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4 5 LASER ACTI VATI ON OF | MPLANTED CONTAc |' PLUG FOR
6 MEMORY BI TLI NE FABRI CATION 8 4 11 Background of
Invention 12 1) Field of the Indention 13 This
invention relates generally to fabrication of
sem conductor devices 14 and nore particularly to the
fabrication of an inplanted fsitiine contact plug, 15
16 2) Description or the Prior Art 1' Advanced
sem conduct or chi ps, now being manufactured in
i ndustry, 8 are conposed of |ogic or nenory devices.
Logi ¢ devices are used to process information 9 or
data, while nenory devices are used for data storage.
These two types of devices can be 20 found in al nost
all conputers, however they are usually found on
specific chips, reserved 1 1 for either logic or
menory applications. In systens in which |ogic and
menory devices are 2 packaged. separately, data
signal s between the two may have tee pass through
several |levels 3 of packaging.. which can result in
undesi rabl e propagation delays. In addition the 4
manuf acturing costs for fabricating wafers producing
only logic chips, and wafer with 5 only nernory
chips, are greater' than if both | ogic and neniory
appl i cations can be

LASER ACTIVATION OF IMPLANTED CONTACT PLUG FOR

MEMORY BITLINE FABRICATION

Background of Invention
1) Field of the Invention
This invention relates generally to fabrication of semiconductor devices

and more particularly to the fabrication of an implanted bitline contact plug.

2) Description of the Prior Art

Advanced semiconductor chips, now being manufactured in industry,
are composed of logic or memory devices. Logic devices are used to process information
or data, while memory devices are used for data storage. These two types of devices can be

found in almost all computers, however they are usually found on specific chips, reserved
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6 incorporated on the saute chip. Therefore for
performance and cost reasons the sem conductor
i ndustry has been notivated to produce a sem conductor
chip with both the 8 desired |logic; and nenory
requirenents. ) The state-of the-:art: technol ogies
fbr nonvol atile sem conductor 10 nenories are the
SONCS (pal ysilicon-oxide-nitride-oxide-silicon) and
the floating gate- 11 type nenories. The SONOCS is a
mul ti-gate dielectric device consisting of an oxide 12
nitride-oxide. (ONO |ayer in which charge storage
takes place in discrete traps in the 13 silicon
nitride layer. 14 The inportance of overconing the
vari ous deficiencies noted above is 15 evidenced by
the extensive technol ogi cal doveopnerit. directed to
t Fre eligs gt or mggonoappbealivpn liesystsys ithehiclelogicand meaoentevices are
and technical literature. The cl osest and apparently
17ackpged seraraalndita sigetnbgwbendby etcoprent s to mst theupaeeetl levels
literature can be gl eaned by considering 111 Seonb
- Dorigkaging, WhiBEENTRANSFundEFENS @pagation@ekayd. I 4ddition the

DEVI CES, VOL. 49, NO 19 10, OCTOBER 2002 Advanced
SoanestDdingicnstEfey fabaeating gy afers pro@oingShhpegic thips, ashabfbowith
20 Junction Formation M ng Laser Annealing and

Pridy Aivmvophdhizat dro grettapthanif &btkilepic and nSulpry 2%plitQDancan Sl
CNICS. http !is ww.ee.uca..eiiu%, ici_(vy,lIr

| Ingorpomad on Esampansth) ThetefRZ fqpaerfdrmalBednd 8dst B3 nNene

rayan , et al. January 1, 1980 - shows a nethod 2 for
nedaingdaedrendusty ke bzonmotmatddas prodarneahicngluofor dapedh both the
silicon. 3 US 6, 465,306 Ranshey . et al, Cctober 15,
2082ed losicmd hamegusquidmeigs.mat i on of charge storage and
bitline to wordline isolation. 5 T- TS 6,500,' N3 f?
amahey et ai |The statesdfoinsaatephirat@ss fdrawnvapadd seintigondanmge
to

memories are the SONOS (polysilicon-oxide-nitride-oxide-silicon) and the floating gate-

type memories. The SONOS is a multi-gate dielectric device consisting of an oxide-
nitride-oxide (ONO) layer in which charge storage takes place in discrete traps in the
silicon nitride layer.

