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BACKGROUND OF THE INVENTION

i. '\ FIELD OF THE INVENTION
The present invention relates.to FETs (Field Effect
Transistors), and more particularly to those with short,

€.9., less than 50 nm, gate length.

As CMOS technology becomes smaller, e.g., less than 50
nm gate length, it becomes more and more difficult to
improve the short channel device performance and at the

same time maintain acceptable values for off-state

leakage current.



. for® 1:0v Low Power Application" by Young Jin Choi et al. described the use
of indiumhalo and large angle tilt for indiumhalo inplants for ihﬁrngmg

t he short channel characteristics. Oher articles are "Hi gh Carrier

Vel ocity and Reliability of Quarter-Mcron SPI (Self- Aligned Pocket

| npl ant ati on) MOSEFETs" by A Hori et ad. and "A 0.1-pm CMOS Technol ogy

with Tilt-1nplanted Punchthrough Stopper (TIPS)" by T. Hori. None of the

prior. art focussed attention on inproving the abruptness of the halo

dopant profiles in the area next to the channel. In these prior art
d .have suffered enhanced transient

situations, t h opant s _woul . ncec
di f fusi on du;b?’ﬁgaée%%%%‘?‘ggn ?Sﬁctj’iroyr%%dtﬂi Grhidemathbudget - tdeephalo
source/ dran rapi ‘hermal, _anneal (typically 1000C for 5 .seconds).
Consequent | y, %tgﬁgggaﬁﬁegﬁlhﬁé“&rl&deed‘(ttfé @p%QW%P%rﬁiﬁ%irﬁr@darmehext
usef ul ness fogothﬁggigglthe short channel device characteristics, and
this is especrally tha-taddlFord dANIEannel The dertbel ew B0 0 .im niThus

all the prior pprooaches provide no neans 13 APR 2005 3
| 18thr? RT83% R alo by Large Angle Tilt Implant) MOSFET

for 1.0V‘Low Power Application” by Young Jin Choi et al.
described the use of indium halo and large angle tilt
for indium halo implants for improving the short channel
characteristics. Other articles afe “High Carrier
Velocity gnd Reliability of Quarter-Micron SPI (Self~
Aligned Pocket Implantation) MOSEFETs” by A. Hori et al.
and “A 0.l-pm CMOS Technology with Tilt-Implanted
Punchthrough Stopper (TIPS)” by T. Hori. None of the .
prior.art focussed attention on improving the abruptness
of the halo dopant profiles in the area next £0'thé
channel. In these prior art situations, the halo
dopants would have suffered enhanced transient diffusion
during extension junction and high thermal budéet deep
source/dran rapid thermal anneal (typically 1000°C for 5
_seconds). Consequently, theése much degraded halos
'séverely compromised their usefulness for improving the
short channel device characteristics, and this 1is
especially the case for device channel width below 50

nm. Thus all the priqr art approaches provide no means



. to’'minimze transient enhanced diffusion of the halo dopants and hence
cannot be used to create the abrupt super-halo (<20 nm decade) in QQEAPRZM5
region next to the channel area. to the source and drain extension

regions. For this to work the junction; must be abrupt, see "CMOS Devices
below 0.1 nm How H gh WII Performance’ Go?", by Y. Taur, et al., pp. 1-4.
In particular, for sub 50 nm devices, not only the extension regions near
the channel nust be abrupt, i.e., less than 4 nm decade, but the halo
profile in proximty to the extension junction nust be abrupt, i.e.., less
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channel area.
to the source and drain extension regions. For this to
work the junctions must be. abrupt, see “CMOS Devices
below 0.1 nm: How High Will Performance Go?”, by Y.
Taur, et al., pp. 1-4. 1In particular, for sub 50 nm
devices, not only the extension regions near the channel
must be abrupt, i.e., less than 4 nm/decade, but the
‘halo profile in proximity to the extension junction must
be abrupt, i.ép, less than 20 nm/decade. Mdst of the
‘prior art for the halo formation used a general approaéh
wherein halo dopants are implanted at an angle ranging
from 0° to 70° into the channel region. This prior art
varied either the dose, halo dopants, or anéle of halo
_ implants for improving the device performance. The
article “Halo Doping Effects in Submicron DI-LDD Device
Design” by Christopher Code;la et al. pp. 230-233
describes the .optimum halo doses for improviﬁg the
.threshold voltage and the.  punch-through device

