; hi e3eR&0. 6T&I@R 8 APR 200g REDUCTI ON OF REVERSE SHORT CHANNEL EFFECTS
BACKGROUND OF TI-1E 1INVENTI ON The present invention rel ates gel?gangtsmolr
sem conduct or devices and specifically to reverse short channel™ ef t
occurring in sem conductor devices. The trend of. decreasing feature size in
sem conductor integrated circuits has |kd to devices with channel |engths
approaching 0,05 mcrons. As the effective channel length (Lea.) decreases,
however, the gate voltage at which the conductivity of the channel is

inverted and CO”dUCtREDWWI@OFI{WERQE%?{@]&Q@A]&@%@ EFHL gases above

the theoretically predicted level. Figure e in voltage,
or reverse short channel effect (RSCE), which is generally an undesirable

effect. Th S ine in Figure 1 represents an ideal channel
conduct i vi Eﬁ(@eﬁg&@&% ‘éli&al&éﬂibdmbée. The tendency towards higher

threshol d vol t ag@g pWLh - | ength reverses at sonme point,
and the threshol d§\171(’)l‘,|s£:r§ée Flgggeq%F ?E%rgﬁ P E%H%FS}OJU?FH@%IGW stteaifieabetoi n

t hr eshol d xevktsagborit sharmbpeffass 6&uﬂ’ﬁ1§iﬂ%eﬁﬁ@nﬁuﬁ%sef fect (SCE).
Conventi onal | y,ggs action is taken to reduce the , the SCE worsens,

which is an undd8f f15ad ef desreasing featurstsizecin seitvendBET infgaearsinldin Hae|dgyed
to be causg%iéég x?xtl]i e nﬁ':eal oxi de ‘gg?n‘i ﬁondu,ctor field effect transistors
(NMOSFETs) by pil e- u‘E“BF At ABPaaER® A Oarmickense dgethe ffetteveschanne Iangh

drain, I d ' i but i . t h h I
i o | n FETS i Sporievd, WKRE VORREE P hBlch Bl coRRuTEi o berenpnegie

i ons in tHeVertRgansl condyitom drasrsbethn thissthld Goltlpt MRt reh@ R by
‘reduci ng tﬁ}ﬁdiic{gﬁal% og. boron pile-up in the ctk%annelrerea.lﬁlgﬁ%éqﬁ%g[eﬁgﬁmgﬁ:}g
t echni que X hat “has Be W%&SH@%%%@%@@ VAB2IRSOE réverseEshorti chahhe effect
i npl ant at i (@ISCH), GRICHR 4B LA uhi&;i r rain,regions of the FET.
Figure 2 shows a cross-se_c?t ?onuo éﬁ%ﬁﬁcggﬁgggﬁeg IIQF%H}%gU‘ieﬂ KRRiceeNts il | ow
ger mani um!figadichanng! pondvativitpbemvionGon paedidedcént o t he source 18 and drain
20 regions. A e .silicon bsirate 12 2 8 AP R 200g 2 conprises a
gate 14 di sposclca)ral‘E %%ngelbcgttg‘”&%fsgl@gég heldt ebiagesswith wigkteaspinclerrme L Ganglihe
source 1 rewdskschtalome2tbif hhesho hal | gw. ger manj um i npl ants 22
chat are forned to prgl\g/belnt ajt he Rg%ﬁ%i‘gﬁ@@rﬁ%. c(?)rﬁ ﬁf) e@%ﬁ?ﬂ?f’gg’- usig suddereduce
t he RSCE, dserf@seerin Hueshobluiottegadsi teforel tcprgcgcelﬁesIsﬂgnsél%ﬁglg%‘?%ggslﬁ?ﬂse

unwant ed l..effects on the performance of the devi
needed i n@ﬁlgg{étr?ér?%n - 85 Al tF%?n foatsPesathefRSGE sthei En corsams, dhaichcie drhat

does not sufiésimabler @MaRETEStect

The RSCE is generally believed to be caused in n-type metal oxide semiconductor
field effect transistors (NMOSFETs) by pile-up of threshold boron at the edge of the source
and drain, as well as generally uneven boron distribution across the channel region in FETs
with short channels. Supplemental implantation of p-type ions in the channe] region has
been used to attempt to prevent the RSCE by reducing the impact of boron pile-up in the
channel region;

