14
Below is a summary of typical process flow 15 spacer formation, 16
source drain inplantation, 17 salicidation, 18 |NMD deposition, 19
contact etch, 20 contact formation 15 1 followed by traditional back end
pr odes scry@alfige sitiowm ragiorfsi3duilRe bAsedsbdesbind Sispgicar 31 8@l as esdddbmecheon t he
gate 3 structure sidewalls. 4 Source /drain (S/D) regions 56 are forned

pr efer alalstd Bure AP dafPde@idhs 31. The poly layer 30A can be also converted to crystalline

3 Si The raised crystalline Si regions 31 preferably have a thickness between 200 and 500

4 A

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

9 100 A and 2000 A.

10 Subsequent process

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

13

14 Below is a summary of typical process flow

15 ¢ spacer formation,

16 + source drain implantation,
17 ¢ salicidation,

18 e IMD deposition,

19 ¢ contact etch,

20 e contact formation

15




5 process. An optional PAI inplant can be perfornmed before the S/ D inplant
to reduce 6 channeling if the enbodi nent's anorphization inplant is not
sufficient. 7 The S/D regions (el evated source/drain regions) 56 are forned
inthe 8 raised Si region 31 and the substrate 10. The S/ D regions are
preferably forned using an 9 inplant process. 10 As shown in figure 6A, a
salicide process is used to formsilicide region 11 60 60G on the S
regions 31 and to gate structure. 12 As shown in figure 7A, an inter netal
dielectric (IMD) layer 64 is 13 fornmed over the substrate. 14 Next a

cont Act etehfolbwedrdfyoraetrbbichrend pperesang for contacts. 15 As shown in
figure 7A, contacts 68 are fornmed to contact to the S/D and 16 gate. 17
Thispis followed by Ag gighvir @rfelurd8sKsi@ehPSacas SO adFoBEEONDHRGANPL E

EMBODI MENT - CVD DEPCSI TION OF POLY 19 The second enbodi nent conprise a

chem caly %ﬁgr- gRasi tion (CVD) 20 deposition of poly. 16 1 The process
begin%]s zlfisre{ esg%(%be ‘above for the first enbodinment as 2 shown in figure 1.

3 deE osit Poly | ayerchju%en%ra%/ %/?)\5 Er'\ﬁr:gigr%t% A0 %lonsn%gsp%fg}agly by a S/D implant

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 6A, a salicide process is used to form silicide region
11 60 60G on the Si regions 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 to 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.
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4 As shown in figure 2B, we forma polysilicon |ayer 30 over the 5
substrate surface and gate. the poly layer is conprised of 3 sections: (a)
poly 30A over the 6 top of the gate, (b) poly 30B over the substrate; and
(c) poly 30C on the sidewalls of the 7 gate. The CVD deposition process is
isotropic and therefore poly 30C forns on the gate 8 structure sidewalls.
The CVD deposition process preferably deposits |ess on the sidewalls 9
than on the substrate and gate. 10 11 W deposit a polysilicon |ayer over
the gate structure and substrate. 12 For CVD process, the polysilicon

| aydr 30 (30A 30B 308} prarsdmgitdsdopeidbed nbavedopthd firFleanbpdigeritayer can be
doped and then act as a doping source for the 14 S/Dregions in the

subst r athewnhleiguerl. it is preferred that the Source/Drain doping be 15
perfornmed in a subsequent inplant step. 16 The poly layer preferably has a
t hi ckness between 200 and 2000 A. 17 In CVD process we need to be careful
wi th the source Gasdyi,q,~ } inimze the
depgsi tion on the gate S?ﬂgagﬁa%ﬂg%ﬁ'?%‘ﬁ) %é%}tg?{e@ggg%g?ﬁnon can be
down in roomtenperagture. The chem cal vapor deposition 17 1 (CVD) process
is preferably perfo O‘é(f“‘é%g%‘i’?@= e foem gfpobioicen Jayen gl everdht ees and 2
pressure 1 Atm +/- 5 % 3 Si or Ge Anorphizing 1/1 (Al) to anorphize the
Si | Spol gubstrate surface and gate. the poly layer is comprised of 3 sections: (a} poly 30A over the

6  top of the gate, (b) poly 30B over the substrate; and (c) poly 30C on the sidewalls of -the
7 gate. The CVD deposition process is isotropic and therefore poly 30C forms on the gate
8  structure sidewalls. The CVD deposition process preferably deposits less on the sidewalls

9  than on the substrate and gate.