characteristics. Punch-through stoppers was also

discussed in the US patent 53200974 by Atsushi Hori et




"des‘cr'i bes the optimum hal o doses for inproving the .threshold voltage and

'the punch-through device characteristics. Punch- through st oppers was 1a 4PR 2005

di scussed in the US patent 5320974 by Atsushi Hori et 13 APR 2005 4 al.
which is simlar to the conventional halo arrangenents. The article "A 0.1
nm | HLATI (I ndium Halo by Large Angle™Tilt Inplant) MOSFET for 1.0V Low
Power Application"” by Young Jin Choi et al. described the use of indium
hal o and | arge angle tilt for indiumhalo inplants for inproving the short
channel characteristi cs Oc her articles are "High Carrier Velocity and

oL L1ty OhaQurieleonan S LS o aneg Pecker et ot o
l'ri‘%LZE's‘;‘Qéeéfﬁe %@%“%%”QW Eﬁél?%'iﬁ) %rgslﬁﬁéﬁhﬁ‘?ﬂ%%f\d%%ﬁwp“"r
Fhe hai'o ' dophf SVGH e t{}ﬁ ikl an%éaﬁﬁf RePert. 08 g Gaper
Application” by Young Jin Choi et al. described the use
of indium halo and large angle tilt for indium halo
implants for  improving the short . channel
charactéristics._ Other articles . are “High Carrier
Velocity and Reliability -of Quarter-Micron SPI (Self-
Aligned Pocket Implantation) MOSEFETs” by A. Hori et al.
énd “A  0.1-pm CMOS Technology with Tilt—Implénted
:Punchthrough Stopper (TIPS)” by T. Hofi. None of the
prior art focussed attention on improving the abruptness
of the halo dopant prdfiles in the area next to the
channel. In these prior art situétions, the halo
dopants would have suffered enhanced transient diffusion
duriﬁg extension junction and high thermal budget deep
source/draﬁ rapid thermal anneal.(typically lOOd°C for 5
seconds) . Consequently,. these much degraded halos
severely compromised their-usefulness for improving the
short channel device characteristics, and this 1is
especially the case for device channel width below 50.
nm. Thus all the prior art approaches provide no means

to minimize transient enhanced diffusion of the halo



during extension junction and high thermal budget deep source/dran rapid
thermal anneal (typically 1000C for 5 seconds). Consequently, t_hese1 ZmAq?ng[,
degraded hal os severely conprom sed their useful ness for inproving the
short channel device characteristics, and this is especially the case for
devi ce channel width below 50 nm Thus all the prior art approaches
provide no neans to mnimze transient enhanced diffusion of the halo 13
APR 2005 -5- dopants and hence cannot be used to create the abrupt _
super-hal o (<20 nm decade) in the regi on _ next to the channel area. It is
therefore desirable to have an abrupt junction even after annealing.

SUMMARY ;. An_aspect of th resent invention provides an apparatus i
compr 1 sERRA E BEngg ST AR OEH O SER i brepd e iely (<20 e detadehis thayregion
junction, at |east gne halo region disposed proximate said junction, and a
channel "PE¢P 8 dBpd$Ed- proxi mate said halo region, (b) dopant at oms

di sposed within said sem conductor substrate at said PN junction, and (c) a

di f fusi on bar Hiiethedifereakeeidatbetolmen as ab@phahctiand es henainet kg ons;

SUMMARY

An aspect of the present invention provides an apparatus comprising;

(a) a semiconductor substrate comprising at least one PN junction, at least one
halo region disposed proximate said junction, and a channel region disposed proximate said halo
region,

(b) dopant atoms disposed within said semiconductor substrate at said PN junction,
and

() a diffusion barrier disposed between said halo and channel regions;

wherein said diffusion barrier comprises interstitial traps of non-dopant atoms; and
wherein said non-dopant atoms are selected from at least one of the group consisting of C, N, Si,
and F.