Another te?hnique that has been employed to reduce the RSCE in FETs is the
implantation of germanium into the source and drain regions of the FET. Figure 2 shows
a cross-section of an NFET generally at 10, in which shallow germanium implants 22 have

been incorporated into the source 18 and drain 20 regions. A p-type silicon substrate 12
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BRI EF SUMVARY OF THE | NVENTI ON The present invention is a semn conductor

devi ce conprising a sem conductor substrate, a first diffusi QnérA@RrQ(QOIf

di sposed in said substrate, a second diffusion regi-on disposed in sai

substrate, a channel region disposed between said first diffusion region

and said second diffusion region, a gat7e oxi de di sposed on said

sem conductor substrate over said channel region and overlapping said first

di ffusion region and said second diffusion region, a gate el ectrode

di sposed oforspiisksgagaze QX4 idigoséiéh & o Al 1 994 jf & usi inpl ant

di sposed thr oughﬁogl?g sai d substrat ef’ﬁ]tgg)ithcrj&nleut r gjl%égéﬁlagrﬁ@aa?ﬁpﬂg‘rp%ﬁgi mI"&nt

havi ng a p¥aRCchyitedslzinll drffiseinswacidiase flialloty giihiniamamplae oNLang. 8214y

second di ftfgﬁie‘(pn“ﬁe &3 The process for making said device conprises
P PERACE

form ng an' a sem conductor substrate of a first conductivity

type, bl anket-igph i Nt ihd substrate to forma
neutral dopant _irrp\laézgltrt1ll'tO fmftgcrrln gEgéegggg@dgk%t:}}%r@aczégww§§?rdcad¥%‘érq%iﬂéfrl(?naénd,
i mpl ant i ngProeessing stepslantt @infca i inOAsted 0bI0ats@l St | ess
than the %ﬁ@%p ate%n',ch a peak concentration of @itg@%ez{&n%ﬁﬁ%e?n&?%ﬁleéﬁ?e'
occurs. B Big iteerors apmethoAyy fiadcaring asemsemkiuctoy dnticomatidds fapw be
descri bed, syl #8¥ ﬁgcgéarrpl e only, with reference to the acconpanyi ng

drawi ngs which are neant to be exenplary, not limting, and wherein like

el ements are nunbered alike in several FIGURES, in which: 2 8 AP R 2004

3 FIGURE 1. is a graph_showi ng the reverse short channel effect and the
short chamFeg,MY@F IVENTIONr oss- secti on of FET showing a
conventional g i igplant within.the source and drain; FIGURE 3 is a
cross-section ?H%B%Ac}g etr{g'g%@éqneﬁ WSFW’%’HS'(B%PHée‘flﬁﬁj/épnwmlinggﬁ gemiveniuctor

dopi ng; FlsGuiRfatd 4 $ird dGffessn $865H4 Apaiedt he Figure 3. after doping;
FIGURE 5 is cross-section of ﬁi}e water oﬁtﬂ %B‘?{%trﬁ{eafate”%agﬁfsmgl% and
sour ce and!WOsEHNGeigisHbstrar, @oRENB! iegica dispaptd shovimgid et iglLabi Y&isopant
concent r athQng 4y SRR SIbodi ment  of tdhe.FET; FIGJRE 7 is a cross-section of
a FET undergoing ger manrdrsPhpt 8t S¥idsHlishossd on ¢d semicerductateubstraadyer

formed on stidechamhd @egion @hd oeehppiil dRERB USTRIEH 2 @ SHAWL G LS, | ?”Ct | on
of the RSCE .without a consequerﬁp V\glc)%rdseni ng OL?Sl(?heQ Bﬁtﬁﬁ\ggf&gseﬁ%d Wef Yy1on
ger mani um Y- &ridle gectrqde R poREIGm i @iNe ORdEHEd b NYERNTIdEPhnt diffusion implant
disposed throughout said substrate, said neutral dopant diffusion implant having a peak
concentration below said first diffusion region and said second diffusion region.
The process for making said device comprises forming an oxide layer on a
semiconductor substrate of a first conductivity type, blanket-implanting a neutral
dopant into said substrate to form a neutral dopant implant, forming a gate electrode on said

oxide layer, and, implanting source and drain regions into said substrate to a depth less than

the depth at which a peak concentration of said germanium implant occurs.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described, by way of example only, with reference
to the accompanying drawings which are meant to be exemplary, not limiting, and wherein

like elements are numbered alike in several FIGURES, in which:



The sem conductor device described herein has a neutral dopant inplant,
such as germanium forned with a peak concentration bel ow the SQJECA}}}S;ZDQI'_
drain regions. The germaniuminplant is preferably inplanted before so .
drain, and gate formation, but inpl antg{/i on after source, drain, and gate
formation is possible. The resulting device, which can be a FET, is not
subject to reverse short channel effects, and the inplant causes no
degradati on of short channel effects. Although the figures and the

foll owi ng descripGURE fjsscd j [ ' Lment for
clarity, those skill edggsﬁrﬁgﬁgﬁgﬁ% l:“ﬁ%é#??@f@ﬁfﬁé&%@ﬂ?iSlbqiE flannel
appl i cabl e¢tléclot her semi conductor devi ces having gate control |ed 2 8 APR
2004 4 diffusi o% {}ﬁg{lﬁ)gs For exanple, a PFET can be formed by reversing

