
METHOD FOR REDUCING SILICIDE DEFECTS IN INTEGRATED
CIRCUITS  FIELD OF THE INVENTION 100011 The present
invention relates generally to integrated circuits
(ICs), and more  particularly to a method for reducing
silicide defects in an IC, BACKGROUND OF THE INVENTION
1000.2] Transistors are commonly used in intergrated
circuits. Fig, is shows a conventional n- type metal
oxide semiconductor (MOS) transistor l 10 ferried on
an active region of a substrate  10`. A p-well I08 is
located in active region of the substrate. Shallow
trench isolations 18() are  used to isolate the active
region from other device regions. The transistor :has
source/drain  diffusion regions 125a-h adjacent to a
gate 130, which illclri,des a gate electrode 131 over
a gate  dielectric laver I32. Located on the gate
sidewalls sire dielectric sidevvall spacers 160. Metal
silicide contacts 140 a:,d 141 are provided on the
surface of the substrate in the sonrccldrain  regions
and gate ectrode. 1001131 Nickel silicide or nickel
alloy silicidcs have been extensively used in contacts
due to  lo-vv sheet resistance properties. Nickel (Ni)
ate ms, however, are highly diffusive.. During
processing, Ni atoms can diffuse beneath the spacers,
resulting in the formation of Ni pipes 148.  Ni pipes
can lead to junction leakage, negatively affecting
device performance or functionality.  Fig. lh shows
a'112\4 image of rocket pipes 148. As shown, such
nickel pipes can result in gate- to-source or
gate-to-drain short circuits. 100041 In view of the
foregoing, it is desirable to provide transistors with
metal suicide  contacts which reduce or minimize the
formation of metal pipes. SUMMARY OF THE INVENTION
100051 The present invention relates to reducing
silicide defects in 1Cs. In one aspect of the  



invention, an IC. having a transistor that comprises a
gate on a substrate is provided. I he gate  has gate
sidewalls. The transistor further comprises dielectric
spacers disposed on the gate sidewalk and metal
silicide contacts over the diffusion regions. The
outer walls of the dielectric  spacers are aligned
with the metal silicide contacts to reduce stress on
the contacts. 100061 In another aspect o the
invention, a method for forming a transistor in an IC
comprises steps of providing a substrate having, a
gate on the substrate, the gatc, having gate sidewalk,
and diffusion regions in the substrate adjacent to the
gate. Dielectric spacers are  formed on the gate
sidewalk-. Metal suicide contacts are formed over the
diffusion regions. Inc  outer walla of the dielectric
spacers are aligned with the metal silicide contacts
to reduce stress  on the contacts. 10007 In another
aspect. of the invention, a method for reducing
formation of metal pipes is  disclosed. The method
includes providing a feature on a substrate and
forming dielectric spacers  on sidewalls of the
feature. Metal silicide contacts arc formed on the.
substrate adjacent to the  dielectric spacers, wherein
outer wails of the dielectric spacer are aligned with
edges of the  metal silicide contacts. By aligning the
outer wails of the dielectric spacers with edges cif
metal  suicide contacts, formation of metal pipes is
reduced. [0008] These and other objects, along with
advantages and features, of the present invention
herein disclosed, will become apparent through
reference to the following description and the
accompanying drawings. Furthermore. it is to he
understood that the features of the various
embodiments described herein are not mutually
exclusive and can exist. in various combinations  and
permutations. BRIEF DESCRIPTION OF THIS DRAWINGS
[00091 In the drawings, like reference characters
generally refer to the same parts throughout 



