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Noyel Transistor with Utra Shallow Tip

and Met hod of Fabrication BACKGROUND OF THE | NVENTI ON

FI ELD OF THE | NVENTI ON The present invention relates to
the field of sem conductor I ntegrated circuits, and nore
specifically, to the ultra |large-scale 1 fabrication of subm cron
transi stors. DI SCUSSI ON OF RELATED ART

Today literally mllions of individual transistors are coupl ed
together to formvery large-scale integrated (VLSI) circuits, such as

m croprocessors, nenories, andNowel manswmsmm fl.mra rsmwxbempl rcuits

(1GCs). Presently, the nost advanced | ge X rratel y

three mllion transistors, ‘ eld
effect transistors having gate Iengths on the order of 0.5 [err]m In order
to continue to increase the conplexity and conputational power
of future ' BACIKGROUND  OFUTHE INVENTIQRSI stors nmust be packed
into a single IC (i.e., _ transi stor density nust increase). Thus,
future ultra large-scale integrated (ULSI) circuits will require
very short channel transistors with

REPLACED SHEETS LD OF THE INVENTION

The present invention relates to the field of semiconductor
integrated circuits, and more specifically, to the ultra large-scale

fabrication of submicron transistors.
DIS ION OF RELATED ART

Today literally millions of individuall transistors are coupled
together to form very large-scale integrated (VLSI) circuits, sUch as
microprocessors, memories, and applications specific integrated circuits
(ICs). Presently, the most advanced ICs are made up of approximately
three million transistors, such as metal oxide semiconductor (MOS) field
effect transistors having gate lengths on the order of 0.5 um. In order to
continue to increase the complexity and computational power of future
integrated circuits, more transistors must be packed into a single IC (i.e.,
transistor density must increase). Thus, future ultra large-scale

integrated (ULSI) circuits will require very short channel transistors with
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%\%/8. 2429 | engths less than 0.1 [err]m Unfortunat elﬁ?‘,’uﬁs’ﬁéwé?ruct ure

effecti .
and met hod of fabrication of conventional MOS transistors cannot
be sinply "scal ed down" to produce smaller transistors for higher
density - . integration. : : The structure of a
conventional MOS transistor 100 is shown in Figure 1. Transistor
100 conprises a gate el ectrode 102, typically pol ysi li con,

formed on a gate dielectric layer 104 which in turn is formed on

a silicon substtat ' [ drain tensiqpns or i

regions 110 ar e&%&ﬁﬁ%%&%%@% @ggéﬁﬁjggﬁw&f ?‘gﬂfgﬁﬁpg@v@ﬁg si?rHcﬁ{rgg%‘ﬁ’ent
with outside e f ; AT i Lcally
formed by well Hetn ?ﬁ%"ﬁ%ﬁ*@ﬁ{’ﬁ?‘?’ﬁ’ﬁ%@éEﬁ’n'."‘?ﬁegf.%%%?’&%&éﬁa?ﬁ%ﬁ'ﬂ?'ﬁ |
opposi te sides "géal@atdbm%t;sradacé%maﬂtrﬁhsigtdrsﬁomgheﬂ% @D are a pair
of sidewall spacers 108. A pair of source/draln regiOns 0 are then :
formed, by ionintegratigrati on, in substrate 106 substantially in alignment
w th the outside edges of sidewall spacers 108. As the
gate | ength of transiha siruatote btaxoaventiahaMMOS trarsistot H00 is shown in

fabricate a smaller transistor, the depth at which tip region 1 10 extends
i nto substrat e FigdrendsstTransistord 09 canapfises.moate electrade 108sty@jcalll or der to

UnFor tunat o1y, RORESSTG /TBR Pvs 96 GRIeEHE BLAAMPIGH I 1o 13 e ¢ nan

. | , d d / in i

does. not - swap 1A SUBeh Rlbsirafy 10hC oA B BoRua GRe RO RSB BT on T U
svam PAEFIFELS 7r o) BRI _ |

Fioure 1, the tERORSostondigHren Y R e BFSHA Ao 06T lBpint

region 110 is hatthosfsidd 849 8f hardeletirddé 4020Tid g8 1R SretypREMN! | 2!

formed by well-known ion implantatiori techniques. Formed adjacent to

opposite sides of gate electrode 102 and over tip regions 110 are a pair
of sidewall spacers 108. A pair of source/drain regions 120 are then

- formed, by ion implantation, in substrate 106 substantially in alignment
‘with the outside e_dges of sidewall spacers 108. _ |

As the gate length of transistor 100 is scaled down in order to

fabricéte a smaller transistor, the depth at which tip region 110 exténds
into s_u_bstfaté 106 must also be scaled down (i.e., decreased) in order to
improve punchthrough characteristics of the fabricated transistor.
Unfortunately, the length of tip region 110, however, must be larger tﬁan
0.10 um to insure that the later, hea\)y_ dose.'deep source/drain implant

- does not swamp and overwhelm t,ipfegion 110. Thus, in the fabrication
ofa small scale transistor with conventional methods, as shown in
Figure 1, the tip region 110 is both shallow and long. Because tip

region 110 is both shallow and long, tip region 110 exhibits substantial
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parasitic resistance. Parasitic resistance adversely effects (reduces) the
transi stors drive current. - Thus, what is needed is a
novel transistor with a | ow resistance ultra shallow tip region
with a VLSI manufacturable nethod of . fabrication. WO

96/ 20499 '

PCT/ US95/ 16760 _ o ' 3 4
SUWWARY OF THE | NVENTI ON A novel transistor with a |ow -
resi stance ul tra spatdsitig tesistamge. oRarasitic resistamceladverselytaftetto{retiabes)taei on
i s described. According to the preferred nmet hod of the present
invention, a gate trapsistarsidtivepusient.s forned on a , first surface
of a sem conductor substrate. Next, a gate electrode is formed on

the gate dielectric layer. T
are fornmed adj acent to opposite sides of the gate el ectrode. Next, a pair
of recesses are fofree— n the sem conductor substrate in alignnent with

Thus, what is needed is a novel transistbr with a low resistance
ultra shallow tip region with a VLSI manufacturable method of

fabrication.



the outside edges of the first pair of sidewall spacers. Next, a

sem conductor material is selectively deposited into the recesses such
that tW@92MP%onductor material extends both above and BS/GWSHENOf | st
surface of the sem conductor substrate. Dopants are then diffused from
t he sem conductor material into the substrate beneath the first pair of
si dewal | spacers to forman ultra shallow tip region. A second pair of
si dewal | spacers are then formed on sem conductor material adjacent to
the outside edges of the first pair of sidewall spacers. Next, a deep
inplant is nmade in alignment with the outsitle edges of the second pair
of sidewal | spacer s to form a deep junction source/drain contact region.

Finally, i : - M®ce/ drain regions and gate
el ectrode of the fabr| cat ed tranS| st or . WO 96/ 20499
PCT/ US95/ 16760 ' : 5

BRI EF DESCRI PTI ON . - ' > i
il ustrat ion of a g %mg@g@y%wwiaeﬁw&esustance ultra srf%@%@%}?%ﬁgﬁn
transistor. and its method of fabncgﬁcﬂWsede?schBeén Adcbﬂﬁﬁ 'g?és‘ﬁﬂ%ffﬁ'ed .

cross-sectional view o resi stance U owtip

transi stor of rﬁélﬁo@b‘?wélbrééé‘mmve@ﬂon a gate dielectric Iayer is Brﬁé’deoﬁé is an
illustration of a cross-sectional view show ng the formation of a

first pair of fistdenack of gesemisonductppssbsteatsi dlext,d gategeleetrode is
el ectrode forned on a substrate. Figure 3b is an
il lustration &rmedendthe gata dieieatric/|ayar. sﬁben i@gfinshpair of sidewall spacess i on of
recess reg Onsaré Por%heed g(lijjggérr\tattoeopogosﬁg lljdrees gfathe gate electrode. Next, a pair ‘
of recesses are formed in the semiconductor substrate in alignment with
the outside edges of the first pair of sidewall spacers. Next, a
semiconductor material is selectively deposited into the recesses such
that the semiconductor material extends both above and below the first
surface of the semiconductor substrate. Dopants are then diffused from
the semiconductor material into the substrate beneath the first pair of
sidewall spacers to form an ultra shallow tip region. A second pair of
sidewall spécers are then formed on semiconductor material adjacent to
the outside edges of the first pair of sidewall spacers. Next, a deep
implant is made in alignment with the outside edges of the second pair
- of sidewall spacers to form a deep junction source/drain contact region.
Finally, silicide is formed onto the source/drain regions and gate

electrode of the fabricated transistor.