t he dopi ng pol afi ADMCFIFE-SREN ofdiish growimes spnyengiondvgernafiuguingpldnt an
NFET has avwRebiy R sSlifckGal dff8 ©n 12 on which an oxide |ayer 23 has been
deposited or grown using conventional nethods. The p-type silicon region 12

can be a doped FOGUREYStigld ich@sWedtR 606 wakr Wavkad Gt SE0iBe N NFEL:
application, or a well of p-type silicon formed by ion inplantat o 88an

n-type sil Be@mngEmdening; be used in the NFET portion of a CMOS application.
The oxi de | ayer i eneral ly for W t.h .initial thickness of from
about 0.04 to agm.zg’é %rgﬁb%gglownftﬁeg/a#q{iog%%g@ aftednping;0. 05 ni crons
preferred. The PIGURE Sislci@:8Redtfo dthelfaferBr B ' idyhg dopant
such as boron to an initial concentrat‘%%n o%ﬁ%u%chg%%rﬁ%{era}ggﬁ&%@@ou%e
at ons/ cnB, 2id dngimadening;3 x 10" at ons/ cnB preferred. The neutral dopant

i nplant is pref i.npl anted with enough energy to forma peak neutral
dopant concent rgi‘?‘?ﬁéi%%ﬁ@% Qying edﬁ}af‘%"ed%fl%‘iﬂ*ﬁp@ﬂf%twgs Bouecabadinttie
drain diffoftheBmpl ants which are inplanted in a later step. Al though any
neutral dopant can be used, such as silicon or germanium germaniumis the

preferred neut r BIGUBBahis a oressenetiantlcdlFEE nhderpbiag gerima@hn fnpfantARinadiey t o
forma pea a, dept.h qof .about 0,10 o about 0.50 mcrons, with a depth of
about 0. 15§att§%laeﬁgﬂ?£ﬁr‘?gyﬁ‘?r&%1rf’s" the exidedaysr; add a depth of about 0.20 to
about 0.25 mi cr BIGUREREH 2blaphRhehiY & redidil e ARl um
concentration of about 1 OEQ%CM 3 t(%rabéﬁ@cglgg%lfé}lﬁ)er|§§g%?\§/ﬂg?lgfae??’589”%tth a
concent r at Versering b thet SAR foresEE mathl aygepmehiant iashlanthe ger mani um
concentration at the surface of the p-type silicon region 12 is preferably
about 10" cm 3 to about 10'9 cm 3, wth a concentration of about 10'8 cm 3
especi al 'y pref erredDETRal BBV DBSCRIM OOREOR AL h@%ﬁ%ﬁb}fry in any manner
bet ween the surface of the p-type silicon region 12 and the peak
concentration, but a logarithmc variation is preferred (see, for exanple,
Figure 6). In order to formthe germaniuminplant at the correct depth and
concentration, the germaniumions can be inplanted, for exanple, with from
about 230 to abBhd sehiRokdiéter dedteesdribed herfin hes ARANEAl 40pHit § 0
preferably w.th about 245 to about 255 keV at about laO' ?paglr%%gbfagt’ggg%?s 10'5
cm z. 2 8T mpmup dgrmsed-with mepeak shosentration belowstbe sowrne afid tiagn Npfonsal T¢

i mpl ant at i : ' he, di.st ance "x' ~ represents the di stance from
the surf ac%?lg? irlltu ﬁ{;ﬁ‘?ﬁ%ﬁg} pg%?riagg' ﬁlquadﬁ%%be?iﬁretsﬂ@p e%ﬁme 8nt entertarmatipnobut he
ger mani umimpidmation after skamed, dhes andpue forfﬂ&ﬁoﬂ%%%@blbi The %@ulfiﬁ%é%ﬁ?epgy[ Ii%ﬂe

eak concentration depth. The germanium co

ger mani um i rr%lsant ij) _
decr eases 9°R Bt KE i st iswhigctite aaverseeshortadhanusl effetts adridothedantlint 26usda i ance

"x" can b . results in .an rQpri ate._gerpani um

concentr aﬁegfr?é?%r{laé ﬂgsliogﬁ%}%ag{nglae:fgc FS?; @H@“&ﬁ%ﬁgurﬁé gidHedpliowingniesariptiond

pr ef er abl yisthsseahy ahwentias ikl as F ' f @&, N h9qfd gure 5. . the
NFET is shown after gate format i%,@mgﬁ%’l‘ﬁgegbﬁe&%rﬁg, P g?#lgg%il%g?e %‘Egt‘gﬂl

