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(@) ' TITLE OF THE INVENTION

Super—Halo_Formation in FETs -

BACKGROUND OF THE INVENTIQN
1. . FIEID OF THE INVENTION”-
_The present lnventlon ‘relates. to FETs (Field Effect
fTransistors), and more particularly to those w1th short,_‘
e,g.,.lees than 50 nm, gate length.

1.. | o DESCRIPTION oF THE RELATED ART " INCLUDING
INFORMATION DISCLOSED UNDER 37 CFR 1.97 AND 1 98

| 'As'CMOS'technology becomes smaller,-e g.; less thén.Sd_
nm gate length} 1t becomes more and more . dlfflcult to

' 1mprove the short channel dev1ce performance and at the'
same . time- ma;ntaln. acceptable values. for loff-state

leakage current.




One'technique for trying tO"aéhieve this is the halo
tecﬁnique wherein extra dopant implant regions are next
conventional halo arrangements. The article “A 0.1 nm
IHIATI {(Indium Halo by Lafge.Anéle 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. Othef articles are “High -Carrier
‘Vélocity gnd Reliability of Quartef—Micron SPI (Self-
Aligned~Pbéket Implantétion)‘MOSEFETs” by A. Hori et al.
and “A 0.l-pm CMOS Technology _with- Tilt4Implénted
Pﬁﬁchthfough Stopper (TI?S)@ by T.. Hori. None of the.
prior:agt focussed aﬁtention on improving the abruptness
of .the' halo dopant profiles in the area next to- £héi
channel. In these prior art situétions, the halo.
dbbants wéuld have}suffered enhancéd tiansient diffusion

during eXtension'juqction and high thermal budget deep

'source/dran rapid thermal annéal (typically 1000°C for 5
‘seconds) . Consequently, these mgch 'degraded halos

.sévérely compromised- their usefulness for improving the

short channel device charactéeristics, and this is .

._eSpecially thé case for device channél width below 30

_ nm{ Thus all the priqr-art approaches brovide nq'means:




.to minimize transient .enhancgd diffusion of the halo
dopants ahd hence cannot be used to create the abrupt
super-halo (<20 nm/decade) in the region next to the
. channel area. |

to the source and drain éxte'n_sion regions. ~ For this to
v:ro'rk the junctioﬁs must . be ébrupt, see “CMOS Devices
below 0.1 nm:. ﬁow High Will ~Performance Go?"_, by Y.
Taur, et al., pp. 1-;4. .'I'n' particular, for sub 50 nm
devices, not only the .extensién regions néar the channel
must be abrupt, i.e., .less than 4 nm/décade, but the
_ ‘halo profile in proxim'itjr to the extension junction mus't
be "abrupt, J.e, less than 20 nm/decac_ie. Most of the
. ‘prior ért for the halo formation uéed a- general approa'c-h '
Wherein‘_halo dopan'ts' are. implanted at an angle rani;ing
from ' 0° to 70° into the channel region. Th;‘.s érior art
varied eithez;_ the dose, halo dépéﬁts, or .anc_.;le of'halo
_' imblan‘ts for impr’ov';ing the de'vice_ performahce. The
article “‘Halé Doping Effects in Submicron DI-LDD Device
Design” by Christopher Codella et al. pp 230-233
.describes the 'optimum ._halo doses for improvirig the
.threshold voltage -. and the. punch-through device
characteriétics. 'Punch-through_ 'stop'.pexjs_ was also

discussed in the US patent 5320974. by Atsushi Hori et



al. which is similar to the conventional halo
arrangements. The-article “A O 1 nn IHLATI (Indium Halo
by Large Angle Tllt Implant) MOSFET for 1.0V Low Power
Application” by Young Jin Cho; et al: descrlbed the use
of indium halo and large angle tilt fot indiuml_halo-
‘implants for improving the short .channel
characteristics.. - Other articles. are ™“High Carrier
Velocity and Reliability of Quarter-Micron SPI (Self-
' Alignedeocket Implantation) MOSEFETS” by A. Hori et al.
‘and “A  0.1-gm CMOS Technology with Tilt-Implanted .
'Punchthtough Stopper (TIPS)” by T. Hoti. Nonelof the
.prlor art focussed attentlon on 1mprov1ng the abruptness
of the- halo dopant proflles in the area next to the
channel._ In these prlor art situatlons,. the halo.

dopants would have suffeted enhanced transient diffusion

durlng exten31on junctlon and hlgh thermal budget deep .

source/dran rapid thermal anneal (typically 1000°C for 5
'.seconds). Consequently,. these - auch _degraded- halos
_ severely compromised thetr-usefulness for.inproving the
short ehannel device CharactetiStics,' and . this is.-
especially the case for device'channel width belCW'SO‘
nﬁ. Thus all the prior art approaches prov1de no means

. to mlnlmlze trans1ent enhanced dlffu31on of the halo




dopants and hence cannot be used to create the abrupt.
super—halo_ (<20 .nm/decéde) 'iﬁ. the region next -to the
channel area.