The importance of overcoming the various deficiencies noted above is
evidenced by the extensive technological development directed to the subject, as
documented by the relevant patent and technical literature. The closest and apparently
more relevant technical developments in the patent literature can be gleaned by considering
Seong-Dong Kim, IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 49, NO.
10, OCTOBER 2002 Advanced Source/Drain Engineering for Box-Shaped Ultrashallow
Junction Formation Using Laser Annealing and Pre-Amorphization Implantation in Sub-

100-nm SOI CMOS. http://www.ee.ucla.edu/faculty/papers/woo_TransED oct02.pdf
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6 charge trapping dielectric layer frombit lute
inplantation, 7 US 6, 110, 845 Seguchi , et al, August
29, 2000 - Process for 8 fabricating 501 substrate
wi th high-efficiency recovery from danmage due to lon 9
implantation. 10 1 2 Summary of the Invention 3 The
enbodin-mts of the present invention provide a nethod
of 4 activating an inplanted contact region in a
substrate for a mernory device. S An exanple
enbodi nent for a nmethod of fabrication of a buline
contact 6 region for a nenory device can conprise the
steps of: 7 providing a substrate having a nenory
region; 8 providing in the logic region a |logic
transi stor having silicideregions over logic 9 SO
regions; 10 providing in said nmenory region, a nenory
transi stor cofordSaadf Naarryeial| Jagweay Ed 9B gi sinavsarpethod
menory drain regions and a nenory source 12 suicide
regnafinddsct-dias gonsddasy-wgealias of %@P‘bﬁ?coﬂl forming an
IL 1) dielectric | ayer over the substrate surface; 14
form ng a hi 45 Aot Rasrsbepe st Hg GciebeydiS 200 pSimultaneous
dielectric layer over the nenory 15 drain in said
rFRHEtign af @dreeErdee prd piging ¢ weidbee isglatiche substrate in
the nmenory r?%gon and into the nenory drain

6,500,713 Ramsbey et al. — shows a process for repairing damage to

charge trapping dielectric layer from bit line implantation.
US 6,110,845 Seguchi, etal. August 29,2000 - Process for
fabricating SOI substrate with high-efficiency recovery from damage due to Ion

implantation.
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17 region; 18 performng a bithne contact region
inplant to from an unactivated contact region 19
under said recess; 20 activating said unactivated

bi .thne contact region to forman activated bitline

21 contact region using a |laser irradiation process. 4
1 2 The exanpl e enbodi nents can he used wth nenory
devices in general and nore particularly with SONCS

nl enor; devices. 4 O her enbodi mrents are shown bel ow
and in the clains as finally issued. 5 The above and
bel ow advant ages and features are of representative ti
enbodi ments only, and are not exhaustive and/or

excl usive. They are presented only lie 7 assist in
under standi ng the invention. It should be understood
(trot they are not Mrepresentative of all the

i nventions defined by the clainms, to be considered
iitrtetaEions on 9 the invention as defined by the
clainms, or |imtatiorsmumarggfithedneentiont o t he cl ai ns.
For 10 instance, sone of these advantages may be

mut ual |y conthag@inbedmynts pfrthe prasent nesntion pregide banethod of
simul taneously present in a single enbodi nent.
Siativatmg lay imgleried cpdraimegiges spubstapgbi cabhery défict.o one
aspect of the invention, and inapplicable to others.
Fu t heE Wor e, Arcepmpicgmaspeentdors meth@d ¢ftfebrgh@innagd bitline contact
i nvention have not been di scussed herein. however, no
i iepien éneensshoylididsean dongriasvbe segasfdi ng t hose di scussed
herein relative to those not discussed herein other

t han froevididga plbstposesingfa nsace regiva; r educi ng
repetition. Thus, this summary of features and
advantpageding in the logic region a logic transistor having silicide regions over logic

S/D regions;

providing in said memory region, a memory transistor comprised of memory
source regions and memory drain regions and a memory source
silicide region over said memory source region;

forming an ILD dielectric layer over the substrate surface;

forming a bitline contact opening in said ILD dielectric layer over the memory
drain in said memory area;

forming a recess in the substrate in the memory region and into the memory drain
region,

performing a bitline contact region implant to from an unactivated contact region
under said recess;

activating said unactivated bitline contact region to form an activated bitline

contact region using a laser irradiation process.