the different views. Also, the drawings are not
necessarily to scale,  emphasis instead generally
being placed upon illustrating the principles of the
invention. Various embodiments of the  present
invention are described with reference to the
following drawings, in which: 100101 Digs. 1 a-b show
a conventional transistor with metal pipes; 10011]
Fig. 2 shows a transistor in accordance with one
embodiment of the invention; and  10012] Figs. 3a-h
show a process for foaming a transistor in accordance
with one  embodiment of the invention. DESCRIPTION OF
THE INVENTION 100131 The present invention relates to
ICs, More particularly, the present invention relates
to a method for funning suicide contacts in JCs. In
accordance with the. invention, a spacer pull- back
etch is performed during the sihciditti,ln process to
loran silieide contacjs to eliminate Of  reduce
substrate stress that may contribute to the formation
of pipe defects. ]0014] fig. 2 shows a portion of an
IC 200 in accordance with one embodiment of the
invention. The portion includes a transistor 2210
formed in an active region 208 in the substrate  20`..
'I 'lie active regica is isolated From other device
regions by, or example, shallow trench  isolations
(S'fIs) 280. In one embodiment, the substrate
comprises a silicon substrate, such as a  lightly
doped p-type substrate, Other types of substrates,
such as sil icon on i nsulator (Sol) or  silicon
germanium, are also useful. f c depth of the STIs
should be sufficient to reduce or  minimize, leakage
or punch-through. Typically, the depth of the S'1 Is
is about 2000 -6000 ri.  The substrate comprises a
well heavily doped with dopants of a second polarity
type. The  second polarity type comprises, for
example, p type. Doping; the well with n-type dopants
is also  useful. The depth of the well is typically
about 1-42 pm below the S fis. [0015] The transistor
comprises a gate 230a on the substrate. The gate
includes a gate  



electrode 231 over a gate dielectric 232. Typically,
the gate electrode is formed Porn poiysilicon  and the
gate dielectric is formed from thermal oxide. other
types of materials are also useful.  .`source/drain
diffusion regions 225&b are located adjacent to the
gate beneath the substrate  surface. The source/drain
diffusion re, ons are heavily doped with dopants of a
first polarity  type. The: first polarity type, for
example, comprises ri-type, finning a n--type
transistor.  Forming p-type transistors with p-type
dopants as the first polarity type is also usefui. As
sho\vn a =ate 2301`) is also provided over the of the
STIs. 'fy'pically, a gate comprises :i irate
conductor that extends into various active and
inactive regions (e.g., of the substrate. Other
circuit arr ge Y e is are also useful. Dielectric
spacers 260 are disposed on the gate sidewalk. The
dielectric spacers, for example, are lcn fed from
silicon nitride. Other types of  dielectric materials
are also useful. Contacts 240 and 241 are provided
over the diffusion regions  and gate electrodes. In
one embodiment, the contacts comprise metal silic,ide.
Ths metal silicid for e.xa nple, comprises nickel,
platinum, gold, or a nickel alloy, such as nickel-
platinum. Other metal suicides are also useful. 100161
In accordance. with one em_bodiinent of the invention,
the outer surface of the iele iris spacers is in
alianmeui ,with the metal silicide contacts. Ali mina
the over surfacers of  the dicleco ie s na ers- with
the suicide contact, avoids the formation of spacer
inateria` over the  silicide contacts. This has been
found to reduce stress on the metal suicide contacts
during  processing. Additionally, aligning the spacers
with the contacts has also been found to reduce  str,
ss in the divot area 182 at the corner of the S TI
Chug processing. Reducing stress on the  divot areas
of the Si] and on the now! silicide contacts reduces
or prevents the fonnat'.on of'  metal pipes. (oorj
figs 1 i-h show a process for forming an IC 300 in
accordance with one embodiment  