10
11 We deposit a polysilicon layer over the gate structure and substrate.
12 For CVD process, the polysilicon fayer 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 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




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 anorphizes the poly 30A over the gate structure 25. 12 The

anor phi zation i nplant process is described above. 13 SID doping process
can be done in the poly/Si 14 Anorphization inplant step 15 The S/ D doping
pr odesdCyaN ecadonepicferalip ppdbyids at Arempdrazat 0060016 - 100 Gplegrees shép.  For
exanple, we us Arsenic to do the process thane it can be used as N+ for 17
t he 2NMapessd® 11adneal 2 As shown in figure 4B, the substrate is anneal ed.
The anneal converts 3 anorphous Si 32 over the crystalline Si substrate 10
and the polysilicon 30B to crystalline 4 Si which fornms the raised source

andsdrain 1egi ons 3%; o GEARIBRIzing M @IF 8 UoRnite REEH Bbly © bet ween

4 interface
5
6 As shown 1n figure 3B, in a key 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.

18




6 The anneal is preferably at a tine between 10 mn and 60 m.n. 7 The

rai sed S/D regions 31 preferably have a thickness between 100 A 8 and 2000
A. 9 Renove poly 30C on sidewall spacer 26 10 Referring to figures 4B and
5B the poly 30C on the sidewall spacer 26 11 is renoved preferably using
an isotropic etch or wet etch. The gate can short to the S/Dif 12 the
poly 30C is not renoved. 13 In a preferred enbodinent, 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 30Cis 15 renoved. If the poly 30A 30Cis less

t had 200A, the poly aloCc will react in 16 silicidation step to form
silicide. If the poly 30A 30C is thicker than the silicide 17 consunption

of silicon, the pol ws3BAARCHPSRUR, iR f8stelt€ hahncdledditeianal] cvmtergt ch 18
pol ysilicon HNO3: H20: HF 50: 20:1; or a traditional plasma etch polysilicon

Cra/302 ﬁ HERb CaNHRG, eﬁ?a e §1%ug é‘t@?@ %3 e ;gﬂgsﬁﬁéﬁi A& yadighe

undergoes ubsequent proc to conp ete I ce descrlbed for the

flrst i ment d shown in figures 6A d 7A 4 Advant ages of the

i nvéhti g‘bo@ gﬁ‘ﬁ“@?‘rﬁ%@ﬁ‘?@ﬁ?@ce ﬁ%&gwgwgagpl npl ant forms a snooth interface
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 isremoved preferably using an isotropic etch or wet etch. The gate can short to the S/D 1f
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. Ifthe poly 30A 30C is less than 2004, 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:H2O0:HF 50:20:1; or a traditional plasma etch polysilicon CF4/02

19  etchant can be used.

19




6 between the silicon and anorphous silicon which help to inprove the
el evated silicon 7 growth. 8 9 Conventional Pre-Anorphous |Inplants (PAl)
processes are after the 10 raise S/D are fornmed but before the LDD or S/D
| mpl ants. Conventional PAT inplants 11 form an anor phous region to stop
channeling effects fromthe LDD or S/IDI/Is. Therefore 12 Conventional PAl
differ physically and in function than the enbodi nents Poly/Si 13 interface
Anorphizing 1/1. 14 15 16 Conclusion 17 The enbodi nents of the invention
conprise the follow ng benefits. 18 1. The anorphous I/l does not affect
t he Ichannel nobilitypy ettt prueesdhannel area is 19 protected by the gate
so the surface nobility does not decrease. 20 2. The SPE step |leads to
snogth silicon gromh. 20 1 3 i &ﬂﬁ% / ned by
irrp?ant ation dose. 2 4. The s%hﬁg‘%?ﬁgingy%%ﬁ%bgﬁﬁ‘%@é gor?g%l nt ﬂé%ﬁ%‘lij/ Si
Anor,phi i 1A t , i i hgrease 4 he flexipi|ity of device