Another aspect of the present invention provides a field effect transistor comprising:

a) a semiconductor substrate comprising two PN junctions separated by a channel
region therebetween;

b) a source electrode disposed over one of the two PN junctions;

c) a drain electrode disposed over the other of the two PN junctions;

d) a dielectric layer disposed over said channel region;

[R:LIBQ]J02505.doc.mx]



wherein said diffusion barrier conprises interstitial traps of non-dopant
atons; and wherein said non-dopant atons are selected fromat |east one of
the group consisting of C, N, Si, and F. Another aspect of the présSeARR 2005
invention provides a field effect transistor conprising: a) a sem conductor
substrate conprising two PN junctions separated by a channel region

t herebet ween; b) a source el ectrode di sposed over one of the two PN
junctions; c) a drain electrode disposed over the other of the two PN
junctions; d) a dielectric |ayer dispoggd over said channel region; [R

LI BQ) 02505. doc. nxl 13 APR 2005 - 5a e) a gate el ectrode di sposed over said

dielectric layer; O wherei (g% h_dopant ato nd.non-dopant atons are
di sposed wit hlx)n sai %g%gﬁl?eé:grﬂ é‘f%?segﬂﬁgtsf‘lgt(gglﬁ‘%néé% of said two
PN uncti ons; 8) a paihr of halo regions respectively disposed proximte said
junctions: h)YDa pai Whegeiyppthydqrgnl plemsi @1dsnetedorast iataans ari dispesed Wichinesait
said halo and channel regions; wherein said diffusion barriers conprises
i nt er st Papigpnductys subsitratpon cadpelisaidiworly jumtonspher ei n sai d non- dopant at ons
are selected fromat |east one of the group consisting of C, N, Si,
g) a pair of halo regions respectively disposed proximate said junctions;
h) a pair of diffusion barriers respectively disposed between said halo and channel
regions;
wherein said diffusion barriers comprises interstitial traps of non-dopant atoms; and
wherein said non-dopant atoms are selected from at least one of the group consisting of C, N, Si,
and F.
Yet another aspect of the present invention provides a process comprising the steps of:
forming a semiconductor PN junction with dopant atoms thereat;
forming halo and channel regions; and
forming a diffusion barrier between said halo and channel regions;

wherein said step of forming a barrier comprises forming interstitial traps of non-dopant

atoms; and wherein said non-dopant atoms are selected from at least one of the group consisting

of C, N, Si, and F.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)

Figs. 1-3 are cross-sectional views of the process steps to make the invention; and
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and F." Yet anot her aspect of the present invention provides a process

conprising the steps of. formng a sem conductor PN junction with Sgﬁ%ﬂh
atons thereat; formng halo and channel regions; and form ng a dif? 05
barrier between said hal o and channel regions; wherein said step of formng
a barrier conprises formng interstitial®traps of non-dopant atons; and
wherei n said non-dopant atons are selected fromat | east one of the group
consisting of C, N, Si, and F. BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF

THE DRAW NGZS) Figs. 1-3 are cross-sectional views of the process steps to

make the i Nt Qr;. an R.. % L] BQJ 02505. doc: nxl 13 APR 2005 6 Fig. 4
shows t he F% i éh%&o gvg@[é. fb%ﬁ'i“ﬁ‘g[ﬁ‘ﬁ%@a PTI ON OF EMBODI MENTS OF THE
| NVENTI ON As shown in Fig. 1, silicon oxide 2 with a thickness of between

about 500 to 1000 nmas an insulating filmfor separating elenents is
formed in an el ement separation trench region of a P-type single crystal
silicon sEREEOHdUR DESCRIMBEIN QF EMBORIMENTS OF ITHIDINVENTEOKi | mwith a
t hi ckness of between about 1 to 3 nmas a gate insulating filmis forned

As shown in Fig. 1, silicon oxide 2 with a thickness of
between about 500 to 1000 nm as an insulating film for
separating elements is formed in an element separation trench
region of a P-type single crystal silicon semiconductor
substrate 1. Another silicon oxide film with a thickness of
-between about 1 to 3 nm as a gate insulating film is formed
on an active region of the substrate 1. Then it is etcheqg
using known techniques to form the gate insulating layer 3.
Then, after depositing a polycrystalline silicon (p-8i) film
with a thickness of between about 100 to 150 nm on these
silicon oxide films 2 and 3, a gate electrode 4 with a
thickness of about 150 nm is formed by etching the deposited
polycrystalline silicon film in ordinary photoiithography and
etching processes. As shown in Fig. 2, arsenic (As) ions
then are implanted at a dose of 1 to 4x10*® cm™ at an energy
of between about 2 to 10 KeV using the gate electrode 4 as a
mask, thereby forming an N'-type source extension region ba

and an N'-type drain extension region 5b.



.On"an active region of the substrate 1. Then it is etched using known

techniques to formthe gate insulating layer 3. Then, after depogbgbﬁﬁlﬁ
pol ycrystalline silicon (p-Si) film with a thickness of between 1o

to 150 nmon these silicon oxide filnms,.,2 and 3, a gate electrode 4 with a
.t hickness of about 150 nmis fornmed by gtching t he deposited '
polycrystalline silicon filmin ordinary photolithography and etching
processes. As shown in Fig. 2, arsenic (As) ions then are inplanted at a
dose of 1 to 4x1015 cm2 at an energy of between about 2 to 10 KeV using

the gate ehegtpedend (85 as qﬁ@ﬁ’antt%%‘r ey grg)r%naﬁgggzo%l;btie ﬁ%g?%&;@ﬁmﬁ 2005

ext ensi on region 5a and an type drain ex
A LTt angl e bervben abour: Lo TR S HaT AL et 16 S5 esteasommtin | i no
axi & and STh B taral TATEE ol ot Mo tasue TS Seesararens fod
Tnterstitral s o Pract oat naroiar " YB GRETRL Adea eviin & total
areal dosage of between about 5 x 10*%/cm? to 5x10%/cm?
In accordance with the invention as shown in Figqg, 3, Si
interstitial trap diffusion ba;rier regions 7a and 7b are
respectively implanted adjacent halo regions 6a and 6b and
comprise a non-dopant, é.g., C, N, 8i, F, etc., with a areal
density of between about 1x10%/cm?® to about 1x10'*/cm?. This
can be done by implanting the non-dopant at an angle between
about 10° ahd §0° ‘with respect to the normal to thé substrate
Iat an energy between about 5 to 20 K_eV_,. preferably about 13
KeVv. The'rgafter a spike annealing, e.g., a ramp up rate of
gre'ater than about 100°C/s, a3 hold time of about zero seconds
at a target temperature between about 800 to 1050°¢, ahd a
ramp down rate greater than about. 50° c/s, is i)érformed thus

activating the dopants in the extensions 5 and haloes 6.