Fi gure 3c is an.illustration of a cross-sectional view show ng the
deposi ti on SOWAMMonduct or material on the substrate of Fi gRCEUBES16760

Figure 3d is an illustration of a cross-sectional view showi ng t he
solid-state diffusion of dopants into the substrate of Figure 3c.
Figure 3e is an illustration of a cross-sectional view show ng the

formation of a second pair of sidewall spacers on the substrate of Figure
3d. . WD 96/ 20499

PCT/ US95/ 16760 5 6
Figure 3f is an ill ustratl on of a Cross- secti onal Vi ew shovm ng the
formati on of a deepBRIEE DESCHRI DY A EING

substrate of Figure 3d. ' Flgure4|s an illustration of a
cross-sectional view show ng _ anot her preferred enbodi nent of the

| ow resistance ultra shaElo Jh ansi stor of the @resent
i nvention with shall ow j G4 '%@Bd@ﬁt@(ﬁ'on of 2 cross-secirRBhvigw: o a

source/ drain contac e Figure 5 is an
illustration of a C?E% ‘é‘%@@‘?? HﬁQP'SWreW show ng anot her preferred

enbodi nent of the |ow resistance ultra shallow tip transi stor of
the present invention with a deposited sem conductor buri ed

channel regi on. Figure 2 is anfillitfafioR df%a Bfbslddétiohal Vi o a fow
cross-sectional view showng anot her preferred enbodi nent of the

| ow resi stance ul trresidtaht®ulttd phallow tip transistor of the present invention.

Figure 3a is an illustration of a cross-sectional view showing the
formation of a first pair of sidewall spacers on opposite sides of a gate

electrode formed on a substrate.

Figure 3b is an illustration of a cross-sectional view showing the

- formation of recess regions in the substrate of Figure 3a.

Figure 3c is an illustration of a cross-sectional view showing the

deposition of semiconductor material on the substrate of Figure 3b.

Figure 3d is an illustration of a cross-sectional view showing the

solid-state diffusion of dopants into the substrate of Figure 3c.

Figure 3e is an illustration of a cross-sectional view showing the
formation of a second pair of sidewall spacers on the substrate of Figure
3d.



transi stor of the present invention with vertically and horizontally

di ffus shal l ow tip region. WO 96/ 20499 - e
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DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON : A novel
transistor with a low resistance ultra shallowtip and its met hod

of fabrication is described. In the follow ng description

nunerous specific details are set forth, such as specific materials,

di nrensi ons, and processes, etc., in order tg provide a thorough

under standi ng of the present invention. It Wwll be obvious, however, to

L
[ t d h . ) d i bed i ticul det ai |
n ofder 1o alBiBRIANoLeSeaR ML ER ERB e el aRBians e on.
A preferred er%apg{rg?e{;ﬁf ﬁéu?e Q&vel transistor 200 with | ow
u a shall

resistivity, r Wtip of the present invention is shown in Figure

2. Transistor 200 is fornmed on a silicon substrate or well 201. A
gate dielectric layer 202 is forned on a surface 203 of substrate
201 and a Figate 4eiseant Hiosrrafldr of & crosswectibnalniewashoyihg di el ectric
| ayer 202. A first _ pair of thin sidewall spacers 206 are forned
on opposite siahatherfprefaresed embodiment el thet lowdresixteingespliraestal@@6tip un al ong
the "width" of gate el ectrode 204). ) Transi stor 200 al so incl udes
a second pair tegnsigiesebiie present igvgation with shallowsjumetian deppsited s 208 f or med
adj acent to the qutside edges the first | pai r of sidewall ‘
spacers 206. FeMCPRAUFIODBEUICRAraHLcONaghiqgiens. - source/drain

regions 211 each conprising a pair of tips or source/drain
extensions 210 and a source/drain contact region 212.

Figui'e 5 is an illustration of a cross-sectional view showing
another preferred embodiment of the low resistance ultra shallow tip
transistor of the present invention with a deposited semiconductor

buried channel region.

Figure 6 is an illustration of a cross-sectional view showing
another préferred embodiment of the low resistance ultra shallow tip
transistor of the present invention with vertically and horizontally'

diffused ultra shallow tip region.



}
Tip or source/drain extension 210 is defined as the source/drain
regi on | ocwoes/2049%9cat h second sidewal | spacer 208, first sipewekds/i6760

spacer 206, and the outside edge of gate el ectrode 204. Tip 210 WO
96/ 20499 _
PCT/ US95/ 16760 ' 8

conprises an ultra shallow tip portion 214 and a raised tip portion 216.
Utra shallow tip portion 214 is conprised of a doped sem conduct or
substrate 215 formed by "out diffusing" dopants7from sel ectively
deposited sem conductor material 217 into substrate 201. U tra shall ow

tip 214 extends frmﬁmn ep NT_tIRY ENTREDNe
edges of gate electrode 204. Utra shallow tip 214 preferably extends
approxi matel y 100A beneath gate el ectrode 204 for a transistor with an
ef fective gate length of approximately 0.10 mcrons (or 1000A).

Addi tional Iy, ultra shafinowetiransistor withf 2 lowrgsistance gidra sballawtip aslits
deep into substrate 201 beneath substrate surface 203 for, a Q.10 [err]m

effective gate | enfethod ef fabricationis,gescsibed: Jn the ieliowing descaptiy e

TP 904") o char ooy R PAcY sl i B GRET b 48 e ribera ™ 0
o sed 1 p port | ordDRuRidY, s iEgedhe Bt ot okl BPRIR &dfloroun, o

T Di6 1 prof er AAEtpRINHIE: #03%8SRh IUbMore iR bD RALR. pelievelAbsed
sel ectively deposigmslskifed ity art amdt B8 Mvehtion Ay BS Braditiced without these

sem conduct or substrate 215. Because a portion of raised tip 216 is
formed above sem cspedifid detafisbdn oHher instahaes, WEBknown sedhicomdkt6r | s
'said to be "raised". Araised tip significantly reduces the parasitic
resi stance of trarequipmentand:pracessaschgve npt beess deserigask noparticular detail

A pair of source/drain contact regions 212 are formed adjacent to
_ in order to avoid unnecessarily obscuring the present invention.

A preferred embodiment of a novel transistor 200 with low
" resistivity, ultra shallow tip of the present invention is shown in Figure 2
Transistor 200 is formed on a silicon substrate or well 201. A gate
dielectric layer 202 is formed on é surface 203 of substrate 201 and a
gate electrode 204 is in turn formed on gate dielectric layer 202. A first
pair of thin sidewall spacers 206 are formed on opposite sides of gate
electrode 204 (spacers 206 run along the "width" of gate electrode 204).
' _Transist_or 200 also includes a second pair of substantially larger
| sidewall spacers 208 formed adjacent to the outside edges'of the first
pair of sidewall spacers 206. Transistor 200 includes a pair of
source/drain regions 211 each comprising a.'pair of tips or source/drain
extensions 210 and a source/drain contact regioﬁ 212.'
Tip or source/drain extension 2.10 is defined as the source/drain
region located beneath second sidewall spacér 208, first side.wall

spacer 206, and the outside edge of gate electrode 204. Tip 210



t he outside edge of second sidewall spacer 208. Source/drain contact
regi on%wgéé?oare deep junction source/drain contacts. Source/drain
cont act d1%s 212 are forned by ion inplantation or diPCTOES95(t6760 WO
96/ 20499 ' ' :

PCT/ US95/ 16760 -

addi tional dopants into a region 220 conprising selectively deposited
sem conductor material 217, "out diffused" doped sem conductor
substrate 215 and substrate 201 in alignnent with the outside edges of
second sidewal | spacers 208. Source/drain c8nt act regions 212 are _
partially raised source/drain regions. Silicide 218 is preferably forned
on sour ce/ dr aigPmpsisesnan ultra ahallaye tiptporieni2t ¢ andea caised dip partios2d6ce of
transi stor 200Q. Ach tionally, according to the present invention, first
seni conduct or WHRhallowlpy PPRIQL 214 6P MPHES™ of Bdpprast semicondugtot ur f ace

f t | ect 4 i) j Ci 218 i.5 als referably forned on

deposi ted ser SBRUAM 315 fRiried By *aiAiBySlpa cBaFuE e selesivey nel p .