oh. e Mo RE bR B A TR el T

t uni'ng. evice perfor asi er.

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
10 raise §/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 $/D I/Is. 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/ 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.
20




5 5. Al the process is common in the traditional silicon foundry. It is
conpatible to all 6 silicon technology frombig dinension to snal
dimension. 7 8 9 10 11 12 It should be recognized that nany
publications describe the details of 13 conmmon techni ques used in the
fabrication process of integrated circuit conponents. 14 Those techniques
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
performed 16 using commercially available integrated circuit fabrication
machi ned. Thselsynsionfdepthl day be pgsilydueesshit ynplentatipnudnger st andi ng of the present
i nvention, exenplary technical data are set 18 forth based upon current

t echhol dgyhe FtdopmggevekomeRrt dnk in tHegoly/Si dayorphizhtidroitnpilént afepr whichat e

adj ustments as woul d be obvious to one skilled in the art. 20 Wile the

i nvention has baeRragant Aedbalt) ¥f vuang. Hesehd BeUcWct RerféindnBl ehemce to
the preferred enbodinents thereof, it will be understood by those skilled

in 211 the arﬁm&?@gsieyari ous changes in formand details nay be nade
wi t hout departing fromthe 2 spirit and scope of the invention. It is

I nt g dEdS.tAcil t%g\fa?orcegsairs Icgrlﬁ?noqﬁg It}];el t?e?dtitli(?nre]f siﬁggn ?elurr{]drlyaft is compatible to all

6 silicon technology from big dimension to small dimension.

7

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 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 arrangenents and procedures, and the scope of the appended cl ains
therefore should be 4 accorded the broadest interpretation so as to
enconpass all such nodifications and simlar 5 arrangenents and
procedures. 6 7 8 9 22 What is clained is: 1. A nmethod for formng
el evated source/ drain regions conprising the steps of: a) formng a gate
structure over a substrate; said substrate conprised of silicon; b)
formng a polysilicon |layer over said gate structure and said substrate to
forma polysilicon/Si_interface between said polysilicon |ayer and said
subst r athe;arisbalreepdy eiangesriadermaped aeipitscent be madaivithgatdepating dkom Bei n sai d
polysilicon |ayer and said substrate; c) performng a poly/Si interface
anorphi gatit anl scopd afithe froeatior. phivieteatied toemstr tahpupologdidaticondSi similarer f ace
in the source/drain areas and to form

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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anor phous regions; d) annealing said substrate to crystallize said

anor phous regions and said polysilicon |ayer over said anorphous region to
formelevated silicon regions; e) formng el evated source/ drain regions
in said elevated silicon regions; f) formng silicide regions on said

el evated silicon regions. 2. The nethod of claim 1l wherein said polysilicon
| ayer has a thickness between 200 and 2000 A. 23 3. The nethod of claim1l
wherein said polysilicon layer is forned using a physical vapor deposition
process. 4. The nethod of claim1 wherein said polysilicon layer is forned
usi ng a chemacal claivaplos: depositi on process. 5. The nethod of claim1l
wherei n said anorphous regi on has thickness between 100 and 1000 A; and

d h bel h il k : .
method of 1 & B G P A R e e B ami

conpri ses @h inplant species at a dose greater than 1E15 ions/sq-cm 7. The
nmet hod of claim 1 wherein said polysilicon |ayer has a thickness between