- However, other types of annealing can be

Spike annealing can be done by high powered tungsten (W)
lamp;, arc lamps, or excilmer laser operating in the non-

melting mode, e.,g. less than 0.753/cm?, During this



. respectively inplanted adjacent halo regions 6a and 6b and conprise a
non-dopant, e.g., C N Si, F, etc., with a areal density of between about

1x1013/cn? to about 1x1019/cn2. This can be done by inplanting thg APR 200
non- dopant at an angl e between about 10 and 30 with respect to the nor

to the substrate at an energy between8bout 5 to 20 KeV, preferably about
13 KeV. Thereafter a spike annealing, e.g., aranp up rate of greater

t han about 100C/s, a hold tine of about zero seconds at a target

t enperature 'between about- 800 to 1050C, and a ranp down rate.greater than
about . 5% c/[S,.1S p&éforned,thus activating the dopants in the extensions
5 and haf 38826 "I HoWBGBr FEGHRES 13RedNdf /AnAEA iasg iowre e Spiske tarmesal i ng
can be dgne bﬁ.high ﬁomered tungsten (W lanps, arc |anps, or excimer

| aser ope?al't hg™i A®t hEaRBheNhref i aRCoddel fEuglon e36 thvarhdl ¢ 5ddmar® s ,Duri ng
this 13 @ER(%?OS 8 annealing, trap regions 7a and 7b act as interstitia
traps totrF8PY Z&SWdddideninefiuitdd Bl pudiamitaf phefhake dopaniey-
thereby resulting in abrupt halo doping profiles ("super- halo"). Further,
spi ke an%%i?ihg ﬁﬁgtPﬂb'aé?éh?a@é§?a¢ﬁégi§as two advantages. One is

that the wafer can get up to the high target temperature
quickly so that the defect annealing with a higher activation
ene;gy (~ 5eV) can be carried out with less time spent for
undesirable halo dopant with less activation energy (<4eV),
The second advaﬁfage of the . spike anneal is the obvious
advantage of much reduced thermal cycle due the rapid thermal
anneal cycle, As a result, the halo dopant motion during

rapid thermal annealing is much reduced.

A silicon oxide film with a thickness of between about 80 to
150 nm is then deposited on a top surface of the patterhéd
sUbstraté 1. If desired, a compound layer of Si0, and Si;N,
can be used as is known in the art. Through an ordinary etch
back, sidg wall spacers 8a and 8b made'of'the silicon nitride
film are formed, and exposed portions of the siiicon
As shown in Fig. 4, after depositing a cobalt (Co) film with
a thickness of between about 5 to 8 nm on the top surface of

‘the substrate 1 patterned as . shown in 'Fig. .1, a heat

treatment at a temperature of between about 600° to 850°C. is



.that the wafer can get up to the high target tenperature quickly so that
the defect annealing with a higher activation energy (- 5eV) can be
carried out with less tinme spent for wundesirable hal o dopant wi t h31 APRL005
activation energy (<4eV). The second advantage of the spike anneal is the
obvi ous advantage of much reduced thermal cycle due the rapid thernal
anneal cycle. As a result, the hal o dopant notion during rapid thermal
annealing is nmuch reduced. A silicon oxide filmw th a thickness of between
about 80 to 150 nmis then deposited on a top surface of the patterned

subst rat ectndhttdesitredal bogormpeundo | @iem ofo Sir@dcandy S 3N heCaly Pe-Jised. as
is knowmn in the art. Through an ordinary etch back, side wall spacers 8a

and 8b nadebstrthe $ibkhaoohai poideryéidm aie forimsh and JRQ?%§3 ortions
of the silicon As shown in Fig. 4, after depositing a cobg%t &%i 'mw th

a t hi cknesaestbhetraeprcaboul yv5 flam8 nam@bdihe §op: stid age1 9k 1pbhe sypstrate
1 patterned as shown in Fig. 1, a heat treatnent at a tenperature o

bet ween abauat 16Q0 vtia BIDC hi Skdeks APRr 2088w8e0R8UG e ot . Al 4w the Go film
to react with the silicon '
this step, since the Co film does not react with the silicon
oxide film, the Co films on the side wall spacers Ba and 8b

remain unreacted. Then, the unreacted Co films are

selectively removed by a wet etching.