' t LSt : : i eci gted that a
POy ot 2 leg aEonaycor materal 217 i bybeiek® 4, ERESEHAERY, "
transistor 20Gg Sf4 edfEndd fidf tRnedffift/siewdll spacer 206 totié BRiGE 210 which
is both ultra shallow and raised. In this way, transi stor 200 has

a shal | ow ti p etigels of 2t eléarsde2esi Ulea sREIGH #RCEL4 pRferably extends hovel
structure of transistor 200 allows for tip scaling necessary for the

f abri cati on ofapprexisiatelyr1G0F0benedthajdte eiectrodpa®®4 kg transiets witraan0. 15
[err]m . Because of the novel tip structure 210 of the present
i'nvention, tr &ifectivegate length of appwximatelotd Oomicrans (@UtP0GAN f or mance and
reduced V[err] i onal 'y, because of tip 210,

|1 -qff. .. Addi t _
transi stor 20@4@@@Wowtﬁa$%§llqw tp 214 preferably@xtgnds dass thasitlAg i n good
drive current ideepjnto substrate 201 BerfS4ts SuB&rate Hurlace 504 for & Rl ently

preferred net
effective gate length. It is to be appreciated that because a novel

9

method of fabrication is emplbyed in the present invention, ultra shallow
tip 214 is characterized by a very abrupt juﬁction. |
Tip 210 of transistor 200 also includes a raised tip portion 216.
Raised tip pohion 216 is located beneath second sidewall spacer 208
and is adjécent to the outside edges of first sidewéll spacer'206. Raised
tip 216 is preferably formed of doped semiconductor material 217
sélectively' depbsited both above and below surface 203 of
| semiconducior substrate 215. Becausé a pdrtion of réised tip 216 is
- formed above semiconductbr substrate surface 203, raised tip 216 is
said to be "raised". A raised tip significantly reduces the parasitic
resistance of transistor 200 and thereby improves its performance.
A pair of s'oufce/drain contact regions 212 ::-g formed adjacent to |
the outside edge of second sidewall spacér- 208. Source/drain contact
regions 212 are deep junction soprce/drai'n contacts. Source/drain

contact regions 212 are formed by ion implantation or ditfusing |



]
fabrication of a transistor wwth a |low resistance ultra shallow tip region.
The preferr@@%@ﬂﬁ?d of fabrication will be described wth rRPEPES/16T60t he
fabrication of a PMOXS transistor. It is to be appreciated that the
preferred method is equally applicable to the fabrlcatlon of NMOS WO
96/ 20499
PCT/ US95/ 16760 - 10
devi ces wherein the conduct|V|ty types are si nplé reversed. As shown
in Figure 3a, a PMOS transistor of the present vention is preferably
fabricated on an n-type substrate or well 300 doped to a concentration
l evel between 1 x ZXHiditiorial dopeants] intealregict0R20 kbmprising selettively depbsited

appreci ated t hat ) substrate 300 may additionally include a top
| ayer or |ayers of seapoendugior matenal 217, etmﬁditfuae:t‘tdnpethsemicandummOr di ng
to the present invention, a sub i s defined as the startl ng

mat eri al on which tﬁﬁ'@st"ﬁf?ng?%taﬂﬂ S@ﬂ"ﬁlﬁ 2@ hincglignment with gbe spiside ed 995 of
PCT/ US95/ 16760
According to the priSSRY SIdRWA SRACersi308; Soyrcelraineuntart '@9‘%{%?1%@?’9

partially raised source/drain regions. Silicide 218 is preferably .formed
on source/drain region 212 in o_rderto reduce the contact resistance of
transistor 200. Additionally, according to the present invention, first
semiconductor material 217 is preferably deposited onto the top surface
of gate el_'ectrode' 204. Silicide 218 is also preferably formed on
deposited semiconductor material 217 on.gate electrode 204 io help
improve contact resistance.

It is to be appreciatéd that a valuable feature of the present
invention is the fact that transistor 200 includes a tip or source/drain
extension 210 which is both ultra shaliow and raised. [n this way,
transistor 200 has a shallow tip with a very low parasitic resistance. The
novel structure of transistor 200 allows for tip scaling necessary for the

~ fabrication of transistor 200 with effective gate length less than 0.15 um.
Because of the novel tip structure 210 of the present invention, transistor
200 has.good punchthrough performance and reduced Vr roll-off.

. Additionally,' because of tip 210, transistor 200 has a low parasitic
resistance, resulting in good drive current.

Figures 3a - 3f illustrate a presently preferred méthod of
fabricationbf a transistor with a low resistance ultra shallow tip region.
The preferred method of fabrication will be described with respect to the
fabrication of a PMOS transistor. It is to be appreciated that the

preferred method is equally applicable to the fabrication of NMOS



is formed on top surface 304 of substrate 300. Gate dielectric |layer 302

is preferably a nitrided-oxide |ayer forned to a thickness of between 20A

- 50A. PQ@X % be appreciated that other well-known gatBCHUSHMET40 c | ayers,
such as oxides, nitrides, and conbinations thereof, may be utilized, if
desired. Next, a gate el ectrode 306 is forned over gate dielectric Iayer
302. Gate el ectrode 306 is preferably fornmed froma 1000 - 3500A

bl anket deposited polysilicon |ayer patterned i nt 0 gate el ectrode 306

wi th well -known photolithographic technique Sq’ra is to be appreciated

t hat other well-known patterni ng techniques y be utilized to pattern

gate el ectrode 306, including subm - cron photolithography technigues

and sgbphot ol |qu!S@5dﬁ|h$r@'rbH19c @W%Vtﬂé!ﬂfﬂﬂsﬁféssé@ﬂ%r%@r $hck cAp @@9"\4%

I I v T
Soria . Posm g e A BRIOS Habsistor of e Bresh Bibnds Herefay
D et erabl y a depgrted ol & Bt sBREORES 8 308 BPRRIHT ddfeariietin

recal J3LE: 2 16VdlBefwbi LRI TmS OSSOl i€y/os ABBIRbE AN E! COT

i f desired. Next, as also shown .in rst

si deval | spaceybsarufy 360 Pay addltlonally ingludleaa k6 1y@p oF 1dyails Of elepasitsd r at e
300 and the top and sides of gate el ectrode 306. Spacer |ayer 308
i's preferabl y semicOndumodmateritd. |Aorerding to the preséapumeﬂnadnba sabgtratel | - known
process, to a thickness of between approxi mtely 50A - 500A with
200A bei ng pr é$ defieed astthe startingenaterial on whlqpmeetcamusmrm rioatesk

i nsul ators, such as silicon-nitride and nitride- "~ . .. oxides, etc.,(
may be utilized as spacer layer 308, if desired. It is to be

appreci ated that spacer |layer 308 nust be forned thick enough to WO
96/ 20499 ' -

PCT/ US95/ 16760 : : o 12



j
electrically isolate a subsequently deposited sem conductor material .
from gate ovesdézoaske 306. Additionally, as will be-appreci at edThavei6766 he
t hickness of sidewall spacer |ayer 308 defines the resulting spacer
t hi ckness and the mininumlength of the ultra shallow tip portion of the

fabricated transistor. Next, as shown in Figure 3b, first
si dewal | - spacer |ayer 308 is ani sotropically dry etched with any
wel | - known technique to forma first pair of sidewall spacers 310
whi ch run along the width of gate el ectrode 11 306.

Next, as shown in Figure 3b, substrate 300 is anisotropically

etched with any wel| - Knayordrg o the re§elﬁthn@énti@ﬁ@ﬂrstt@gé%u@te@kﬁdﬁ&yer 302
(RIE) V\nthachemstry conpri si ng F6 and He at a ratro of 2:1
respectively, to figrformeganrtopfsuriace 30asofElibstrates B00 cGatelaimectaceamcsom
alignment with the outside edges of first sidewall spacers 310. It is to be
noted that pol ysilisquafeyably %néndedrwc@dayersfopmedltala tickness of b@tweﬂgﬂ)ﬁe
silicon substrate recess etch. Gate electrode 306 and first sidewa

spacer 310 act as ao@asit 'ﬁrtQ\P@rﬁPPfQC@l“Pcﬂm%Ms‘t‘?'kf‘@‘ﬂﬁ@é&é"%“c layers
| t ed d th, f b th
the present invent S¥M AS OXBe. D nftfides dind SomBingtipay s eat, 2655 pe pliided i

or econt ORI S e 5 SEFEP olgb A0Rl8 SR BUGEp AT eRR R a1 0°

312 with t f foMR! Oﬂjbg, a depth
of -200A g@?o%égt%ét}'?at eegqj?w%rgg mgagﬂ? erre ?\sé% to be
appreci ated t hat blanket deﬁ&@te@e@émslﬁéoﬁ %@%alﬁémédmﬁdéafbehld&ﬂ%dé 3oeni mum
depth at which t fabricated transistors' ultra shallow tips wll

extend into subst rwttb widlbknown phdflditagraphie techmques it is to be appreciated
PCT/ US95/ 16760 - 13
that other weil-known patterning technqques may be utilized-to pattern
gate electrode 306, including submicron photolithography techniques
and subphotolithographic patterning techniques such as described in
- copending patent application entitied "Inverted Spacer Transistor”,
. Serial No. 08/288,332 filed August 10, 1994, and assigned to the
present assignee. Additionally, although gate electrode 366 is
preferably a polysiliéon gate éléctrode, gate electrode 306 can be a
metal gate, a single crystaliine silicon gate, or any combination thereof,
if desired.