f or mat i on TP&lizséhdt dratavention fpppkitdbl kioottrer seiboridyoms devious halieg gae@oddolfian be
a polysilicon gate. Prior to gate formation, the oxide layer 23 "is
patterned and etched to result in a gate oxide with a thickness of about 4
to about 11 manoneters. A polysilicon layer is then fornmed, patterned, and
etched, to result in a polysilicon gate 14 having a thickness of about 100
to about 200 manoneters. Once the gate 14 has been forned, the source 18
and the drain 20 diffusion regions can be doped. lon inplantation of the
source 18 and drain 20 with an n-type inpuriy results in an ion
concentration of about 10'9 to about 10z, with a concentrati on of about
1020 preferred. Source 18 and drain 20 regions are preferably inplanted to
a depth of |less than about 0.15 mcrons, with a depth of |ess than about
0.10 mcrons especially preferred. Side wall spacers 16 conprising oxide or
nitride can optionally be forned on the sides of the gate 14 in order to
forma second inplant (not shown) in the source 18 and the drain 20. At

e e N o o o - A~ - ~ N



preferably forned deeper in the wafer than are the source and drai n

inplants. In the NFCT descri bed above, the source and drain inpl /@J ml'_
n-type ion, and the wafer ion is a ptype ion. The concentrations and e}gt
shown in Figure 6 and described above are exenplary, and one skilled in the
art will realize that alternative dopi ﬂfg concentrations and inplantation
depths are possible and within the scope of this invention. Inportantly,

t he germani um can be inplanted at any stage of the NFET fabrication process
bef ore sougg n , m can o

ol ant od. peram e PR T AT R Ty e BB Ao b G SR b BRI ¢ he
gat e el ect fronethd FEHI gaisien7 shows the germani um i npl antation step being
performed after_the gate 14 has already been formed. In order to
effectively i rrpRﬁf?fmﬂm’éO\g@rfrmnﬁ dranuNdET hasteep- g@t:ellmdn regidnhi ophaliBk hn bLigk on,

th | ant ed. at h Fi 7
ol ant at 1 BrO RIS g e P PR e o be et gg?mgﬁ)l'nréﬁdllcg%zgg@oof
i mpl ant at i Wcanbea cﬂf}b&ﬂ%n@ﬂ?y‘sfmhﬁ%a el?‘hs';@oﬁ)lﬁ b'e”?écﬂ taﬁe T @R}Jﬁg?ﬁe riog(r:gfs

18 and drain 20 have been f orned, ore or affer
16 have bekWeH 6f prtyhe sili¢amfotthed byrmhamphhtaunnbéaﬂnmtymasllm\&@ wol]d # béJﬁhre@ u?

The blanke tio romaniumin the p-type substrate inhibits
boron pi | ehﬁﬁqﬁp(gﬁ%ﬁg? %{I\ﬂggﬁﬁpgﬁa@ﬁﬁym% pide fayer %\ﬁlﬁ(ﬁenqaﬂhé)rﬁfﬁﬁﬁwﬂﬂyamt

| east 15 device t ure 8 is a
ar aph 1 hat L iciBles B For CHRRLR 0N Ao DRSBIeHS o 18 dasReh of pBevien

i npl ant ed mIéEiI'nsqireﬁehedpﬂ‘hsprtypd $IMEdH rieBidn WR Ichn Be & \demﬂ@ ng
t he germarh um i npl ant.. The NFET with tglhe gernanl(lsjﬁr%l ﬁ%pe%ﬁé—mréggfe}ﬁ ed
t

by the dotJo5eP 1q sinitialecongentrasiongtidid 0' raalyeatt 219 éetomsécm em@bomo:ml@se to
an i deal Ia@Mﬁg/len@bréfg@e(ger mani um i npl anted NFET. The short channel effect,
however, does not worsen with the germaniuminplant. The NFET descri bed

above has t he abheamdutig dofard imp@nt fsi prefatably igduaed wildbsgh Shogy (Fhagne!
effect, wthgpeqt%imnsurate degradati on of the short channel ef%ect or

ot her cri tA°8 Hy C%‘fcePHéUNPETth‘éWfﬁt‘@eIOWH@ boitteg & tigesowarei andithe drain

| t at { t
St andard Mo o Arp@ ERaE hPERIRTh Ay AN iR ALt akegen b
enbodi nentusedzuech beaﬂlcsimmgeaﬂaindm géin@thim @ﬁthb%eﬁ&ﬂhédt%ﬁb D%, affone

substltutlo sé)dma%H %Bmade thereto without departing fromthe spirit and
scope of © HOEH ihs germaripinds Haplpnted fo fosmtagpagk atimdepth obabbut Bal0 toladout

present i T(DVSﬂ"'ﬁh&anh%tlp§ ntggﬁ%bﬁ%jlip MV 050 [rrllgrg)f}% hgeffcler?q% ggé aﬁ:@g{}{gf EgCh

illustrations and énb are been di'sc
const r ued aheut] POt imgibbot O ahiatons . espec2a1!3/ PréPeie 2008 SnMHATaK ScRhANED | S:

1. A proc fac ;n a sem conduct or device having a gate forned
on, and dl% %esn?r 0?8 b(9H lo?‘%e@q%ﬁ“t]é) lscé}n‘EBWBE’JE@F‘OW”B&b@tqeaftr@tlortdf@bputocess

conpri si ng0*kekpstkaty proRbRat Th gﬁlﬂlﬁHﬁr{ @dncgﬁpﬁib al &%guﬁﬂﬁgoﬁ %ﬁ%ps Cc%o%r

substrate at an enerﬁ%y dose sufficient to I nplant sal
t hr oughoutr egiore 1 3 ispsefierably %houal(&iépnﬁ togabeat HY” ¢hdwith dlepicbntaftion @ dbstitftsi on
aim1l wherein said neutral dopant is germani um

reglons T ces
and said | rrp3 I %ﬁ?coﬂ& %qu ;‘l}l‘?cﬁ'égni‘%'ln&qf‘??ﬁ’éragaﬁl Ry EEhanympries between
formati ontigf suzfaicel oftithd PR siliEH R3fon 12 and the peak concentration, but a logarithmic

variation is preferred (see, for example, Figure 6). In order to form the germanium implant
at the correct depth and concentration, the germanium ions can be implanted, for example,
with from about 230 to about 270 keV at about 10 cm™ to about 10'¢ cm?, and preferably
with about 245 to about 255 keV at about 10" cm™ to about 10" cm?2.



3. The process of claim1 wherein said neutral dopant is germanium and said

I npl anting step includes inplanting said germanium prior to forjsg iA
said gate. 4. The process of claim1 wherein said neutral dopantﬂeafs PRN?U[M

ger mani um and sai d 2 8 APR ZOO-r 9 inplanting step includes inplanting
said germani um at a dose sufficient tongrevent over diffusion ofdopants in
sai d sem conductor substrate between said diffusion regions relative to
dopants in said diffusion regions during a heating phase of said process.

S. The process &iguit dishovis nbreESidttisaiod (IRGUEE RhftetaR@Mntdtn IR HLERM HI2Rd,sai d
sem conductor device is a FET. 6. The process of %%ai m 1 V\A‘H§I’EI n gl}';i Sﬁw

neut ral dof&HYICE S gepreseiuthe dirtansailiontirt suSiconf thegi-tms sidicen sxqivroe 1 ian

di ffusion LEH0R8: n7c'>f The rg%e§snlg)lf Claa m I rve|[1r salsde ate is »

pol ysi | i con. LRI BrPEHe ST pvecilhs fashediae 26 repsesedlts
neut ral dogrerthsni S8 | : ld.sen con \bstr s silicon. 9.
The process %1? néﬁéﬁﬁﬁlgﬁmg%wggﬁégﬁ@ﬁ%%ﬁ gfé@p%aglﬁ) aﬁlgglgcgp%rﬁ{wgﬁare'g%sd
AURTRYS.

ger mani um insbdthirentioas front the pedkctonesntetiod dejth 26 SDRSdncat e 4 ﬁe‘h‘hﬁ‘v
concentratjion from about 0.10 to about 0.50 microns deep. 10. The process
of O ai m 9"SRIYET 12i3H APRTAPrg L SeRRARIMT CONCeRiTatian duthe sewce alrainsand dendelatgion

substrate § ra| fromabout 0.1 S to about 0.30

m crons dee%ﬁgwﬁﬁﬁgggfeg%gg@q%% a%%‘%%sfssc\%l‘%ggﬁ Y¢sai d germaniumis

i npl anted into Refetrisgnow enflpre ST (HUNBET aisBoiva after grdfopRatios 'ﬂﬁ%@ﬁfe@taliﬁm
from about 0.2&}{,0 about 0.25 microns deep. 12. The process of aim
wher ei n saf@h@qping | Gagfarmation ig perfarmedusargiwelkkuowe tavhmiques, iaad thepgasied to

13, “The preeaRREIAR R iy BBl PR BN s dpene e na g
sai d to result in a gate oxide with a thickness of about 4 to about 11 nanometers. A polysilicon
layer is then formed, patterned, and etched, to result in a polysilicon gate 14 having a
thickness of about 100 to about 200 nanometers.

Once the gate 14 has been formed, the source 18 and the drain 20 diffusion regions
canbe doped. Ion implantation of the source 18 and drain 20 with an n-type impurity results
in an ion concentration of about 10'° to about 10%', with a concentration of about 10%
preferred. Source 18 and drain 20 regions are preferably implanted to a depth of less than
about 0.15 microns, with a depth of less than about 0.10 microns especially preferred. Side
wall spacers 16 comprising oxide or nitride can optionally be formed on the sides of the gate
14 in order to form a second implant (not shown) in the source 18 and the drain 20.