4
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; _6 should not be considered diapositive in deter n
rung equi val ence. Additional features and 17

advant ages of he invention will becone apparent in the
foll ow ng description, fromthe 18 draw ngs, and from
the clains. 19 20 21 51 Brief Description of the,
Drawi ngs 3 The features and advantages of a

sem conduct or device according to the 4 present
invention and further details of a process of
fabricaEi og such a sem conductor 5 device in
accordance with the present invention will be nore
clearly understood fromthe 6 foilow na desc3 iption
taken in conjunction with the acconpanyi ng draw ngs in
which |ike 7 reference nunerals designate simlar or
correspondi ng el emen3:s, regions and portions and $
in which: 9 Figures | through_ 5 are cross sectiona
views for illustrating a method 10 for manufacturing
the bitfine cdntaotple enbahménts anive mpdywithehdmayg doiats imgeeneral
to an exanple i i einl3e;lii:rerit of the present:

i andemare particutaryDeitla ONOS Desory @tvicon or t he Exanpl e
Enbodi nents 3 4 The exanpl e enbodi nents of the
present i nverdthgrendpdinteots argphovebdldrve andin@leadding gdlinally issued.
activation of the bi#line contact doped region ,in the
snbstrate; fdrheabgye,angpbelg) adwantages and features are of representative

embodiments only, and are not exhaustive and/or exclusive. They are presented only to
assist in understanding the invention. It should be understood that they are not
representative of all the inventions defined by the claims, to be considered limitations on
the invention as defined by the claims, or limitations on equivalents to the claims. For
instance, some of these advantages may be mutually contradictory, in that they cannot be
simultaneously present in a single embodiment. Similarly, some advantages are applicable
to one aspect of the invention, and inapplicable to others. Furthermore, certain aspects of
the claimed invention have not been discussed herein. However, no inference should be
drawn regarding those discussed herein relative to those not discussed herein other than for
purposes of space and reducing repetition. Thus, this summary of features and advantages
should not be considered dispositive in determining equivalence. Additional features and
advantages of the invention will become apparent in the following description, from the

drawings, and from the claims.
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6 using laser irradiation to anneal/activate the
contact plug after inplantation. Besides being 7 able
to achieve high electrical ac ivanon (either by nelt
or non-nelt |aser anneal;), one of 8 the advantages
of laser annealing is that it only affects the surface
regi ons of the exposed 9 sem conductor substrate.
Hence, the |logic devices and the silicided regions
will not be 10 afi'ected drastically. In this way,
transi stor nenory devices can be fabricated together
with 11 |logic devices without any nmaj or changes in
the conventional CNIOS | ogic proce;ts flow 12 13 A
exanpl e enbodi nent of bit |ine doped contact region
process 14 The present invention will be described in
detail with reference to the 15 acconpanyi ng

drawi ngs. The present invention provides a nethod of
formng a contact 16 doped region in a substrate
(e.g., plug) to a HasdPescuiptionmd theBravings ovi de a
substrate having a logic region and a nenory region

18 19 Ref er r (Thgfeawrdsjagdpdvantagapel preoviaduciorsighise pepraling to the
having a Logic region 12 20 and a nmenory region 14, A
goNes Inerienand dpithopil¢tpilsipé a proeese df fahricatieg sushia spmitdandugton

In the logic region 12, logic devices will be forned.
Aevise insagprsdange with grejpsespirt éfventznl will be mprd desdlyfiderstood from the
crystalline silicon... 3 preferred substrate is a

1follgtipe desenymioaltdkicmen @njungifoa withithercaoripa@@ing dravéugs at whiah like
The substrate. 4 10 can al so be conprised of a
celpgmed ninpealsddsigosn siwalpieer cofrespdndiigy) elemangm tegtoins ardtportgons and
silicon on 5 ins utator substrate (S01), strained
shimhegdh or Si Ge (silicon-germanium.