Next, as also shown in Figure 33, a flrst sndewall spacer layer 308
is blanket deposited over substrate 300 and the top and sides of gate
electrode 306. Spacer layer 308 is preferably a silicon dioxide layer
deposited by any well-khown process, to a thickness of between
approximately 50A - 500A with 200A being pfeferred. itis to be

| appreciated that other insulators, such as silicon-nitride and nitride-
oxides, etc., may be utilized as spacer layer 308, if desired. Itis to be

appreciated that spacer layer 308 must be formed thick enough to



The deeper the recess regions, the deeper the transistor tip regions wll

extendw:g}tg %gbstrate 300. Next, according to the preferred
enbodi 628971 he pr esent _ i nvention, as shownPCTUSISHGT6e 3c,

sem conductor material 314 is sel ectively deposited into
recesses 312 and onto the top surface of gate . el ectrode 306.

Sem conductor material 314 is selectively deposited so - that it

forms only on exposed silicon such as substrate 300 and

pol ysilicon gate el ectrode 306. No sem condyctor material is fornmed on
si dewal | spacer 310. Sidewall spacers 310 ectrically isolate

sem conductor material 314, formed in recesses 312, fromgate

el ectrode 306¢lectifallyiselaten subseauantlyzdapesitechsemicondugtor ithateriakses
of between 20

o Pl B ATHIENS, o o B
oo R AR AR oL o,
puriives, Sifdastidthe HBAPRGEN SR DU SRR EEROh 100 . o o

appr oxi mat el yiabricafdd gandisr errl -+ being preferred. Additionally,
it is to be appreciated that sem conduct or - material need not be

i n-situ doped,. but Neat,lesrshown treFigapedb} first Blewall spacer 123@#i308ds
conductivity level after deposition by ion inplantation or

di f fusi on. Foaniggtrapically dry etoehetlamith any well-krfoveMeehmiquei tOMOBmMpafitst i t

may be necessary to dope sem conductor material 314 after deposition Pe
so that standB®if opsisteyalssracers SitPrwhick cumainngstheawidye ofigete electroden |
bot h-p-type cgﬁguct ivity sem conductor material and n-type conductivity _
sem conduct or terial for the PMOS and NMOS devi ces, respectively,

(F),ET?USQQ“ SDS/ leveo t, Next, as"$Rowh M #idlre 3b, substrate 300 is anisotropically

etched with any well-known technique, such as reactive ion etchihg '
| (RlE) with a chemistry comprising C2Fg and He ét a ratio of 2:1,
respectively, to form a paik of recesses 312 in -si!ic0n' sub?straté 300 in
alignment with the outside ed'ges of first sidewall spacers.310. ltis to be
‘noted that polysilicon gate electrode 306 is partially etching during the
silicon substrate'_r'ecess etch. Gate electrode 306 and first sidewall
spacer 310 act as a mask preventing silicon substrate surface 304,
located underneath, from being etched. In this way the recess etch of -
the presen:t invention is self-aligned to the outside edges of first sidewall
| spacers 310. According to the preférred embodiment of the present

in\}ention, substrate 300 is etched to form recess regions 312 with
depths of between approximately 20A - 1000A, with a depth of 200A
below substrate surface 304 being preferred. It is to b'”e'. appreciated that
the depth of recess region 312 defihes'a minimum depth at which the

* fabricated transistors' ultra shallow tips will extend into substrate 300.



i
14 - It is to be noted that the thickness and dopi ng
concent r at | WP 9620499 of semiconductor material 314 BET/ERINI6H® t he
resistivity of the raised tip portion of the fabricated
transi stor. A thicker and hi gher doped sem conductor material 314
results in a transistor with a |ower parasitic resi stance. An
adverse capacitance (i.e., MIller capacitance), however, can be
devel oped when opposite voltages are placed on gate el ectrode 306
and seni conductor material 314. The higher the daobing and the
t hi cker sem conductor material 314 is, the greater is the Mller
capaci tance. Thus, The deeferdhe receds remions]¢hd aeepenthehieansistos tiptregions will

parasitic resistance and its MIler capacitance. Accordi ng
to the present invexenshintgsubslsaled®Bbr material 314 is preferably
a silicon/germani um sem conductor  all o% Wi th ger mani um : conpri sing
approxi mately 10 - 50% d¥exthacearping toAhgipretesedpmpadimant of the present

R R e L

Sggéﬁéél 1 oxni bl 1 SoHEBRO GG GRERH e gﬁbﬁ{fg@mﬁ%" bitgcd fasteg
Si 11 Cond gor mant um SR a0T0 AP HAdEr pHEHAl SRl Selo Gl Beposited so

"di sl ocati ons" whi qhiat fbrivis bl oTPbXpbsedalifcal Sidksa®subétralematand hr ough
the sem conductor material. It'is to be appreciated any sem conduct or

material whi ch can polysiiidorcgatecdigctrego 306 e Na semisondsetbrimatesiaims formed on
sem conductor material 314. For exanple, sem conductor material 314

can be sel ecti vel y sitigwall spacgra3 & r Hidewadll spacdrsididneltotricatly isolateSi H2Cl 2

and HG in a H2 anbient, -at tenperature of between 600 - 900[err] C, or
VWO 96/ 20499 semiconductor material 314, formed in recesses 312, from gate

PCT/ LSS5 1_6760 electrode 306. Semiconductor material 314 is formed to a thicknesses
of between 200A - 20004, with approximately 600A béing preferred. In
- this way semicondu.ctor material 314 is formed both above and below

_surface 304 of semiconductor substrate 300. Addit_ionally,

' semiconductor material 314 is preferably in-situ doped with p-type
impurities, such as boron, to a concentration level between 1 x 1018/cm3
to 5 x 1020/cm3, with a concentration of approximately 1 x 1020/cm3
being preferred. Additionally, it is to be appreciated that semiconductor
material need not be in-situ doped, but rather may be doped to the
desired conductivity level after deposition by ion implantatidn or
.diffusion. For example. in the fabrication of CMOS or BiCMOS parts it
may be necessary to dope semiconductor material 314 after deposition
so that standard photoresist masking techniques can be used to form
both p-type conductivity semiconductor material and n-type conductivity
semiconductor material for the PMOS and NMOS devices, respectively,

of a CMOS circuit.



15 can be selectively deposited single crystalline silicon

' formed‘ﬁ W wel | - known t echni que. Next.,
-accordi % Yhe present invention, as shown in Figure B§TUS5/16760

p-type inpurities or dopants are diffused out from sem conduct or
material 314 and into sem conductor substrate 300 to formdiffused
sem conduct or regions 316. The out diffusion of inpurities forns

di ffused sem conductor regions 316 with a concentration | evel
approximately equal to the deposited sem co Q?uctor mat eri al 314.
Impurities are diffused laterally (horizontally) beneath first thin

si dewal | spacers 310 until inpurities reach at |east the outside
edges of gate Iltis to b%ﬂ@tﬁdr@ééﬂ?ﬁ)@'msﬁm%ﬂg copeamatigleysl matel y
100A beneat h te l ectr, 306.. Th ort.ion. of ffuse

semi conduct or FRATYAANAYGOr matéiial ﬁﬁv@ﬁ‘@ﬁ“i% re§is§ tye?ifof Sé’ﬁ@?p iR irst

si dewal | spaceﬂqrﬁé P?E‘%I %}?@gt%drtafﬁg?'gt[me'Aeﬁﬁ&%q%n%%gbéf &ﬁgk?%djl tra shall ow_

tip portion of

appreci ated t hadmicBRa9tbr Fdtés y?ih F&‘suitgiih'%'tiérﬁstgi Mhd d‘vie%rgqjargsig

i mpurities deeper (or vertical Into substrate 300. For

| ateral diff usiegidtaribenaAh adVetdacpaditante 106 AMIRSH capRicitants), oweRsE, at e
300. Thus, according to the preferred enbodi nent of the present

i nvention, ul tecam béalevelopedpshed dppositepplitagesrateplacdf®h gate elegirbdand

appr oxi mately 500A (or. 0.05 [err]m deep for a 0.10 [err]meffective gate

| engt h. 306 and semicgngdiioten matarial taﬁé pthe bighed therdopingeand Hte t he
present. invention, solid-state diffusion step occurs directly ‘

after the for r;gtquﬁsgfnlconductor mategighBddivitoe greateréstha MileX with a rapid
th | b 800

1000] or 1] C 1 orcapachates s TBHRca tare £Hiniish e ads biween fhetearigat iﬂm. ent
s to be appregigigd b8Rtarda® and tt Witk A& dlidahg! on step of