At this stage, the germanium implant is diffused in the source 18, drain 20, and the
channel between the source 18 and the drain 20. Annealing is pefformed to activate the
dopants and restore the crystal structure of the silicon substrate, Annealing can take place
between about 600 to about 1200 degrees Celsius. After annealing, NFET fabrication can
be completed using conventional metalization and passivation techniques.

Figure 6 shows the ion concentrations for the various regions of the NFET. As

described above, and as shown in Figure 6, the peak germanium implant concentration is



germaniumis inplanted to have a peak concentration of about 10Z gernmani um

ions cnm 3 2 8 APR 2004 11 14. The process of Caim1 wherein )
neutral dopant is germaniumand said inplanting is done after fOZfﬁa%ER 2904
said gate. 15. The process of Caim1l wherein said neutral dopant is

germani um and said inplanting is done @fter formation of said diffusion

regi ons. 2 8 APR 200g 12 1 G The process of Claim1l wherein said neutral
dopant is silicon. 17. A sem conductor device conprising: a sem conductor

subst r at e; prafehible rormeafdu@&é_? i nﬁggﬁa t%]?ﬁ‘éstﬁéisdu&esc\%h%rzﬁ}f?géllraﬁﬁe Ip @@@g@“d

di ffusion regi on disposed in said substrate; a channe

bet ween sadaicibadstboue fiheisowoe ardiiam andamaie mecepd ich, hhdHeamteghqn; 2
gat e oxi de_di spos on said sem conductor substrate over said channef P
regi on ano‘yB‘?/é(?‘Tagglerfé’nﬁ%ﬂtﬁmpﬁﬁ &nd dlepthg sshewnr iagfiigwreah dnd aiestribedartdbve are

di ffusi MK : ' i d t I de; and,
neut ral dopanr ey PRt SR8 ARG CITLaREheP Bl ERebi g cupitraions s o
neutral dapmidntatidnfdepitamiré FOdsilé aRBWitAR e BERE o?ﬂﬂ?ﬁ{veﬁﬁﬁﬂlon bel ow sai d

first diffusion region and said second diffusion region. 18. The device of
d ai m 17 wher ei inpetantlyethe gatmatipaean be iniplsited af amylseapt of the MFETRDbEL @5

said sem %98&% Bg{)reds%\ﬁlrc%%nldsdrfin 'f:‘(lf_r-xl;iation. For example, the germanium can be implanted
before formation of the oxide layer 23, or after formation of the gate electrode 14. Figure
7 shows the germanium implantation step being performed after the gate 14 has already been
formed. In order to effectively implant the germanium under the.gate 14 in the channel
region, the germanium ions must be implanted at an angle, as shown in Figure 7.
Implantation energy and dose are adjusted to compensate for the an gle of implantation. The
germanium implant can also be implanted after the source 18 and drain 20 have been
formed, and before or after the side wall spacers 16 have been formed, using the
implantation technique shown in figure 7.

The blanket implantation of germanium in the P-type substrate inhibits boron pile-
up and channel inconsistency, thereby reducing the RSCE by at least 15 percent or more,
depending on the device technology. Figure 8 is a graph that compares the short channel
threshold voltage of the germanium implanted NFET of the present invention with a
conventional NFET lacking the germanium implant. The NFET with the germanium
implant is represented by the dotted line. The reverse short channel effect is redﬁced to
close to an ideal level for the germanium implanted NFET. The short channel effect,
however, does not worsen with the germanium implant.

The NFET described above has the advantage of a significantly reduced reverse
short channel effect, without commensurate degradation of the short channel effect or other
critical features of the NFET device. The single germanium implantation step allows easy

incorporation of the germanium implant in standard NFET and CMOS applications.



19. The device of Caim1l7 wherein said neutral dopant diffusion inplant is

germani um and said first diffusion region and said second di ffuswvA%%ul‘.

are source and drain diffusion regions. 20. The device of Caim

sai d neutral dopant diffusion inplant is gernaniumand said gate is
~polysilicon. 21. The device of Caim 17! wherein sai d neutral dopant
diffusion inplant is germani um and sai d sem conductor substrate is silicon.
2 8 APR 200 13 22. The device of Claim 17 wherein said neutral dopant

di ffusion inpl anwhilé f i 1 d r iU i f LS i.nplant has a
peak concentration fr%%d;%gutémow%gn?gb a]l:])%%t r[%e%omr%%é{ odr@ gsééﬁm%g?,."‘q'l"ﬁgs
devi ce of Oiliheat@nohed @ibstitstbos igey bemiadehdidid wthom depmitiap fronfgedpRRaKd
concentration frog%aabout 0. 15 to about 0.30 microns deep. 24. The device of

a ai m 23 WiEHRS 4 S IYeReheaeRiaghs ids Brbg wasterstaodhat the preatntaoveneiobiiat i on