As is also shown in Fig. 4, an interlevel insulating film 11,
e.g., BPSG, 1is deposited in an ordinary manner and contact
holes reaching the cobalt silicide films 10a and 10c

A P-channel type MOS transistor can be produced in the same
manner as above when the conductivity type of each region is

reversed.

It will be appreciated that substrate 1 can af;o'be of other
group IV material, g.g., C, Ge, etc.; a group III-V material,
€.g. GaAs, InP, AlGaAs, etc.; or a group II-VI material. Also
for the P-type dopant B, In, Al and Ga can be used, while for
the N-type dopant P, As, Sb can be used. For the conductors
Al, Cu, Ti, Ni, heavily-doped p-Si or a-Si, and combinations

thereof can be used. Also a sacrificial sidewall process can



‘substrate 1 and the polycrystalline silicon gate electrode 4, thereby
respectively formng cobalt silicide filnms 10a, 10b and 10c with a13 0
t hi ckness of between about 20 to 30 nm At this step, since the Co'fY MR 05
does not react with the silicon oxide film the Co filnms on the side wall

spacers 8a and 8b remain unreact ed.ldl'hen, the unreacted Co filns are

sel ectively renoved by a wet etching. As is also shown in Fig. 4, an
interlevel insulating film1ll, e.g., BPSG is deposited in an ordinary
manner and contact _holes reaching the cobalt silicide films 10a and 10c A
P- channel P y8dMes discdessi strorUsc dlatape ppplihatied PH73087Baited rMSaneficiads above

when t he y RVZRAYA f each. ionis reversed. It wll_ be

appr eci at ggﬂg Iltlig(%ﬂ é’fl(}%‘)é? lﬁ ﬁy?(gce% 3%(ﬁraé’l“£ alppiks ﬁ%ﬁ‘ea[‘ ggﬁba‘i‘\?llﬁ%@ﬂoﬁl , e.g.,
C, Ge, et fabricaicgn"pbp K I LeeVariptezhahg, an@. eorlgBA%ed hdiBin bbéf -’refgl;e ce, O @

gr oup II-%{I mat ?I’I al. Also for the P-type dopant B, In, an ‘can be
used, whi Fwthegrthe prrseniipygndiogspmalso be uA@,cl irShycdavidsevitise PN Fortibhe g

conductor&iod\%l bi Fnsis | 0 eg'] -Si_or.a-Si, and conbinations
thereof can bé Ise.za. ﬁsggg% Js?gggr,t:lli i)f%lfa};ﬁ? R 'leget\)@?sl Ofp?l(?ﬁ"é’gé g persedpr 1005
obtain interstitial traps, e.g., straining the Si crystal lattice such as by implanting ions,

e.g., Ge, while methods other than using traps can be used to form a diffusion barrier,

e.g. a thin insulating layer through which tunneling can occur.

The order of the steps can also be changed. For example, the
shallow extension regions 5 can be implanted and then
activated by spike or normal annealing. Then th_é halo
regions 6 are implanted followed by the implanting of the
barrier regions 7. Thereafter side wall spacers 8 are formed
and followed Dby the deep implantation of source and drain
regions 9. Next a spike or ﬁormal annealinty “is done to
activate regions 6,7, and 9. The remaining steps of contact

forming, etc. are as described above.

While the present invention has been particularly described
with respect to preferred embodiments, it will be understood

that the invention is not limited to these particular




10 be used as disclosed in Us Patent Application 09/736,877 titled
"Sacrificial Polysilicon sidewall pr ocess and rapid thermal spike 13 APR 2005
anneal ing for advance CMOS fabrication", by K Lee and Y. Zhang, and

i ncorporated herein by cross-reference. 11Further, the present invention can
al so be used in any device with a PN junction, e.g. diodes, bipolar

transistors, etc. Still further other types of nethods can be used to
obtain interstitial traps e.g., straining the Si crystal lattice such as
by inplanting ions, .g., Ce, whi | e methods other than usi ng traps can be