96/ 20499
PCT/ US95/ 16760 According to the present invention, ‘semiconductor material 314 is

preferably a silicon/éermanium' semiconductor alloy with germanium
comprising approximately 10 - 50% of the alloy. A silicon/germanium
semiconductor alloy can be formed ‘by decomposition of SiH2Cl2 and
GeHy in Ho ambient, ata temperature of between 500 - 800°C, with
600°C being preferred. Such a semiconductor material is preferred
because it exhibits good selectivity to silicon during deposition, making
the present invention very manufacturable. Additionally, such a
silicon/germanium semiconductor alloy exhibits many "faults” or
"dislocations” which aid in the solid state diffusion of dopants through
the semiconductor meteriai. It is to be appreciated any. semiconductor
material which can be selectively deposited can be used to form
semiconductor material 314. For example, semiconductor material 314
can be selectively deposited poiycrystelline' silicon formed from SiH2Cl2

and HCl in a Ho ambient, at temperature of between 600 - 900°C, or



16 - - the present invention need not necessarily occur directly
after the WO096/20499 f ornati on of sem conductor naterial 314, POUIUSISMETEs can

occur during | ater thermal cycles used in subsequent process

st eps. It is to be appreciated that a key feature of the
present invention is the fact that the sem conductor material 314
I's formed beneath sem conductor substrate surface 304. That is,
in the present invention, a source of dopants 315 is placed into
substrate 300 directly adjacent to t heldocati on where the ultra .
shallow tip 317 is to be fornmed. In this way" during the

sol i d-state diffusggmbstseectidelodésosied sihgle drpstaiak!dilicdinf fowpediby any

a single direction (laterally) below the first sidewall spacer 310 and
under neat h t he outwelinedmetechnjtpieysi | i con gate el ectrode 306. This

results in an ultra shallow tip 317, which is charactérized by a very sharp
and abrupt junction w tNexuigecemling fothe mesantinventiarptas sheyn tmFigure 3d,

i nproves the punchthrough characteristics of, the fabricated transistor.

g\ddi-tionally, ib t iB‘ltYF(?j? wwﬁ?’ﬂ r@iﬂﬁﬁﬁe dﬁwsﬁeméﬁ@%ﬁ?%?mq{wtips
0 o . S HPt ! LS
fabri cated ¢ haﬂy :r%a*enaﬁ S intd 3e ot S s RS B0d 1 Yorn e, o

t i . A hi . - i eqion i nor |
vt ce s per fof mansamiznauetos re6iBRS 316! ¥Rt ¢ fubbH o bRy Bt nce
Next, as shown in &iﬂ&é&s@ﬁ]icé\w%&@&“fédﬁé 396 mﬁﬂg‘iﬁ‘é@héerﬁ {otl fevel - 318

are fornmed on deposited sem conductor “materi al and adj acent- . to

the outside edges ghprokimatey 6qudltb the BPosRP sepfcertiicidrdnnRirial 314.

spacer 318 are preferably formed by anisotropically dry etching a
conformal |ayer ofingpuritiesranei diffusied fateratlg (hgrizortally)vzdreaph ficstsbkin didéwall
sidewal | spacers 310, second sidewal |l spacer 318 can be forned by
any one of a vari espacsts @d0luntihimpuriieshreagheas least the outside edges ol gate
electrode 306 and preferably extend approximately 100A beneath gate
electrode 306. The portion of diffused semiconductor regions 316
which laterally extend beneath first sidewall spacer 310 and gate
electrode 306 is thé ultra shallow tip portion of the fabricated transistor.
It is to be appreciated t.hat the out diff_usiori of impurities also diffuses
impurities deeper (or vertically) into substréte 300. For each 200A of
. lateral diffusion, dopants diffuse about 200A vertically into substrate
| 300. Thus, according to the preferred embodiment of the present
invention, ultra shal_low tips 317 are-approximately 300A in length and
approximately 500A (or 0.05 um) deep for a 0.10 um effective gate_
length. _ _
According to the preferred embodiment of the present invention,
solid-state diffusion step dccurs directly after the formation of
semiconductor material 314 with a rapid thermal process (RTP) at a
temperature between 800°C to 1000°C for § to 60 secon'ds in a nitrogen

(N2) ambient. It is to be appreciated that the solid-state diffusion step of
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si dewaMO W28 s 318 are substantially thicker than firgcTaisssgaéd spacers
310 and are fornmed to a thickness of between 500 - 2500A. with 1800A

bei ng preferred. Next, as shown in Figure 3f, fabrication
of transistor 340 is conpleted with the fornmation of
source/drain contact regions 319. After formati on of second

si dewal | spacer 318, shown in-Figure 3e, the substrate is

subj ected to a standard and wel | -known ion erl antation and
anneal which inplants p-type conductivity inpurities, such as

boron, into déheresantirvariiondeacnohaecassarily3actur dirktty attestia con

regi on 316, aqd sem conductor substrate 300, The ion inplantation

step pref er ab/l)Ma}qR0 s%‘BW@QPGMi’F@"@Hﬁ&%H’ bt Jather zap QMOUhduﬁp?type

ductivit | ) 1 10 - to 5 10 ,
and &Y WP el BPRR sk SUbSPake BhPreest SBP%g e Lot Al thi ckness
otep can al so be udti§lobe apdtetRiediiand kel BB the prestiy IRBAIER 1506 i1
not previousl !héi%&(ihéﬂhb%miconductokgjt%?%ﬂhéei§1i4ci9'?oﬁﬁé<§’bgh@&ﬁir ode 306

formation. It is to be appreciated that cond si dewal |
spacers 318 mssmitenduptorsLidiiat& sarfdceVads. ST i the present invenbRV4 de a

sufficient mask to prevent the deep, high dose, ion I nplant ati on
of the sourcesdurdenotdopants I1Egs iacerilintd sobstrater3glediredlly adjacentto t he
fabricated tip region 321. : Next, according to the
preferred net HiRlogationavhiaredbauitrashalidvotip 317 is to be forrsed.i cindhis3gdy i s (

deposi t &4 sentEBRANEE SO atale difusln SExp.Sibats arcedledersasiy dsedns
oot 20 R B AL BT A R Yo arce. 11
the preferred,pabifdAf i BoRIde @dbétﬁrﬂdwgillc%edaﬂe%IéétFosée 266"kis deposi ted
résults in an. ultra shallow tip 317, which is characterized by a very sharp
and abrupt junction with substrate 300. Such an abrupt junction
improves the punchthrough characteristics of the fabricated' transistor.
Additionally, it is to be appreciated that by forming ultra shallow tips 317
by solid-state diffusion, higher conductivity tips can be fabricated than
possible With present standard ion implantat_ion techniques. A higher
. conce.ntra_tion tip Eegion improves the device's performané:e and Iow‘ers
| the devices parasitic resistance.
| Next, as shbwn in Figure 3e, a seéOnd pair of sidewall spacers
318 are formed on deposited semiconductor material 314 and adjacent
to the outside edges'of'f_irst'sidewall spacer 310. Second sidewall
spacer 31 8 are preferably formed by anisotropically dry etching a
conforrhal layer of silicon nitride formed'by a hot wall process. Like
sidewall spacers 310, sécond sidewall spacer 318 can be formed by

any one of a variety of well-known techniques, if desired. Second
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over the entire device. The device is then tenperature cycled to cause a
reacti on between the deposited titanium/layer and any exposed silicon
surfaces (i.e., sem conductor material 314 on gate el ectrode 306 and
sem conductor material 314 on source/drain contact region 319) to form
titaniumsilicide 320 (i.e., TiSi[err]). It is to be appreciated that

titani um does not react with second sldewal | spacer 318. Next, a
sel ective etch I's used to renove the unreacted titaniumfrom
second sidewal | spasidewall spacers 318afb austhntiaily thidkenithen first isidedealB&Sacers
is to be appreciated that other refractory netals, such as
tungsten, can be us3tD andfase foraned to adhigRaess of between 5Qfi 2500 Wish 1800As
to be noted that second sidewall spacers 318 nust be - - forned

tEI ck enou%h to pre?@ﬁg Psfgqul‘ﬁ(ﬁe encroach;rgnt from el ect r| cal | y f
conpl et fon of the si 11 ci B P8 ae0um s et abufrallof b yabRisrataddis fon o
conpl ete. o StOr cofplétéd iy B G TRRY %é@éé@&'ﬁ%ﬁaﬁ’%ééﬁ% Yo et

preferred alternati t p 0 Fi gure
4 is a MOS transi stfg?mEBSn of sec@ﬁ‘@gfa E sqg('):v?}raggl éﬁ%ﬁ@tén uiq gtésehgl" Tow ti p

410 and a pair of paibgtaité ¥s éamé@téd toastandaré'éﬁb'v%m KNG i irfiBlaheationr ai n
contact regions 412. Transistor 400 is fabricated in the sane

manner as transi st canddfinaal whichdtpddntd patyge conductivitydiespuritiesdsich Bsgur es
3a - 3e and acconpanyi ng specification, respectively. After the
formation of sidevadorospimecepdsied sepicanilictor matenalﬁénedtfiusedcwml tion
of sem conduector material is used.to form second seni conduct or
material 420 onto tWQ'Q%E"@u@F%é@WCfﬂL\C&" shstyate 8@0. The ion implantation
sem conductor material 314 %& jicent to the outside edges

si dewal | spacers 318€RMRICEH FE% S RauUsFe/REIR copfact 1 lpegﬁng%ap-type

conductivity level of between 1 x 1019/cm3to 5 x 1020/cm3, and a
source/drain contact region 319 having a total thickness of between
0.15-0.25 um. 'Additionally, the ioﬁ implantation step can also be used
to dope polysilicon. gate electrode 306, if not previously doped during
polysilicon gate electrode 306 formation. It is to be appreciated that the
second sidewall spécers 318 must be formed thick and wide enough to
provide a sufﬁcierit hask to prevent the deep, high dose, ion
impléntation_ of the source/drain contact regions 31 9'from overwhelming
. the fabricated tip region 321.