of the invention. Referring to fig. 3a, a
semiconductor substrate 305 is provided. The
substrate,  in one embodiment, comprises a ?-type
silicon substrate. Other types of subs rates, such as
a,  germanirnn-bas d, gallium arsenide, silicate
un-insu.latr r (SOFT)- or sapphire substrate, are also
useful. The substrate is prepared with an active
region 308. the active region comprises a well
heavily doped with depacls of a sc cord pol at t y
ty:?e. "l o form the acti> e region, conventional  ion
mmplantatior technique s, such as a mask can Inc used,
Other techniques for- fanning the active region are
also useful. 4 [0018] isolating the active regions
from other device regions on the substrate are isolati
art  regii ns 3&1). The isolation regions, for
example, comprise 1511 region::. '] he depth of the S
J Is.  should be sufficient to prevent leakage or
punch through. Typically" the depth of the Skis is
about 2000 - 6000 A. Various conventional processes
can be employed to form the STt regions.  For example,
the substrate can be etched using conventional etch
and mask techniques to form  trenches which are then
Tilled wait dielectric material such as silicon oxide.
Chemical  mechanical polishing (t_, ,ill') can he
performed to reprove excess oxide and provide a planar
substrate top surtace. Ile S 1 I regions can be
formed, tOr example, prior to or after the  formation
of the doped wells. 100191 Referring to Fig. 3h, the
process continues to f6rn7 the gate layers or the
substrate.  For example, finning the gate layers eon:
prise:: sequentially forming a gate dielectric layer
332  and a gm e electrode layer 331 on the substrate
surface. In one embodiment, the gate dielectric  layer
comprises thermal oxide. Other types of gate
dielectrics are also useful. The gatce  electrode
layer, for example, comprises polysilicon. Other Ly;
of gate electrode 3.aterials, for  example, metals
such as Al, are also useful. The gate layer, in one
ernbodityke ant, can comprise a  



heavily doped polysdicon layer of a first polarity
type, i he polystheon can be in-situ doped or  doped
by ion implantation after deposition. Providing
undoped polysilicon is also useful.  j00201 Referring
to Fig. 3c, the layers arc then patterned using
conventional mask and etch  techniques to fb3rrn gates
3300 b. As shown gate 330a is ibrmed in the active
region while gate  330h is formed over a 5Th Sourceii
rain diffusion regions 325a- b are formed in the
active  region of the substrate adjacent to the gate
330a, as shown in Fig. 3d. 1he diffusion regions, for
example, comprise heavily doped regions of the lirsl
polarity type. The doped regions can be  formed by ion
implantation. 1002t] ;pacers 360, as shown in fig. 3d,
are formed on sidew;alls of the gates. The spacers
comprise, for example, a dielectric material. In one
embodirnent, the spacers comprise silicon nitride
(SiN). 00 her dielectric materials including, for
example, silicon dioxide, oxide-rtitidc- oxide (ONO)
stacks, TEOS or silicon oxy-nitride (SiO, d ) are also
useful. Conventional  processes may be employed to
form the spacers. For example, the dieiectric layer
can be blanket  deposited over ' the substrate,
covering the transistors and the substrate. The layer
can be  deposited by, for example, chemical vapor
deposition (CYD). A spacer etch is then performed  to
forth the spacers. The spacers can be formed using an
anisotropic etch, such as reactive ion  etch (TUE. or
dry etch. 10022] In one embodiment, the diffusion
regions comprise lightly and heavily doped regions.
ypically, the I ight doped regions are formed by a
first ion implantation process before spacer
formation. After spacer bnnation, a heavily doped
region is formed by a second ion  implantation
process. Other types of techniques tbr forming the
diffusion regions are also  useful. (0023] Referring
to 1Fig. 3c, a prc-kilnidc clean is perf-,rme.d. The
pre-silici::le clean, for  



example, comprises wet cleaning using DHF in a dilute
aqueous solution. Other clean  chemistries or
processes are also useful. The pre-silicide clean
prepares the substrate for metal  deposition by
removing, naive oxide on the gate and source/drain
diffusion regions. Ile clean  process harms undercut;
364 in the bottom of the spacers. 10024] As shown in
Fig. 3ff a metal layer 345 is deposited over the
substrate, covering the  diffusion regions and gate.
Preferably, the metal layer comprises nickel,
platinum, gold or a  nickel alloy, such as nickel
platinum. Other metals are also useful. Typical
thickness of the  metal layer is about tlj - 1000...
Other thicknesses arc also useful. A cap layer 346 is
deposited over the metal layer. The cap layer prevents
oxidation of the metal layer. The Cap  layer
comprises, for example, titanium nitride (TIN).
Conventional deposition techniques, such  as
sputtcrinc, are used to form the metal and cap layers.
100251 Referring to Fig. 3g, a silicide process is
performed to form metal silicide contact:  340 and 341
over the diffusion regions and the gate electrode. In
one embodiment, the salicide  process forms nickel or
nickel alloy silieidc contacts. The salicide process,
for example. c:Of ptisC.s anneahrrg the substrate,
causing a reaction between the metal and silicon
(,e.g..  substrate, epi and polysilicox ). 1#01 y, the
salicide process comprises rapid thermal annealing
(RTA). In one embodiment, annealing is conducted in
one step at a temperature of about 300 - 400C for
about 1-1000 sec. i_Lnreacted metal and crap material
are then removed, for example,  by wet cleaning using
a. sulfuric peroxide mixture 5PM) or an ammonium
peroxide mixture  (APM). As shown., a portion of the
spacers overlays the metal silicide con acts due to
the  presence of the undercuts in the bottom of the
spacers. 100261 Referring to Fig. 3Ih, the outer walls
of the spacers are reduced or pulled hack. In one
n~hudi.r ent, the spacers are pulled back to be in
alignment with the silicide contacts, as  