Figures 1 through 5 are cross sectional views for illustrating a method

for manufacturing the bitline contact region in a memory cell according to an example

embodiment of the present invention.

6
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6 7 C logic region 8 W forgo in the logic legion 2
a MOS transistor 84 conprised of a 9 logic gate
dielectric 18, a logic gate electrode 20, logic LDD
regions 24, login, spacers 28 10 on the idewalls of
the logic gate el ectrode 20. The logic region 12 can f
urther contain al i Wll (not shown). 12 The MOS
transistors in the logic region 12 can be both NMOS
and 13 PMOS, and can have both thin gate oxide and
thick gate oxide (e.g., 1/0) devices. In this 14
exanpl e enbodi nent, a Nn'lilS transistor i.s shovrn. S
]5 16 D. nmenory cell |7 W formin the nenory (cell)
region 14, preferably at netrtory IS transistor (weh
as a SONOS transistor) conprised of a nenory gate
dielectric 52 54 56, a 19 nenory gate el ectrode 60,
menory drain regions 50 51, nmenory spacers 58 on the
20 sidewall's of the nenory gate el ectrode 60. 8 |I The
menory drai n Pegjledesgiptin ¢ tee Examplel Egibrdimeatreousl| y
wth the 2 LDD regions 24 in the Logic region 12. The
drain region 51 will be subsequently 3 aannecte t to a
raised bitlitxc by the bit line contact plug. 4 The
menory gate dilelegunnls embehikent{ NG presnpnehgpainto improve the
conprised of a 5 |lower oxide layer '52, a mddle
neleetiiend aqtiygtéan of theiinagpnigspéapedreizive (inalyeeubShie, for e.g., plug) by

using laser irradiation to anneal/activate the contact plug after implantation. Besides being
able to achieve high electrical activation (either by melt or non-melt laser anneal), one of
the advantages of laser annealing is that it only affects the surface regions of the exposed
semiconductor substrate. Hence, the logic devices and the silicided regions will not be
affected drastically. In this way, transistor memory devices can be fabricated together with

logic devices without any major changes in the conventional CMOS logic process flow.

A. example embodiment of bit line doped contact region process

The present invention will be described in detail with reference to the
accompanying drawings. The present invention provides a method of forming a contact

doped region in a substrate (e.g., plug) to a memory bitline.

B. provide a substrate having a logic region and a memory region

Referring to figure 1, we provide a substrate having a Logic region 12

and a memory region 14. A SONOS memory cell will be formed in the region 14.

7
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6 The transistors in the nenory cell can be both
Nit'MOS and PMOS. In 7 this non-limting exanple
ernbodi ment, a NMOS i xansi stor is shown. 8 The SONGS
menory region also preferably conprises a cell first
well 9 (e.g, Nwel) 42 and second well (e.g.. Pwcll)
region 40. Region 44 preferably is 10 conrtprised of
the shallow Pwell & Vt Inplants. The description bel ow
uses N and P type 11l doping for the device, but the
conducti bi hEy types can be either p or n, 12 As shown
in figure. 2 the rrEemmry cell can conprise a first
and a second 13 nenory transistors 80 (50 52 54 56 50
62 58 48) and 82 (51 53 54.56 60 62 58 48) that 14
share a conmon cell source line (SL) 48. 15 Logic gate
spacers 28 and Menory gate sPacers 58 are forned on
ﬁ@“%%ﬁ%@@%ﬁW“WWE%@HnmaMWCQD
inplant 18 Still referring to figure 1, erforma
source and dri&f sbptetoi0 ip @quﬁ"fﬂl‘léﬁﬂfwf lS%Oftcéysfaﬁr%Sﬂ@gﬁl-e’\
S/D regions 26 adjacent to the |ogic spacers 28 in
e ghbstraEgs # pgpRsrerisalline § wags wiBard ) onaswsiop. Ths|spbstrate
Source Line" inplant to forma nenory 3 source line
48 can dpq bq comprisgdrgf ggriseslifne gikicen walengd (&) parnmtian. awsligon pn
Cell Source Line 5 (SL)"" inplant to fours a nenory
Seykae sphstate 4308 suraifed sibepmroy Sieegbibiernigermadjis®ent to t he
6 nmenory spacers 58. During this cell SL
i nsplantation, the logic region 12 is covered with 7
phot . o( esi sl