Next, accord_ing to the preferred method of the present invention,
silicide 320 is formed by a self-aligned siliéide process (salicide) onto
deposited semicdnductor material 314 on source/drain' contact regions

~ 319 and onto deposited semicondudor material 314 formed on gate
electrode 306 to significantly reduce the devices contact resistance. In

the preferred salicide process'a titanium layer is first blanket deposited
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gate e %2 306. Second semiconductor material 420 i BCT®SHSEE760ni Ck
enough, between 100A to 1500A, and to a concentration |evel sufficient,
between 1 x 10[err]/cnferr] to 5 x 10[err]/cnferr], to provide an adequate
‘source/drain contact region 412 for the fabricated device. It is to be
appreciated that the resulting source/drain contact region 412 nust be
t hick enough to provide adequate insurance ggai nst netal contact

spi ki ng. Second sem conductor material 420 preferably forned of a
silicon/germani um al | oy doped with a p-type inpurity, such as boron, to
the desired cdYenihe W‘%{S?q’ Niee.. The devicepisiben tomperaiukedcydied tacausala

sidewal | spacer_318 needs tgo be formed.thjck enough to prevent
excessi ve IIC\)/I I |'8F°%%(b§8f“(%ﬁﬂ:ﬂ‘% gm%@eﬁ'tﬁﬁi% layer \ﬁg@rﬁ%ewed silicon
sem conduct or ' 4 , A 306 _.and therepy.
adversely eff es‘%%gégié%'i’ %g@%@%@n@g&(ﬁal gqg on-gate eclectr%je %6 and

cheni cal - rechagiigbndiRtbP adri LS sirdGaf] Bohket RfbRs1 9) to form hi's

time to renpbve second. sem conductor materia

surface of gattitarsilrrsinicide 3306(i.eN nsq?a.r Itti® to Béréb‘{)?eéié”'l@dttﬁ? ARf of the
fabricated transistor. Finally, a self-aligned-silicide (salicide) process
is usioestrotfreach with isecoled Sidlewatirspacer308.d Nt® s sbREtiFE Btgronduct or
material 420 and on top of sem conductor material 314 on top of gate

el ectrode 306.s used to remove the uRreaoted titanium foorosecondtsidewdll spaoeref a

preferred alternative - enbodi nent of the present invention. Figur
5 illustrat es%a%tﬁﬂ legve titanium siligigRR20. Nbis tor b gpptesiatgddhaii ather | ow i

i I hal | ' _ ion 510, T i stor 500 b
fabr i cat ed | nrefacOBy el Biones tungsted, Wnleised o lormpieRe d0. 1 nar
i d . i - . {0 i ted
Sem conduct or “okTRriERy "L 1%, Bp RRied flafRRBefo sidanal sedcdPs STB LB

formed thick enough to prevent silicide encroachment from 'électrically

shorting the gate electrbde to the source/drain contact regions. After
complétion of the silicide prdcess’, the preferred method of fabrication o'f
a novel transistor 340 with a low resistance ultra shallow tip region is
complete. | | | | |
Figure 4 is a cross-sectional view of a pre'ferred alternative
embodiment of the present invention. Figure _4 is a MOS tré'nsistor 400
- with a low resistance ultra shallow tip 410 and a pair of partia]ly raised |
_ shallow junction source/drain contact regions 412. Transistor 400 is
‘fabricated in the same manner as transistor 340 as illustrated and
describéd in Figures 3a - 3e and accdmpénying specification,
respectively-.- After the formation of sidewall spacers 31 8, a second
- selective deposition.of semiconductor material is used to form second
~ semiconductor material 420 onto thé top surtace of first deposited
semiconductor material 31_4 adjacent to the ou'tside edges of second

sidewall spacers 318 and on semiconductor material 314 formed on
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200A - 1000A doped to an p-type conductivity with a concentrati on.

between 1 x 10[err]/cnferr] to 1 x 10[err]/cnferr]. It is to be appreciated
t hat the preferred di mensions of the present invention are
relative to the top surface 526 of deposited sem conductor
material 524 which in this enmbodi nent is to be considered as the
top surface of sem conductor - substratel®00. It is to be

appreci ated that deposited sem conductor material 524 need not

necessarily be a gaigletediedBiBUSecond semicordUBIGOMELET=0420ES edinged tHitK
may be conprised of a plurality of differently : doped and different

sem conduct or nmt erioaigh, bBtwéend 160An0d500Aaasdso @ concentration 3@@e! esuffidiérits

i ncreased channel carrier nobili ty whi ch i nproves the - devi ces'
drive current and belveeniling19j¥ems to 5 x 1020/cm3, to pravidp.ae aglenyate
cross-sectional view of a.preferred _ alternative embodi nrent of the

present i nvent i on.SOBFERPERIR CORtAR regiondd2:ipring tabgrated device. ltgpip Bpth a

| [ | ha] | ' ' 10, ' 600

i Ttere fromthe dARsoRiecil e IERiniTG Satc b AP iTTRG 880N 412 mystihe i
t hat 312 ' ' ' |

hat " ccesses S12 s b T SHBGRBHEL e BaEE LR
sem conduct or nat &fjidh 3%(:’0%%‘?«%4)5&?:1%# ﬁﬁér‘iﬂ 28 ﬁr@féfréglpifé%éé‘b?a-

304 of sem conductor substrate 300. Al e remai ning fabfication
steps, as di scl osesilidon/dergirsm3diioy d}jpemﬁmmacwwwwitfspﬁm s dbraN) to
are utilized to conplete fabrication of transistor 600. It is to be
appreci at ed t hat whe ldesiredogductiviiydevel. deis todrelappreciated thataecoad
recessed.into substrate 300 so that the solid-state diffusion step nust
first drive p-typsidRualhspacrRivl g needs tbeyormed thickigoeugh to porvemtd t hen
nt al | beneath first sidewall spacer 310 to

ngt \s/iedtehgcrjng!agt 315 a;&é@ggﬁ’rﬁiﬁ'ﬁ%&% jtancer kom, develeping hetwaen &cPed st ance
semiconductor material 420 and gate electrode 306 and thereby
adve.rsely effecting device performancé. _

A chemical-mechanical polishing process 'is' preferably used at
this time to remove sécond semiconductor material 420 from the top
surface of gaté electrode 306 in order to improve ihe topography of the
fabricated trarisistor. Finally, a self-aligned-silicide (salicide) process is

“used to form silicide 320, onto second deposited semiconductor
- material 420 and on top of semiconductor material 314 on top of gaté
electrode 306. -

Figure 5 is a crb_ss-sectional view of a preferred alternative
embodiment of the presént inVention. Figure 5 illustrates a buried
channel MOS transistor 500 with a low resistance ultra shallow tip
region 510. Transistor 500 can be fabricafed in the same manner as
transistor 340 except that semiconductor Substr_ate 300 also includes a

top deposited semiconductor material 524 with a thickness between
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tipre 07284%8 of transistor 600. Al t hough such a -di f f uUBCTIISI16T68SsS has

been shown to produce high perfornmance devices, the junction of the

ultra shallow | ow resistance tip region 610 is not as abrupt as when -
dopants are diffused in a single direction froma sem conductor nateri al
partially recessed into substrate 300. Although transistor 600 does not

have as an abrupt of an ultra shallow tip region as other enbodi nents,

the renpval of the recess step does decread® process conplexity and

costs. o, - Many alternative enbodi nents and specifics of the
pr esent 200A - i1A08Atdapedhiavan pdype ¢onductivityt, withhamoacentratiorski | | ed i n
the art wll a%%ecisate t ha; many of the features in .one
enbodi nent arRetwggall y 107//cm3to 15301 YamPe Itis tebeappreiatachthat the

Addi tional Iy, although r ific . . di i C terials, and

a1 o B Ao dRn B i prosent vegtion fS Filo Biaioenr ot vd ot

Lo he taken HuridcR 2% 8P aended enRon8ltor materia52d WHIH I i Ohe a1t Wi
.o t t . .' . . . . ’ .