350 to 450 4 foffthd H%ap@étyﬁ@hré R ol RS r ARDEN b @b N tE BPPRied BT i Ses
i npl anti ng .at a dose between 2E14 and 6E16 ions/sq cm and preferably

about 2E15 i GHEPEG-cm and an
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 layer has a thickness between
200 and 2000 A.
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energy between 40 keV and 400 keV and at about a O degree tilt and about a
O degree twi st angle, and a tenperature about roomtenperature. 8. The
nmet hod of claim 1 wherein said polysilicon |ayer has a thickness between
350 to 450 A, the poly/Si interface anorphizing inplant conprises
inplanting As ions at a dose between 2E16 and 6E16 ions/sg-cm and at an
energy between 0.5 and 180 keV. 9. A nethod for form ng el evated
source/drain regions conprising the steps of: a) formng a gate structure
over a substrate; said substrate conprised of silicon; 24 b) formng a
pol ysi i Gomhb ary&ho@\bﬁﬂaﬁaild/v@@fbm sifid potystloansyaas thrawdsisiag @ physichlor m a
poly/Si interf,ace petme said polysilicon |ayer and said substrate;
source/drﬁpﬁlg?8%§ %?éxgﬁfﬁcent to said gate structure in said polysilicon
| ayer and said substrate; (1) said polysilicon |layer has a thickness

bet ween 20Qyang.q, @Q‘E’cﬁmq)wp@f@ﬁpm B1AIRBIISYdriis MRl dph 5fcﬁ§§uca1
R

anor phi zat i on i npl ant anor phori z | east” t he pol ysil
|nterfacémpﬁfﬁﬁﬁo%ﬁﬁmé%?ﬁﬁ%ln areas and to form an anDrphous reglon,

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/sq-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 at a
dose between 2F14 and 6E16 ions/sqcm and preferably about 2E15 ions/sq-cm and an
energy between 40 keV and 400 keV and at abouta 0 degree tilt and about a0 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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(1) said anorphous region has thickness between 100 and 1000 A; and depth
bel ow the surface of said polysilicon |ayer between 0 and 1900 A, (2) the
polysilicon/Si interface anorphization inplant conprises an inplant at a
dose greater than 1E15 ions/sqg-cm d) annealing said substrate to
crystallize said anorphous region and said polysilicon |ayer over said
anor phous region to formelevated silicon regions; 25 e) inplanting ions
into said source/drain areas in said elevated silicon regions and said
substrate to formraised source/drain regions in said elevated silicon
regions and said substrate; and f) formng silicide regions on said

el evated silicon regions. 10. The nmethod of claim9 wherein said

pol ysilicon | ayegr, has.a thigkness. (het n_350 to 45Q A, the | v/ Si
ot or face amor pi)2Ahgy Fins Bt A8 BRIV ral R e 3B Bt en
2E14 and 6E16 i dndpeyaqminitl ipteeface btvieealsoist polRsibcooyks grdmnisdnd an ener gy
bet ween 40 keV ah@dA4Q0Q@. keV and about O degree tilt and about O degree

twist, and a tenp about room tenperature.. i , .
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 /Si interface in the Source/Drain

areas and to form 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

ions/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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11. The method of claim9 wherein said polysilicon |ayer has a thickness
between 350 to 450 A, and the poly/Si interface anorphizing inplant
conprises inplanting As ions at a dose between 2E16 and 6E16 ions/sqg-cm
and at an energy between 0.5 and 180 keV. 12. The nmethod of claim9
wherein said polysilicon layer is fornmed using a physical vapor deposition
process. 13. The nethod of claim9 wherein said polysilicon |ayer is forned
using a chem cal vapor deposition process. 26

e) implanting ions into said source/drain areas in said elevated silicon
regions and said substrate to form raised source/drain regions in said

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 has a thickness
between 350 to 450 A, the poly/Si interface amorphizing implant comprises
implanting Ge at a dose between 2E14 and 6E16 ions/sq cmand
preferably about 2E15 ions/sq-cm and an 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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