C. logic region
We form in the logic region 12 a MOS transistor 84 comprised of a
logic gate dielectric 18, a logic gate electrode 20, logic LDD regions 24, logic spacers 28
on the sidewalls of the logic gate electrode 20. The logic region 12 can further contain a
well (not shown).
The MOS transistors in the logic region 12 can be both NMOS and
PMOS, and can have both thin gate oxide and thick gate oxide (e.g., I/O) devices. In this

example embodiment, a NMOS transistor is shown.

D. memory cell

We form in the memory (cell) region 14, preferably a memory
transistor (such as a SONOS transistor) comprised of a memory gate dielectric 52 54 56, a
memory gate electrode 60, memory drain regions 50 51, memory spacers 58 on the

sidewalls of the memory gate electrode 60.
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8 G annealing and activating the SID regions 9 Next,
we anneal the substrate to activate the inpurities in
the substrate 10 such as the LDD and SIT) regions in
logic region 12, as well as the drain and cell SL
region 11 in nenory region 14. Preferably we use an
rapid thermal torte-,it (RTA) process with a 12
tenperature between 1000 and 1300 C for a tine between
500 nticrosec and 5 sec. The t "s RTAw |l cause the
dopants to redistribute and becone activated, for

e.g., the cell SL 48 i4 will diffuse to connect with
the cell Nwell 42. Cell SL 48 will also diffuse
laterally 15 towards the nenory gate el ectrode 60. 16
17 H formng suicide 18 As shown in figure 1, we form
silicide regions 30 32 62 64 (e.g., logic 19 S11)
silicide 30, %mr%ﬁmd%@mﬁeﬁgéreafar,meétsm)ultav@pslvwéth the
logic gate electrode 20, the logic 10 S, T) regions
ZBISDFP%OI}?%‘? (e faeie regioaclr Bepedra0 regied Jrvitltve sehseaneyily
source tine 48. Note that 2 preferably no siheidc is
f SIREEII0 araiseH bitheedtydhe bifise eont#re Pient act doped regi on

(plug) will 3 be formed. This is easily achieved by
using it silildledensnogic Heledriasadk ODEN isryefosebecomprigd of a
nil ride, which will be subsequently renoved. 5 The

siomerexide lpger p.afreiddlp nijridedmysr 54 edd of urpebeilide Isyer PG de,
titaniumsilicide, 6 nickel silicide, or nickel-

?l atin a:n siTheitemgsitqreinthadanemonyselomt berpothf VIQS| apd PMOS. In
cobalt suicide. 8 As shown in figure 2, we foram an

| itseen-dyslinggixanple empedifipnt3) NMgdsarangiglor @ siower. t he
substrate surface. The ILD | ayer is pxefcrab.y

conpri sed of ThelS@NeKSsmemerg fegiculilsp preferably comprises a cell first well

(e.g, Nwell) 42 and second well (e.g., Pwell) region 40. Region 44 preferably is
comprised of the shallow Pwell & Vt Implants. The description below uses N and P type
doping for the device, but the conductibility types can be either p or n.

As shown in figure 2 the memory cell can comprise a first and a second
memory transistors 80 (50 52 54 56 60 62 58 48) and 82 (51 52 54 56 60 62 58 48) that
share a common cell source line (SL) 48.