from about ;@ @ﬁ”*’ ] deen. 25 T%e device of. daim17

wher ei n sai der?n%S{:I?% Op@ﬂqf%@?s?i:a ﬁéﬁgﬁ]yi 4 1S4 ﬁ%ugtr LnSand empodimentsasdave
ger mani um Hedif disélosed epdinate Mo Be PERrUEQ RS BALHRL 0QRe elfamsbout 10'9 to about
1021 gernaniumions ctri 3. 26. The device of Caim25 wherein said

germani um di ffusion i npl ant has a peak concentration of about 10z germani um
ions cm 3. 27. The device of Caim17 wherein said neutral dopant diffusion
i npl ant is gernanium and said gate insulating |ayer has a thickness of

about 4 to about 11 run. 28. The device of Caim 17 wherein said neutral
dopant diffusion inplant is germani umand said gate has a thickness of

about 100 to about 200 nm 29. The device of Claim 17 wherein said neutral
dopant diffusion inplant is



silicon. 2 8 APR 200g 14 30. A process for fabricating a FET conpri sing:
formng an oxide |ayer on a sem conductor substrate of a first 1
type; blanket-inplanting neutral dopant ions into said substraf%q?zﬂ?gizoa%
neutral dopant inplant throughout the substrate; formng a gate el ectrode
on said oxide |ayer; and inplanting souace and drain regions into said
~substrate to a depth I ess than the deptR at which a peak concentration of
sai d neut t 1 t occurs. 31. The process of claim 30 wherein
sai d neut@Aﬁgﬁgﬂﬁm@re germani um and sai d bl anket-inplanting step

i ncludes inplanting said germanium at a dose sufficient to prevent

over-di ffusion of dopants in said sem conductor substrate between said
source and sail draAmproeess foranamifatirite; 4 seriopadiictoridevivaildva@u She Mitheaai d

drain regions i ng a heafing phase of said process. 32. The process of
cl ai m 30 %é?‘@:g#ﬁ’é‘é’gdeﬁ% foﬁilne@lHb&ﬁ?mlcﬁﬁgucé‘ﬂes“é@f%ﬁhwmoﬁm coniptisyigt e i s

pol ysilicon. q | aj rein sald neutra opant ions
are ger mani umeg?ilggggglll@ se% %8‘%‘( uagtdgir)mstglgg}tgrab %H?%O Pdﬁoﬁﬁ .Sirg'éf.aqfﬁe@nﬁl}géfcess
of cl ai md®Be whificnh te anplaniessid abutehd opintithioaghaif the sIBMYateaa] depiRigteater
germani umis iqB%ﬁFteg jnto said sem conductor substrate to formsaid peak
concent r dPfthH ¢ sayd diffusiongegignnout 0. 50 microns deep. 35. The process
of claim 34 wherein said neutral dopant ions are germni um and said
germaniumis inplanted into said sem conductor substrate to form said peak
concent rati on Zr omBiequocds b claim dbwhéreih S0 néutrabdepain ¢ germadiuin AR Baid00g
'S implanting step includes implanting said germanium prior to formation of said diffusion

regions.

3. The process of claim 1 wherein said neutral dopant is germanium and said

implanting step includes implanting said germanium prior to formation of said gate.

4. The process of claim 1 wherein said neutral dopant is germanium and said



36. The process of Caim35 wherein said germaniumis inplanted into said

sem conduct or substrate to form said peak concentration from abo(l;?r@.u{fpg
about 0,25 mcrons deep. 37. The process of C aim 30 wherein sai 2001‘-
dopant ions are germanium and said gernaniumis inplanted to have a peak
concentration of about 10'9 to about 10z' germaniumions cm3. 38. The
process of Claim 37 wherein said germagi umis inplanted to have a peak
concentration of about 10z germaniumions cm3. 39. The process of C aim 30

wher ei n saj : ant .ions.are.gernmani. um and sai d_ bl anket-i nplantin
i s done af {’ﬂ?'g’?‘%ﬁ%ﬁ gﬁﬂgf'gs ypangag @’g&ﬁ.‘“afﬂﬁ“ Sl %g%?s“”fﬁm@téi) m@@r%)Mei ng

sai d neut r diffudpantop@fsn 84i8 sABTCORA j gk, 0l .rd ol anting is done
after formation of s%i d diffusi SW%%%%%E‘%@% (é]asg}r%gcﬁggggb‘f%@”é?‘ﬂ?@(?

wher ei n satodlapauts imbaid diffusion maibnaderisg hihesting phAbE M¥%aid\Bdcesd E - A3Y . AE . A
.@L. A . A@t. Af. AE. . AE . A3. A. AFh 9WC: &D

5. The process of Claim 1 wherein said neutral dopant is germanium and
said

semiconductor device is a FET.

6. The process of Claim 1 wherein said neutral dopant is germanium and
said |

diffusion regions are source drain diffusion regions.