It is therefore desirable to have an  abrupt Jjunction

- even after annealing. ' ' >
(8 BRIEF SUMMARY OF THE INVENTION
An épparatus comprises a semiconductor substrate comprising
at least one PN junction, dopant -atoms disposed within said
sémiconductor substrate at said PN junction, and a diffusion
barrier disposed adjacent at said PN junction.:
A process comprises forming a semiconductor PN junction with
dopant étoms thereat and forming a diffusion barrier adjacent.
at said junction.

() 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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Fig. 4 shows the finished device.

(a) DETAILED DESCRIPTION OF THE INVENTION

As shown in Fig.' 1, silicon oxide 2 with a thickness of
between about 500 .to 1000 nm as an insulating £ilm for
separating elements is formed in an element separation trench

region of a P-type single crystal silicon semiconductor B

substrate 1. Another silicon oxide film with a'thiekness of

.between about 1 to 3 nm as a gate insulating film is formed

on an active fegidn of the eubsfrate 1. Then it is etched

- using- known techniques.fo form the géte inSulating layer-S.'-

Then,'aftefldepoeiting a polycrystalline silicon (p*Si) film'
with a 'thicknes.s. of bétween"ebo.u‘u': 100 t-o- 150 nm on these
siiicon ‘oxide filmp, 2 and 3, a gate elecfréde 4 with a
thickness of about 150 nm is forﬁed'by etching the deposited

polycrystalline silicon film in ordinary photolithography 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 5a

and an N{—type'drain extension region 5b.
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Then.boron {B) is implanted at an energy of between about 3

to 10 KeV at a tilt angle. between about 10 to 30 degrees with
respect to a normal line of a main surface of substrate 1 and
with four rotations around the normal axis and with a .total

areal dosage of between about 5 x 10*%/am® to 5x10%*/cm?

'In accordance with the invention as shown in Fig. 3, Si .

interstitial trap diffusion ba:grier regions 7a and 7b are

.respectively implanted adjacent halo regions 6a and 6b and

comprise a non-dopant, e.g., C, N, 8i, F, etc., with a areal

' density of between about 1x10%3/cm® to about 1x10%4/cm?. This

can be done '}_:Jy implanting the non-dopant at an ang.le‘.betw'een

_about 10° _aﬁd 30° .with respect to the n_ormél to the substrate

at an . energy bétween_abéut 5 to 20 KeV, preferably about 13-

KeV. Th_e'reafter a spi}ce annealing, e.g.', a rémp up rate of

. gre.at_er than about 100°C/s, a hold time of about zero seconds

at a target temperature 'between about 800 to 1050°C, and a
ramp down rate greater than about. 50° c/s, is péi:fo‘rmed 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)
lamps, arc lamps, or excimer laser operating in the non-

melting mode, e.g. less tha'n'_ 0.753/cm?. 'During this



annealing, trap regions 7a and 7b act as interstitial traps
_ to minimize transient enhanced diffusion of the halo dopants,-
thereby resulting in abrupt halo doplng proflles (“super-
halo"). Further, splke annealing has 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 5
energy (~ 5eV) can be carrled out with less time spent for'
unde81rable halo dopant with less actlvatlon energy (<4eV)T

. The : second advantage of .the. splke' anneal is the obvious _
'advantage of much reduced thermal cycle due the rapid. thermal
: anneal cycle. As a result, the halo dopant motion durlng

rapid thermal annealing is muph reduced‘

A silicon oxide £ilm with'a thickneas ef hetween abddt_BOtto
150hnm is then deposited on a top surface of the patterned
sﬁbstrate 1. 1If. desired, a compound la§er of Sioziand'si@h
can be used as is knewnhin the'art.-Through an ordinary etch
back, side wall spacers 8a and éb hadelof'the Silieon nitride
~film are fbrmed,_and eqused:portions of the siiicon

~As shown in Fig. 4, after depasiting_a cobalt'(Co) film with.
a thlckness of between about 5 to 8 nm on the top surface of
'hthe substrate 1 patterned\ as . shown 1n Flg. .1, a heat

treatmeént. at a temperature O6f between about 600° to 850°C. is



conducted to allow the Co ‘filnf'tp react with the silicon
substrate 1 and the_poLycrystalline silicon gété electrode 4,
thgreby respectiveiy forming CObalt.silicide films 10a, 10b
and 10c with a thickness of between about 20 to 30 nm. Aﬁ
this step, since the Co film does not react with the silicdn
oxide film, the Co films on the side.wall spacérs B8a ana Sb
rémain unreaétea. . Then, the unﬁeacted. Co. films are

selectively removed by a wet etching.

As is alsé shovin in Fig. 4, an interlevel insulating fiim 11,
e.g., BPSG, is deposited in.an ordinary manner and contact
‘holes reaching the c@bélt'siliCide”fiimé 10a and 10c

A P—éhannel typg-MOS.transisto} can be produéed.in'the ééﬁe
manner as above when the conductivity type of eééh fegiéh is

reversed.