Logic gate spacers 28 and Memory gate spacers 58 are formed on the

gate sidewalls,

E. perform a logic S/D implant

Still referring to figure 1, we perform a source and drain (S/D)
implantation to form logic S/D regions 26 adjacent to the logic spacers 28 in the logic

region 12.
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to conprising : (Layer 1) a silicon nitride |ayer,
(layer 2) undoped silicate g.las (LLSG |aver 11 and
(layer 3) born-pl n;,1& .>-silicate class (BPSC;) or
p;tospho-silicate glass (PSCs) layer. 12 The ilLD

| ayer preferably has a total thickness between 3000

and 0000 A. 13 14 1. forma contact opening 15 W
forma contact opening 70 in the ILD dielectric |ayer
68 over the 16 nenory drain 51 in. the n enor.v

region 14 preferably using a mask and etch process.

1"7 During this ILL? etch, the Logic region 12 is
covered with photoresist. 18 J. etch an recess 19

Next, we etch an opening (Si recess) 74 in the
substrate in the nenory 20 region 14 and preferably
through the drain region 5 1 adjac:eat to the nenory
gate it | electrode 60. The opening 74 exposes the
menory dwell 42 and exposes the rnenDry drain 2 51 on
t he s”gema | of .the o n|n referably
has a [d&5M0Bt WEEROS. 8%%5[2%0%% trtB rm g mg@gory
pur pose of the oPenl g 74 isto dope t he exposed
menory N wéPHIC&NE ghus formng the bitline contact

pl ug upon subsequent activation. 8 K. Optiona

pr ear nar phi ziStig refpinaitd figurd h verpediptr e abmsty €joll tShace Lige
performed If the subsequent |aser irradiation 10 of

t (¥&) himpbnetodom acemdy snwhslineves ic thestahdry regioSil4 awecent to the
perfoi 7 : a pre-anorphizing onpl ant

memory spacers 58. During this cell SL implantation, the logic region 12 is covered with

photoresist.

G. annealing and activating the S/D regions

Next, we anneal the substrate to activate the impurities in the substrate
such as the LDD and S/D regions in logic region 12, as well as the drain and cell SL region
in memory region 14. Preferably we use an rapid thermal anneal (RTA) process with a
temperature between 1000 and 1300 C for a time between 500 microsec and 5 sec. The
RTA will cause the dopants to redistribute and become activated, for e.g., the cell SL 48
will diffuse to connect with the cell N well 42. Cell SL 48 will also diffuse laterally

towards the memory gate electrode 60.

H. forming silicide

As shown in figure 1, we form silicide regions 30 32 62 64 (e.g., logic

S/D silicide 30, memory source silicide 64, etc) over the logic gate electrode 20, the logic

10
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11 using 9i+ or Ge+ to [JS arnfJSpiuze". the

substrate prior to the bidine contact piug inplant.

12 This is because the nelting tenperature of

anor phous slticon (a-Si) is --250 Clower than 1 3

that for crystalline Si. Taus the process margin wl |

be increased. 14 L. performa bitline contact plug
inmplant to froma (non-activated) 9 bi We contact

regi on under the opening 16 17 As shown in figure :2,

we performa bit:in e contact region plug) inplant IS
to forma (non-activated) doped contact region 76

under the ol:wring 74 in the iubstr'ate. 19

Preferably, for a P device, P-type ions such as E+ or
BF2+ are inplanted 20 into the contact opening to
formthe doped contact region 76. For exanple, the

i M) FEHPnS 2P, the R clestrodg Qad pRdiedpreaty squregrline 48. Note that
energy between 1 and 5fi ke'V and at a dose between 2
ettty gtliside ani@rmsd @or the ragton whke taossseict dgpdresivasplag) will
depth beneath the contact opening 3 between 4 and i0

alrft fornaed. ‘Bhipjs caghyjaghigeedipy emaga@@umg@w@@l@narci sgikonich & dxilersr
an activated doped 6 contact region using a Laser

i Mg atishovillldreselssguendy ghoved- i n figure 3, we

acti vate/ anneal the doped contact region 76 fi using

a laser irradbasiligde proodersdly pamprged pf) cobpfesiligide titanium silicide,

i rradiation process preferably conprises exposing the
nickel silicide, or nickel-platinum silicide and is most preferably cobalt silicide.