7. The process of Claim 1 wherein said gate is polysilicon.
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10%& ()-  semiconductor substrate to form a peak concentration from about 0.15 to about 0.30

microns deep.

11. The process of Claim 10 wherein said germanium is implanted into said

semiconductor substrate to form a peak concentration from about 0.20 to about 0.25

microns deep.

12. The process of Claim 1 wherein said neutral dopant is germanium and
said
germanium is implanted to have a peak concentration of about 10" to about 10

germanium ions cm™,

13 The process of Claim 1 wherein said neutral dopant is germanium and
said

germanium is implanted to have a peak concentration of about 10% germanium ions cm’
3
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said

implanting is done after formation of said gate.

15. The process of Claim 1 wherein said neutral dopant is germanium and
said

implanting is done after formation of said diffusion regions.
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a first diffusion region disposed in said substrate;

a second diffusion region disposed in said substrate;

a channel region disposed between said first diffusion region and said second
diffusion region;

a gate oxide disposed on said semiconductor substrate over said channel region and
overlapping said first diffusion region and saidlsecond diffusion reéion;

a gate electrode disposed on said gate oxide; and,

a neutral dopant diffusion implant disposed throughout said substrate, said neutral
dopant diffusion implant having a peak concentration below said first diffusion region and

said second diffusion region.

18. The device of Claim 17 wherein said neutral dopant diffusion implant is

germanium and said semiconductor device is a FET. -

19. The device of Claim 17 wherein said neutral dopant diffusion implant is
germanium and said first diffusion region and said second diffusion region are source and

drain diffusion regions.

20.  The device of Claim 17 wherein said neutral dopant diffusion implant is

germanium and said gate is polysilicon.

21.  The device of Claim 17 wherein said neutral dopant diffusion implant is

germanium and said semiconductor substrate is silicon.
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22. The device of Claim 17 wherein said neutral dopant diffusion implant is

germanium and said germanium diffusion implant has a peak concentration from about

0.10 to about 0.50 microns deep.

23. The device of Claim 22 wherein said germanium diffusion implant has a

peak concentration from about 0.15 to about 0.30 microns deep.

24, The device of Claim 23 wherein said germanium diffusion implant has a

peak concentration from about 0.20 to about 0.25 microns deep.

25. The device of Claim 17 wherein said neutral dopant diffusion implant is
germanium, and said germanium diffusion implant has a peak concentration of about 10!

to about 10*! germanium ions cm™.

26. The device of Claim 25 wherein said germanium diffusion implant has a

peak concentration of about 10 germanium ions cm™.

27. The device of Claim 17 wherein said neutral dopant diffusion implant is

germanium and said gate insulating layer has a thickness of about 4 to about 11 nm.

28.  The device of Claim 17 wherein said neutral dopant diffusion implant is

germanium and said gate has a thickness of about 100 to about 200 nm.

29.  The device of Claim 17 wherein said neutral dopant diffusion implant is

silicon.
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30.  Aprocess for fabricating a FET comprising:

forming an oxide layer on a semiconductor substrate of a first conductivity type;

blanket-implanting neutral dopant ions into said substrate to form a neutral dopant

implant throughout the substrate;
forming a gate electrode on said oxide layer; and
implanting source and drain regions into said substrate to a depth less than the

depth at which a peak concentration of said neutral dopant implant occurs.

31.  The process of claim 30 wherein said neutral dopant ions are germanium
and said blanket-implanting step includes implanting said germanium at a dose sufficient
to prevent over-diffusion of dopants in said semiconductor substrate between said source
and said drain regions relative to dopants in said source and said drain regions during a

heating phase of said process.

32.  The process of claim 30 wherein said neutral dopant ions are germanium

and said gate is polysilicon.

33.  The process of claim 30 wherein said neutral dopant ions are germanium

and said semiconductor substrate is silicon.

34.  The process of claim 30 wherein said neutral dopant ions are germanium
and said germanium is implanted into said semiconductor substrate to form said peak

concentration from about 0.10 to about 0.50 microns deep.

35.  The process of claim 34 wherein said neutral dopant ions are germanium
and said germanium is implanted into said semiconductor substrate to form said peak

concentration from about 0.15 to about 0.30 microns deep.
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37.  The process of Claim 30 wherein said neutral dopant ions are germanium

and said germanium is implanted to have a peak concentration of about 10" to about 102"

germanium ions cm™.

38. The process of Claim 37 wherein said germanium is implanted to have a

peak concentration of about 10%° germanium ions cm?,

39. The process of Claim 30 wherein said neutral dopant ions are germanium

and said blanket-implanting is done after formation of said gate.

40.  The process of Claim 30 wherein said neutral dopant ions are germanium

and said blanket-implanting is done after formation of said diffusion regions, ~

41. The process of Claim 30 wherein said neutral dopant ions are silicon.