'it Qiil'be appreciated that substrate 1 can also be of'other _
gioup Iv material,-g.g., C, Ge, etc.; a group III-V material,
e.g. Gads, InPy'AlGaAs,'etqlf or a'grqup I1I~-VI material. Also
foi.the.£~£ype dopant B, In, Alﬂand'Ga'can_be used,.while.for
the N-type dopant'P, As, Sbiéan be used. For the conductors
.Al,:Cﬁ, Ti, Ni,:heavily.dqped p—Si or aQSi,_and combinations

‘thereof can be used. - Also a sacrificial sidewall process can .
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. be used as d1sclosed in Us Patent Apphcat1on 09/736 877 ftitled “Sacnﬁc1al )

.-Polys1hcon sidewall process and rapid thermal splke anneahng for advance CMOS
fabrication”, by K. Lee and Y. Zhang, and incorporated herein by cross-reference.
Further, the present invention can also be used in any device with a PN junction, e.g.
diodes, bipol'ar transistors, etc. Still further other 'types-of methods can be used to
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 .caq. also be changed. ‘For example, the
shallow extedéion fegio’rfs 5 can" be i'mplanted and then
.'actlvated by splke or normal annealing. Then the halo
regions 6 are 1mplanted followed by the 1mplant1ng of the
fbarrler reglons 7. Thereafter side wall spacers 8 are formed
and followed by the deep 1mplantat10n of source and drain
regions 9. Next a sp_..lke . or normal anneallng 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 inven_tion. 'is not limited. to these particular
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preferred embodiments, the process steps, the sequence, or
lthe finéi éfructures depiéted{ in the drawings. On the |
céntrary, it is intended to <cover all alternatives,
modifications, and equivalents as may be included within the
spifit and scope of the invention.defined'by the appended
claims; In édditioﬁ, other ﬁethods and/or devices may be

employed in the method and apparatus of the instant invention

as claimed with similar results.
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What'is claimed is:
1. An apparétus comprising:
(a | .a semiconductor substrate comprisiné at.least one
PN junction, | |
®) ' "dopant afoms disposed within said semiconductor_
substrate at said PN junétion, énd
- (c) a'diffuéion barrier_disposed adjacent at said PN

‘junction.

2. -.The apparatus-of ciaim 1;.whérein said PN junction is an’
intérface - between fwo --regions of .said . semiconductor
substfate,;and said PN junction is bordéred, iﬂ one of said .
-regibns, by a layer of higher dopant concéntratién théréin

. than elsewhere in said one of said regions, -

3. The apparatus of claim 1, wherein said diffusion barrier
comprises interstitial traps.

A .
4. The apparatus of claim 3, wherein said traps comprise
non-dopant atoms. o ot
5. The apparatus of claim 4, wherein said non-dopant atoms

are selected from at leaét;one of. the groﬁp consisting of C,
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6. The apparatus of claim 1, wherein said semiconductor

_coﬁprises a field effect transistor including said junction 

and at least one additional junction.

7. A field efféct transistor comprising;

a) a semiconductor substrate comprising ‘two PN

junctions separated by a channel region therebetween;

b) a source eleqtrode disposed over one of the two PN
junctibns;
) a drain electrode disposed over the other of the two

PN junctions;

. a) "a diélectric layer disposed over said channel'fegion;

b) . a gate electréde diéposed.over:said diélectric
layei; | |

' Q) -wheréih both dopant atoms and non-dopant atoms
are disposed_within said sgmicbnductor substrate at
each of said two PN junctions; and
d) a pair of diffuéion"bafriéré;-féspecfively

disposed at spid junctions.
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J8. The transistor of claim 7, wherein said diffusion .

barriers comprises interstitial traps..

9. The transistor of claim 8, wheréin said tfaps comprise

non-dopaht atoms,

10. The transistor of claim 9, wherein said non—dopént atoms
are selected from at least one of the group consisting of C,

N, 8i, and F.

11. A process compris;ngz

fofmipg; a semiconductor PN Jjunction -with . dopaqt atoms
__thereét;rand | ) -
| forming a diffusion barrier adjacent at said junétion."
12;.'Thé process of claim 11, wherein said PN junction is ah
inperféce '.between tﬁo- regions  6f' said : sémiconductor
substrate, and said PN junction ié bordered ih 6ne of éaid
regions by a layer of higher dbpant concentration theréin
._ than elSewhere in said one régioh.
- 13. The process of claim 11, wherein said étep of forming a

barrier comprises forming interstitial traps. -

14, The process of claim 13, wherein said step of forming.




traps comprises,introducing non-dopant atoms.

15. The process of claim 14, wherein said non-dopant atoms
_are selected from at least one of the group consisting of C,

N, Si, and F.~

16. The process of claim' 14, ° further  comprising spike
;annealing said semlconductor after 1ntroduc1ng said non-

dopant atoms at sald PN junctlon

17. The process of clalnt 16, ‘wherein .said anneallng step.
K comprlses a fast temperature ramp up to a target temperature,’

. a low. hold time, and a fast temperature ramp'down.

' 18. The . process of clalm 17, whereln sald ramp up is greater
~than about 100°C/s, 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/s.

'19. The process of claim 14, further comprising splke
anneallng said semlconductor before 1ntrodu01ng sald non-

dopant atoms at said PN junction. -