Thventi on 1o Trpaimdnt is f BETchekRfod pR 1R P Suflacd f b iRRMGr .

present i nvergubetrate 300! If i8itemEesbireciated thEt beposited E@mﬂ%ﬂtbbf& descri ption

of the present invention and rather is to be determ ned he cl ai ns '
whi ch fol | ow.material 524 need not necesBhtlly, b avsthglertisraogémsus Wi th | ow '

resi stance ultra shallow tip © regions.and their methods of
fabrication ragmicoe@wctqememcibut may be comprised of a plurality of differently ‘
doped and different semicondLlctor materials. Buried channel transistor
500 .exhib.its increased channel carrier mobility which impkovés the
devices' drive current and switching speed.
Figure 6 is a cross-sectional view of a preferred alternative
- embodiment of the present invention. Figure 6 shows an MOS transistor
600 with a low resistance uttra shallow tip region 610. Transistor 600
differs from the other disclosed embodiments of'the'presen't invention, in
that recesses 312.are not formed-in: semiConductor substrate 300 prior -
to selecti‘ile semicond.uctor material 319 deposition. Instead,
semic_onductor material 314 is depo:Sited direétly onto the top surface
304 of semiconductor substrate 300. All of the remaining fabrication
steps, as disclosed in Figures 3b - 3f and accompanying specification,
are. utilized to complete fabrication of transistor 600. It is to be
appreciated that with transistor 600 no semiconductor material is
recessed into subétrate 300 so _that the SOIid-'sté't:e'd'iffusion step must
first drive p-type dopants down (vertically) into substrate 300 and then
drive them léterally (horizontally) beneath first sidéwall' spacer 310 to

outside edge's of gate electrode 306 to form ultra shallow low resistance



222 1. A nethod of formng a transistor conprising the steps of:
form ng a gHOI6PIM9ectric | ayer on a first surface of seni coRCDUSEN16760

substrat e; ' formng a gate electrode on said gate dielectric |ayer;
formng a first pair of sidewall spacers adjacent to opposite sides of
said gate el ectrode; formng a pair of recesses in said

sem conduct or substrate beneath said first surface and in alignment with

t he outside edges of said first pair of sidewall spacers; and

forming a first semiconductor material in said ®hir of recesses to forma
pair of source/drain regions. 2. The met hod of claim1 further
conpri sing the st eyp edgion 610 of thrfsisisr 800.ddlthough Suomasgdiffdsibnisocess has

sem conductor nmaterial into said substrate beneath said first pair of said
si dewal | spacers. been shownio produge:higbtpartprotanceadevices; the juncticogbthei ng -
the step of: forming a second pair of sidewall ‘'spacers on said f.irst
sem conduct or nat eultralsfb?d!p%c'emrqwﬁt@ BRiregiga 6d@js nayRsANHPY 2§ WhePai r of

si dewal | spacers. m 3 further, conprisi|

the step of: doRasus @a{é FFH"{S&}?;I'ﬁi%@Bgﬁﬁéﬁtﬂ@g{%@rﬁémspﬂﬁ@ﬂgg!

and a1 U051 2t cobrtafl AERBH o' ypane Hos AoBRGRatoAeh o BBBRACRT L

?Lret ﬁgfoilotme)?i gynéﬁ%\f}éeﬁg{ag;ﬁ%%%fan ultra shalld¥ .tip régien'BY GYher @mbodfthEht3,
the removal of the recess step does decrease process complexity and
costs. | |

Many alternatiVé embodiments and Specifics of the present

invention have been described, hoWever. one skilled in the art will
appreciate that many of the features in one embodiment are equally
applicable to other embodiments. "Additionally, although many specific
dimensions,' materials, and concentrations have been described, it is to
be appreciated that these specific dimensions, materials, and
concentrations are not to be taken as Iimiting. Additionally, one skilled
inkthe art will appreciate the ability to scale the transistor of the present
invention to form both larger and smaller devices. The scope of the
present invention is not ihténded to be limited to the detailed description

of the present invention and rather is to be determined by the claims

which follow.

Thus, novel transistors with low resistance ultra shallow tip

regioﬁs and their methods of fabrication have been described.
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- 23 - form ng silTicideomr——sai d sem conductor material in alignnent '
wWth t ygle ed. S nd pair of sidewall . 7.
The nemgwoo?gfl ai mmmm’@mﬂiﬁﬂ‘ sing the step of: %q-ﬁ?sr’%f)‘rm ng a
second semni conduct or* mat et | 1 d first sem conduct or mat eri al )
in alignment with the outside edges of said second pair of sidewall

spacers. 8. The nmethod of claim7 further conprising the step

of : - formng silicide on said second seni conductor material.

9. " A nethod of forming a transistor conpkising the steps of:

formng a gate dielectric layer on a sem conductor substrate;

formng a gatme-i-ﬁgtr dRIIﬁg said gate dielectric layer; formng a
first pair OfTi"d‘EW&'IQS‘pH‘CGrS adj acent to opposite sides of said gate

el ectrode; forming a first doped senmiconductor material on said

sem conductor substrate in alignment with the outside edges of said first

si dewal | spacers; We claim:di f fusi ng dopants fromsaid first sem conductor
material into said substrate beneath said first pair of sidewall spacers to

forma pair of tip regions; - formng a second pair of sidewall
spacers on sai d filtstA swthodofitorining eettaTsisior estnprising the stéps ¢fut si de edges
of said first pair of sidewall spacers; and implanting ions into

sai d semni conduct or nat efdralingadgateidielectistayaren a fisdtisyrfacatofwi t h t he

out si de edges of said second pair of sidewall spacers to form source/drain
cont act regi of@miconductor subgtratgie nethod of claim 9 wherein said first pair
of spacers are between 50 ANGSTROM - 500 NGSTR&/I . 11. The net hod of
claim9 wherein said i ofP TV 24316 8l8C1Qa8,00 §pickoatg; dielgstric 1aVRGt r ode. (

forming a first pair of sidewall spacers adjacent to opposite
sides of said gate electrode; -

- forming a pair of recesses in said semiconductor substrate
in alignment with the outside edges of said first pair of sidewall spacers;
and |

forming a first semiconductor material in séid pair of

recesses.

2. The method of claim 1 further comprising the step of:
- diffusing dopants from said first semiconductor material

into said substrate beneath said first pair of said sidewall spacers.

3. The method of claim 2 further comprising the step of:
forming a second pair of sidewall spacers on said first
semiconductor material adjacent to the outside edges of said first pair of

sidewall spacers.

-
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12. ~ The nethod of claim9 further conprising the step of [err]

- 24 - WO 96{2049%; ngsmllllmll “ﬂﬁlli&u first seni conductor RET/ERISA6TGN
alignnent with the out b second pair of sidewall spacers.
13 The nethod of clai'm$ fhrther® corrpr|S| ng the step of: form ng
a second sem conductor material on said first said sem conductor materi al
in alignment with the outside edges of said second pair of sidewall
spacers. : 14. The nethod of claim 13 further conprising the step
of: forming silicide on said second sem conduc2dr naterial . 15.

A transi stor conprising: a gate dielectric layer fornmed on said
first surface of a semdconkhemethodiokeiam &;further comprigingdhelstept olode f or ned
on said gate dielectric |ayer; a first pair of sidewall spacers

adj acent to and on opposite demtlm iNs mttgaal@l fé’Sb%thm@dUCtOf matesial andt
pair of ultra shallow tip regjons forned sem‘conduct or

substrate and ext ef@IArybstata i alignraent “P"&'? trkpdpyts@e edgps\al $aid sesend paiP!
opposite sides of said gate electrode; a pair of raised tip regions
formed in ali gnnen?%\ﬁ"'ta% RAECHUL si de edges of said first pair of said

si dewal | spacers wherein said pair of raised tip regions conprise a first
deposited sem conductor material with the least a portion of said

semi conductor material gabope ﬁf@%&@éﬂﬁaﬁﬁ'ﬂwﬁéfeﬁ S§H|5ﬁ$%r€f§e§?§§9? b¥t

sem conduct or substrate The transistor o

conprising: a seconﬁp@mgt.cmf si dewal | spacers formed adjacent to the
out si de edges of said first pair of spacers, said second pair of sidewall
spacers formed on said pair of raised tip regions.

6. The method of claim 3-further comprising the step of:
| forming silicide on said semiconductor material in
alignment with the outside edges of said second pair of sidewall

spacers.

7. The method of claim 3 further comprising the step of:
~ forming a second semiconductor material on said first
semiconductor material in alignment with the outside edges of said

second pair of sidewall spacers.

8. The method of claim 7 further comprising the step of:

forming silicide on said second semiconductor material.