As shown in figure 2, we form an interlevel dielectric (ILD) layer 68
over the substrate surface. The ILD layer is preferably comprised of 3 layers; preferably
comprising : (layer 1) a silicon nitride layer, (layer 2) undoped silicate glass (USG) layer
and (layer 3) boro-phospho-silicate glass (BPSG) or phospho-silicate glass (PSG) layer.

The ILD layer preferably has a total thickness between 3000 and 10000 A.

1. form a contact opening

We form a contact opening 70 in the ILD dielectric layer 68 over the
memory drain 51 in the memory region 14 preferably using a mask and etch process.

During this ILD etch, the logic region 12 is covered with photoresist.

J. etch an recess

Next, we etch an opening (Si recess) 74 in the substrate in the memory

region 14 and preferably through the drain region 51 adjacent to the memory gate

11
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11 substrate to light of it selected wavel ength at a

desired Quence (energy or power density). 12 The |

| aser can be pul sed or continuous wave in nature. The

wavel ength of the laser 1; irradiation is'be.tween

2.48 ntn and 10.6 micron. The |aser energy density can

be in the 14 range of 0.3 to 1.10 i/ctn2. | he

optical power density is in the range of 50 to 700

kWcecn2. It 15 nelting occurs, the Si |ayer

recrystallizes via limt phase epitaxy fromthe

underlying 16 substrate. 17 One preferred feature of

the | aser anneal is that it is very short in 19

duration, for e.g., the annealing tinme is in the range

of 50 ns to 800 tnicrosec. Hence the 19 ranp up and
down rate of the |aser anneal is hutch higher

t ﬂ‘«aqﬁmfi%@) dBNURSAIE S &KPOsEROnE (rpmory At erang eeirasesrthgymemory drain

feature is that only the top surface region that is

exposBesitavylné the opgiet i s heated up. Therefore, the

| aser anneal will not have any ni ficant adverse

i npact 13 | Tha Ot)fﬁl@lgzﬂ‘lrl;é%fevblv@ﬁq m%-‘@thsberwecen de@anrdelgldns

and the already activated SID aand LDD regions in 2

t H8SYWE ¢ and nenory region. To ensure that the

already formed silieided regions and the 3 already

activated SI Bhanerpmtof theeqgrong 74is & drpe thexapessil weingry N well

heated by tl-e |aser anneal, it is 4 optional to have

af Bnt formiag the @ttllﬂﬁecohﬁyt&ﬂug:mp @ebseqventlactivitiens except

for the exposed bitine 5 contact region "116. The

anti-reflective |ayer can be part of the |i3Y

ogral:rtair, process when we 6 mask to etch contact

openi ; tactivated hitline

cont acr:,tg' ?’g'g‘f"gzﬁg%&ﬁéﬂﬁ’zﬁ?gém?ﬁ he S contact

(r: gf] In:f: ? 2 8 eWI Egll %)éloe%llb | etp lﬂu\rﬁgsl H%%g.rtﬁ%g fgrle glbgerglugn% laser irradiation

of the bitline contact 76 melts the crystalline Si, we perform a pre-amorphizing implant
using Si+ or Ge+ to preamorphize the substrate prior to the bitline contact plug implant.
This is because the melting temperature of amorphous silicon (a-Si) is ~250°C lower than

that for crystalline Si. Thus the process margin will be increased.

L. perform a bitline contact plug implant to from a (non-activated)

bitline contact region under the opening

As shown in figure 2, we perform a bitline contact region (plug) implant
to form a (non-activated) doped contact region 76 under the opening 74 in the substrate.
Preferably, for a P device, P-type ions such as B+ or BF,+ are implanted

into the contact opening to form the doped contact region 76. For example, the implant

12



10

11

12

13

14

15

16

17

18

19

20

2]

10 N. forman opening in the logic region 11 Next,
referring to figure 4, we forma contact opening 71 in
the ILD 12 dielectric layer 68 over the logic Sir
region 26 in the logic region 12 preferably using a

13 mask and etch process. 14 15 0. conplete |ogic and
menory devices 16 17 Next. we form conductive contact
plugs to the devices. As shown in 18 figure 5, for
exanpl e, we formthe conductive plug 92 over the logic
Set) region and 19 conductive plug 90 over the nenory
hitline. region 78. Both the conductive/coniact plug
20 90 and 92 can he forned by first depositing, a thin
harrier nmetal |ayer over the contact 14 | opening 70
and 71, followed by filling the openings with a
conductlve nmetal all the wa 2 the substrate's