used to flo¥ %rmdfaﬁlb@dlmaﬁtser thee. groaeshi stepsul atiengskayencehr eugh
whi ch tunneling can occur. The order of the steps can also be changed. For
exanmpl e, e el owtextcénsiesn degionsd5 ican the i aphanhgd, and drher e
activated by spi ke or nornmal annealing. Then the halo regions 6 are

i npl ant edcél Tomed bytt he s nplanenagd of tbhe cdanr i eall egiadne rhatiheieaf ter
side wall spacers 8 are forned and followed by the deep inplantation of
sour ce ambalr i ortirey ormnd. ediexia bersyd kes ohapopeak nanngaki fgtnis depe to
activate regions 6,7, and 9. The renmaining steps of contact formng, etc.
are as desgiiiedaabovesopMi b8 the presentidmvestissdhas b@}@@ Bapkhadkarly
described wth respect to preferred enbodinents, it wll be understood

t hat the ¢indgrgi on Iirs additiomt edthert hmsstﬂqqmrtanwaf devices may be

employed in the method and apparatus of the instant invention

as claimed with similar results.



13 APR 2005 11 preferred enbodi ments, the process steps, the sequence, or
the final structures depicted in the drawings. On the contrary, |132§W
intended to cover all alternatives, nodifications, and equival ent #Hﬁ
be included within the spirit and scope of the invention defined by the
appended clains. In addition, other methods and/or devices nay be _

enpl oyed in the nethod and apparatus of the instant invention as clained
with simlar results. 13 APR 1005 - 12 CLAIMS: 1. An apparatus conprising:
(a) a sem conductor substrate conprisingzgt | east one PN junction, at |east
one hal o region disposed proxi mate sai d“junction, and a channel region
disposeg'pr | mate said halo region, (b) dopant atoms disposed within said
sem con lgi:substrate at said PN junction, and (c) a diffusion barrier

di sposed between said hal o and channel regions;

1. An apparatus comprising:

(a) a semiconductor substrate comprising at least one PN junction, at least one
halo region disposed proximate said junction, and a channel region disposed proximate said halo
region,

(b) dopant atoms disposed within said semiconductor substrate at said PN junction,
and

(c) a diffusion barrier disposed between said halo and channel regions;

wherein said diffusion barrier comprises interstitial traps of non-dopant atoms; and

wherein said non-dopant atoms are selected from at least one of the group consisting of

C,N, Si, and F.
2. The apparatus of claim 1, wherein said PN junction is an interface between two
regions of said semiconductor substrate, and said PN junction is bordered, in one of said regions,

by a layer of higher dopant concentration therein than elsewhere in said one of said regions.

3. The apparatus of claim 1, wherein said semiconductor comprises a field effect

transistor including said junction and at least one additional junction.

[RLIBQ]02502.doc.mxt



wherein said diffusion barrier conprises interstitial traps of non-dopant
atonms; and wherein said non-dopant atons are selected from at Ieas@3qpﬁzmﬁ
the group consisting of C, N, Si, and F. 2. The apparatus of claim1l
wherein said PN junction is an interface between two regions of said
sem conductor substrate, and said PN junction is bordered, in one of said
regions, by a |ayer of higher dopant concentration therein than el sewhere
in said one of said regions. 3. The apparatus of claim1l, wherein said

sem conductor conprises a field effect_j{ransistor including said junction
and at | east one additional junction. [R .LIBQ02502.doc.nmx1 13 APR 2005 -
13 4. Afield effect_ trapsistor. conprising: a) a sem conductor substrate
conprising two PN j @ﬂSHgaégﬁgﬁﬁf% PVAIBE-channel region therebetween; b)
a source el ectrode di sposed over one of the two PN junctions; c) a drain