indicated by dotted fines and arrows. Puilinct back
the spacer outer walls avoids any spacer  material
overlaying the silici<1c contacts. In one embodiment,
pulhn<~ back of [he outer walls of  the spacers is
achieved with an anisotropic etc , such as RIF or dry
etch. Preferably, the spacer  pull-hack etch is
hig,:ly selective to the suicide contacts and STI. In
one embodiment, the spacer  pull-back etch employs; a
CII,F2/Ar'02 or (lll'3/Ar/02 cheinis ry, and is
performed at a  temperature of about 1-150 C and a
pressure of about 5 - 45 m fore. Under such
conditions,  Sidi-to- Si or SiN-to-oxide etch
selectivity of more than about 10:1 can he obtained.
Other etch  chemistries or techniques of pullir c,
hack the spacers are also useful. Pulling back the
spacers  also advantageously removes residues at the
SI'I corners. An additional dry and/or wet clean  may
be performed to remove etch residues. [00271 In one
embodiment, a second annealing step is performed after
the spacer pull-back  etch in order to lower the
resist.uice of the suicide contacts. For example,
nickel-rich nickel  disilicide (NiSi2) formed after
the. anneal prior to spacer poll back is converted to
the lower resistivity nickel monosilicide (Nisi) phase
in this step. in one embodiment, the second  annealing
is conducted at a temperature of about 400 60011C f?r
about l -iGild sec.  [00281 As described, the
formation. of the silicide contacts c; : r:3 ses. in
orie embodiment,  first and second RTA processes. The
use of more than one RTA step facilitates the
formation of  the desired silicide phase to achieve
lower contact resistance. For example, a first
annealing step  is conducted at a lower temperature to
form nickel-rich silicide, followed by a second
annealing  step at a higher temperature to form nickel
rnonosilicidewhich has lower resistivity. In one
embodiment, as described, the spacer pull back etch is
performed in-between the two PTA  processes. This
avoids stress on the silicide contacts during the
second annealing step.  Alternatively, the spacer
pull-back etch may be perlidr3ned after the second
annealing step.  



[0029] Inc process continues by "onni rnterc
taieetions'to the contacts of the transistors.  For
example, a dielectric is deposited and patterned to
create vias and trenches. The vial and  irenelhes are
then filled with conductive material, such as copper,
to form interconnects.  Additional processes are
performed to complete the 1C fin- example, additional
interconnect  levels, flnai passivation, dicing, and
packaging, 100301 The invention may be embodied in
other specific forms without departing from the
spirit or essential characteristics thereof. The
toregoing embodiments, therefhre, are to be
considered in all respects illustrative rather than
limiting the invention described herein. `cope  of the
invention 3: thus indicated by the ap vended claims,
rather than by he foregoing  description, and all
changes that come within the meaning and range of
equivalency of the  claims a e intended to be embraced
therein. S What is claimed is: CLAWS  1. An integrated
circuit (14_'.j having a transistor comprising:  a
gate on a substrate, the gate having gate sidewalls;
diffusion regions in the substrate adjacent to the
gate;  dielectric spacev,, disposed on the gate
sidewalls; and metal silici:ie contacts over the
diffiisioil regions, wherein outer walls of the
dielectric  spacers are aligned with the metal snccide
contacts to reduce stress on the metal suicide
contacts.  .. A method lot" fUrmingg a transistor in
an integrated circuit (IC.-) +:omprising: providing a
substrate having a gate on the substrate, the gate
having gate sidewalls, and  diffusion regions in the
substrate adjacent to the gate; 