9. A method of forming a transistor comprising the steps of:
forming a gate dielectric layer on a semiconductor
substrate; |

forming a gate electrode on said gate dielectric layer;

——
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17. The tran5| st_er_ef—el—aem—].—S—f—eH—her conpri si ng:

25 air of source/drain contact regions f g ' | i gnment
: W|th sa a2 second pa:mu u m IlL llacers, said pair ofpéglﬁ %’{é‘%@ai n _
contact regions for ai d substrate than said pair of raised
tip regions. The transistor of claim16 further conpri si ng
silicide fornmed on sald pair of source/drain contact regions and on
said gate el ectrode: 19. The transistor of claim16 further
conprising a second sem conduct or naterialségrned on said first deposited
sem conductor material adjacent to the out e edges of said second pair of
spacers. 20. The transjstor, of claim19 further conprising

silicide formed on sai d osmingiadiest Rainef sidewallspacerg adjacent to opposite The

transi stor of cl,ai d pair of raised tip regions conprise
deposi ted pol y§'pﬁ§?5ﬁa'dmate elect%ée The transistor of clai m 15 wher ei n

Sicon %05 PR P SFsCmRBRUYER, Bl L¥EHC. | "G

raised tip regéé}ﬂﬁoﬁﬂ dr%‘ﬁbgfig@mtéi@nﬁie‘dt tﬂ@rdﬂiélw@ Q‘di Bﬂ*’ft&

24. The transistor o I'al m In said first palr ewa spacers
are between apgdewallapalcsrs; @nNGSTROM - 500 ANGSTROM t hi ck.

diffusing dopants from said first semiconductor materlal

into said substrate beneath said first pair of sidewall spacers.

10. The method of claim 9 further b_orhprising the step of:
forming a second pair of sidewall spacers on éaid first
semiconductor material adjacent to the outside edges of said first pair of

sidewall spacers.

11. The method of claim 10 further comprising the step of:
implariting ions into said semiconductor material and said
 substrate in alignment with the outside edges of said second pair of

sidewall spacers.

12. The method of claim 10 further comprising the step of:
forming silicide on said first semiconductor material in
alignment with the outside edges of said second pair of sidewall

spacers.

13. The method of claim 10 further comprising the step of;
| forming a second semiconductor material on said first said

‘“‘“‘;~;~‘\~‘\_\“‘
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spacers ar V@304 apprft STROM - 2500 ANGSTRAMTEAIS/6760

26.. The transistor of said pair of raised tip regions
ext end between appr oxi rrately 20 A G§TR@\/I 1000 ANGSTROM beneat h said first
surface of said semi conductor substrate.

- 26 - 27. The transistor of claim15 wherein said pair of ultra
shal low tip regions have a depth between 20 ANGSTROM - 100 ANGSTROM beneat h
said first surface of said sem conductor substr@6e and a | ength of great er
than 100 ANGSTROM 28. A nethod of formng a transistor
conprising the steggmi¢onductor maié?faﬂmﬂlrghrﬁéﬁtewﬂh eheoltside bayes oPBaid first
surface of a sem conductor substrate; form ng a gate el ectrode on

sai d gate diel ectrisecony pair of sidewall §pacersg a pair of recesses in
sem conduct or. substrate on opposite sides of said gate el ectrode; and

25." The transi stor of @ wherer n said second pair of sidewall

formng a pair of source/drain regions through said recesses 29.
A nmethod of form ng a transi stor corr})ri.sin%nfthe st eps : formng a
gate el ectrode on a gat¥- dT'é?ElﬂtW@ glgim 1 Uth-‘W@mPgﬁiﬂde%StﬁP af:

sem conduct or substrate; ) n dewal | acers adj acent
to opposite side of said gat éorg?lgg l?(& sath Qﬂdrﬁ?@'cgnﬂﬂg tor fpatppghsses
in said sem conductor substrate in alignnment with the outside edge of said

first pair of sidewall spacers and . formng a pair of source/drain
regi ons through said p ftrérﬁfﬁﬁrsgérnpnsmg 30. A nethod of formng a
transistor conprising t e steps o formng a gate el ectrode on a

gate dielectric layer of a serp#eiéleétic layer formed on a first surface of a -

semiconductor substrate;

a gate electrode formed on said gate dielectric’layer;

~ afirst pair of sidewall spacers adjacent to and on opposite

sides of said gate .electrode; |

a first pair of source/drain regions formed in said
semiconductor substrate and extending beneath said first pair of
sidewall spacers and opposite sides of said gate electrode; |

a second pair of source/drain regions formed in alignment
with the outside edges of said first pair of said sidewall spacers wherein
said second pair of source/drain regions comprise a first deposited
semiconductor material with at least a portion of said semiconductor

| .material above said first surface of said semiconductor substrate.
16. The transistor of claim 15 wherein said first deposited
semlconductor material extends below said first surface of said

semlconductor substrate

17. The transistor of claim 15 further comprising:

\
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substrate; f ormnRg—a-—palr of recesses in said sem conductor
substr% p05|t7 si des of said gate el ectrode; and ~ formng a

pair of 63‘8?”@ drain ’"m’(ml "m"'mm")alr of recesses. PZC;I‘/US95116760 - 'The_

PCT/ US 95/ 16760
transi stor of claim 15 wher&in"sa d* pair of raised tip regions conprise
deposited silicon/germani um sem conduct or . 25. The transistor of
claim 15 wherein said first pair of sidewall spacers are between

approxi mately 50A - 500A thick. 26. The transistor of claim15
wherein said second pair of sidewall spacerQGare bet ween appr oxi mat el y- 500A
- 2500A thi ck. : 27. The transistor of claim 15 wherein said second

pair of source/drain regissecorxt paidobsidenal spRosTormba ladjakeht to theP00A
beneath said first surface of said sem conductor substrate. 28.

The transi stor outside sidges ®f wai fiish paiod spacers, saidfsecbnd paircef/ sidewall r egi ons
have a depth between 20A - 1000A beneath said first surface of said

seni conduct or §0BEEISFOEMEH Presqig ReCANd Palf of-aasrca/Heain regions. 29. A
met hod of formng a transistor conprising the steps of: form ng
a gate dielectric layer on a first surface of a sem conductor substrate;

formng a gate el ec ) id gate dielegtric |layer: form ng
a pair of recesses ﬁf@%@&%@kﬁft rctlag%igk (?r?"'tﬂf J¥'t e sides of said
gate el ectrode; and ; : ] LT ons
Phr ough sai d r ecesses. a third pdiP6fS8c8/didh reafon§%ﬁﬁ§é #H 2lighrh&&t

with_ said second pair of sidewall spacers, said third pair of source/drain

regions thicker than said second pair of source/drain regions. ‘

' 19. The transistor of ciaim 17 further comprising silicide formed on

said third péir of source/drain regions and on said gate electrode.

20. The transistor of claim 16 further comprising semiconductor
material formed on said first deposited semiconductor material adjacént

to the 6utside edges of said second pair of spacers.

21. The transnstor of claim 19 further compnsmg silicide formed on

said’ undoped semlconductor matenal

22. The transistor of claim 15 wherein said se_cond péir of

sourc_:e/drain regions comprise deposited polysilicon.

23. The transistor of claim 15 wherein said second pair of

source/drain regions comprise deposited Single crystalline silicon.

_—
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30." A method of forni ng a | 1sing the steps of:
form ng a g¥PA6/2048%+¢ r ode Hﬁlﬁmhmnwﬁj&‘ln c layer on a fi PEIUSINEEE of a
Tk [ L ]

semi conduct or substrate; g a pair of sidewall spacers

adj acent to opposite side of said gate el ectrode; formng a pair
of recesses in said sem conductor substrate in alignnent with the outside
edge of said first pair of sidewall spacers; and formng a pair
of source/drain regions through said pair of recesses. 31. A nethod
of formng a transistor conprising the steps of 27 - formng a

gate electrode on a gate dielectric |ayer of a sem conductor substrate,;

forming a pair of receasThe transidteraficlalndts whersit ¥aid sécordpalppbsi t e
sides of said gate el ectrode; and formng a pair of
sour ce/ drai n regi osource/dwinl regions ebmprisesdapasited silicon/germanium

semiconductor.

25. The transistor of claim 15 wherein said first pair of sidewall

spacers are between approximately 50A - 500A thick.

26. The transistor of claim 15 wherein said second pair of sidewall

spacers are between approximately 500A - 25004 thick.

27. The transistor of claim 15 wherein said second pair of
source/drain regions éxt'end between approximately 20A - 1000A

beneath said first surface of said semiconductor substrate.

28. The transistor of claim 15 wherein said first pair of
source/drain regions have a depth between 20A - 1000A beneath said
first surface of said semiconductor substrate and a length of greater

than 100A. .
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