el ectrode di sposed over the other of the two PN junctions; d) a dielectric
| ayer di sposed) over asangonthatoresubstedg compresingtvgelN jelctions ecparadedspps eblarmeker
said dielectric layer; 1) wherein both dopant atons and non-dopant atons
are di spgsadthepee@eaiuct or substrate at each of said two PN junctions; g)

b) a source electrode disposed over one of the two PN junctions;

c) a drain electrode disposed over the other of the two PN junctions;

d) a dielectric layer disposed over said channel region;

e) a gate electrode disposed over said dielectric layer;

f) wherein both dopant atoms and non-dopant atoms are disposed within said

semiconductor substrate at each of said two PN junctions;

g) a pair of halo regions respectively disposed proximate said junctions;

h) a pair of diffusion barriers respectively disposed between said halo and channel
regions;

wherein said diffusion barriers comprises interstitial traps of non-dopant atoms; and

wherein said non-dopant atoms are selected from at least one of the group consisting of

C, N, Si, and F.

5. A process comprising the steps of:

forming a semiconductor PN junction with dopant atoms thereat;
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within said a pair of halo regions respectively disposed proximate said
junctions; h) a pair of diffusion barriers respectively disposed betwfggm
said hal o and channel regions; wherein said diffusion barriers conpri 005
interstitial traps of non-dopant atons; and wherein said non-dopant atons
are selected fromat |east one of the group consisting of C, N, Si, and F.
5. A process conprising the steps of. form ng a sem conductor PN junction
wi th dopant atons thereat; [R \LIBQ 02502 doc: nxl 13 APR 2005 -14- form ng
hal o and channel regions; and formng a diffusion barrier between said halo
and channel regions; wherein said step of form ng a barrier conprises
formng interstitial traps of non-dopant atons; and wherein said

non- dopant at GFRIngRele wddaarelrpgipisend east one of the group consisting of
C N Si, and F. 6. The process of claim5, wherein said PN junction is an
i nterface betismingawiffusiegibanir bétwsan daid balocod dbarst regitost r at e, and sai d PN
junction is bordered in one of said regions by a |layer of higher dopant

concentrat i onwhéreinedaftl $t6a6f RrmawhebLritrtondirde ORemitOin@MAstitial traps of non-dopant

atoms; and

wherein said non-dopant atoms are selected from at least one of the group consisting of

C,N, Si, and F.

6. The process of claim 5, wherein said PN junction is an interface between two
regions of said semiconductor substrate, and said PN junction is bordered in one of said regions

by a layer of higher dopant concentration therein than elsewhere in said one region.

7. The process of claim 5, further comprising spike annealing said semiconductor

after introducing said non-dopant atoms at said PN junction.

8. The process of claim 7, wherein said annealing step comprises a fast

temperature ramp up to a target temperature, a low hold time, and a fast temperature ramp down.

9. The process of claim 8, wherein said ramp up is greater than about 100°C, said
target temperature is between about 800-1050°C, said hold time is about zero seconds, and said

ramp down is greater than about 50°C.
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7. The process of claimb5, further conprising spike annealing said

sem conduct or after introducing said non-dopant atons at said PN junction.

8. The process of claim7, wherein said annealing step conprises a f&§tAPR2005
tenperature ranp up to a target tenperature, a low hold tinme, and a fast
tenperature ranp down. 9. The process of claim8, wherein said ranp up is
greater than about 100C, said target tenperature is between about
800-1050C, said hold tine is about zero seconds, and said ranp down is
greater than about 50C. [R \LIBC]OZSOZ_?QQ.nXI 13 APR 2005 - 15 10. The
process of claimb5, further conprising spi ke annealing said sem conduct or

before i ntrodugin id non-dopant_agtons at said PN junction. [R .
\ LI BQ 02502. dgﬁ nigx!%ge process of claim 5, further comprlging sp{}l(e]anneahng sald[semlconductor

before introducing said non-dopant atoms at said PN junction.
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