forming dielectric spacers on the gate sidevvails; and
form ing metal silicide contacts over the di ClUsion
regions, wherein outer walls of the  dielectric
spacers are aligned with edges of the metal silicide
contacts to rechice stress on the  metal suicide
contacts. .J. .the method of claim 2 wherein forming:
the metal Sihcide contacts Comprises perrortning
first and second annealing processes. 4. The method of
claim 2 comprises ptifling back the dielectric spacers
to align the outer  walls of the dielectric spacers
with the edges of the metal sihcide: contacts.. 5 The
method of claim 4 where: in pulling back the
dielectric spacers comprises an  a3:isotropic etch. 6.
The method of claim 4 wherein forming the m tal
silicide contacts comprises perfi_snniug  first and
second annealing processes. 7. The method of claim 6
wherein pulling back the dielectric spacers is
performed between  the first and second annealing
processes. 8. The c- ethod of claim 7 wherein pulling
bark the dielectric spacers comprises an  anisotropic
etch. 9. The method of claim 2. cou-mprises: cleaning
the. substrate surface after forming the dielectric
spacers, the cleaning forms  undercut regions in a
;ewer portion olthe dielectric spacers such that edge
portions of the metal  silicide contacts are disposed
in the undercut regions; and pulling back the
dielectric spacers after metal silicide: contacts are
formed to align the  outer walls of the dielectric
spacers with edges of the rectal silicide contacts.
10. The method of claim 9 vX-re rb palling back the
dielectric ,-pacers comprises an  



atnsotropic etch. i i. The method of AS 10 wherein
forming the metal silicide contacts comprises
perfOrlming first and second annealing processes. 12.
The method of claim i 1 wherein pulling back the
dielectric spacers is pertiwmed between  the first and
second annealing processes. t0 13, The method of claim
2 wherein the metal silicide contacts comprises nickel
or nickel  alloy. 14. A method for reducing metal
pipes comprising:  providing a feature on a substrate;
forming dielectric spacers on side,walls of the
fcature; and forming metal suicide contacts on the
substrate adjacent to the dielectric spacers, wherein
outer walls of the dielectric spacers are aligned with
edges ofthe metal silk le contacts, Wherein  aligning
the edges of he dielectric spacers and metal suicide
contacts red es formation of :petal  pipes. 15. The me
t~h+ d of claim 14 comprises pulling back We
,dielectric spacers to al is n the outer  walls of the
dielectric spacers with the edges of the metal
silicide contacts. 16. The method of Claim 15 wherein
pulling back the dielectric spacers comprises an
anisotropic etch. 17. 1 lie method of claim 15 wherein
(errant the metal suicide contacts comprises
performing first and second annealnrg processes and
pulling back the dielectric spacers is  performed
between the first and second annealing processes. 18.
I'M method of claim 17 wheaeiin pullinir back the
dielectric spacers comprises an  



anisotropic etch. 19, The method of claim 14 wherein
the feature comprises a gate of a transistor.  It 20.
The rne., od of claim 19 comprises pulling hack the
dielectric spacers to align the outer  wall s of the
dielectric soacers with the edges of the metal
silieidc contacts. 21, A method of fabricating an
integrated circuit comprising: providing a
semiconductor body having a'il, hate and spacer
structures;  forming a Ni or Nin layer over the
structures; forming; TiN cap layer over the
structures; forming first phase Ni suicide layer via
RI'Al at 300 - 400C;  perf" rrning wet clean to remove
TiN cusp and unreacted Ni;  dry (plasma) etching of
the spacer to have spacer pull-back;  forming second
phase Ni sdicide layer via RTA2 at 400 - 600C. 22. The
method of claim 21 wherein the Ni or NiPt is deposited
using physical vapor  deposilit'on. 21 The method of
claim 21 wherein the dry etching of the spacer to have
spacer pull-back  reduces stress of SiN on active and
Si! divot areas. 12 