é*a?srBdefeB ﬂ%l@@ﬁ'&%%tlavénw thearl ﬂF‘PI5P ﬂ(?]\j ang gt fb?féﬁp'”ﬁyée“
IS 3 preferably tungsten . This is

fléll(i) dﬁs@daw &0 CABn Tl d OR/E%YI%&HF g%ﬂadp ibenriafhhg cqopoy opening

step 4 to pltnaarize the surface. Conventiona

5ﬁ6ﬁﬁgéﬁﬁbﬂﬁ@nthen done to conplete both the logic 5

and nmenory device. 6 7 8 P. enbodinent's |aser
irradiation

M. activate the doped contact region to form an activated doped

contact region using a Laser irradiation process

As shown in figure 3, we activate/anneal the doped contact region 76

using a laser irradiation process 74.

The laser irradiation process preferably comprises exposing the
substrate to light of a selected wavelength at a desired fluence (energy or power density).
The laser can be pulsed or continuous wave in nature. The wavelength of the laser

irradiation is between 248 nm and 10.6 micron. The laser energy density can be in the

range of 0.3 to 1.0 J/cm®. The optical power density is in the range of 50 to 700 kW/cm®. If

melting occurs, the Si layer recrystallizes via liquid phase epitaxy from the underlying
substrate.

One preferred feature of the laser anneal is that it is very short in
duration, for e.g., the annealing time is in the range of 50 ns to 800 microsec. Hence the
ramp up and ramp down rate of the laser anneal is much higher than the conventional
RTA. Another preferred feature is that only the top surface region that is exposed to the

laser is heated up. Therefore, the laser anneal will not have any significant adverse impact
13
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9 10 The enbodi nents of the present invention ains to
provide a nethod io 1 i s" hr'e the problemof the
poor electrical activation of the hithne contact plug,
where the 12- l:ritli.ne contact etch and inplant are
performed after the. silicidation process is done for
the 13 logic regions. 4 The enbodi nents are
applicable to other types of nenory that. require the
el ectrical 15 activation of the hotline contact plug
after the sAicide is formed. 16 0. problens exanple
enbodi nents solve 17 The inventors have realized that
one of the problenms in fahriczuing 18 St)NOCS-type
nonvol atil e transi stor nenory cell devices is the poor
el ectrical activation of 19 the bitline contact

(pl d d on if the hitine contact etch is

p&' 7o %‘ﬁf‘é*g$ el g{‘%edzagl?frsl anfl theralraly grieisd /D wrblBRiegiens in
& erat re of the. hithne contact plug cannot be too

hi'g glfﬁl [MEGOERreIon o qusie thagthe P*é@défqﬁ@%%h@ﬂ%iéﬁglons and the
reS|stance g causi ng aggl oneration or converting the
2l eacHyate oS/ &P%@Pg% o NeLPX e by heptrd by iesrlpgr anneal, itis
budget is further constrained in order to 3 mnimnze

t FREONHEAREYC o 2t tlpiy Evefeipried 8n Blb agipcEcqph for the exposed bitline
Source![}rain activation anneal of the 4 logic
deniacieesing 40 dihe axtiplpriva 1yendn ot edt pirtholithpgraghigprocess when we
dofflng of the bidine coal ac region. 5 6 A reason
t REKNORISBCofsttbPRENINE 78ensi tive |0 the Poor electrical 7
;activation of the Ili: title plug is because the

bitline contdde Pepers cAHY aehpiedriitliag eonfek region AaEdo feguce the
after the silieidation process is done for the |lo
r@@}a@ﬁgs_lstqufcé.n@ée’ ce@,@ubwtactsrggpiéz% isicpgnected with the cel N well 42.

N. form an opening in the logic region

Next, referring to figure 4, we form a contact opening 71 in the ILD
dielectric layer 68 over the logic S/D region 26 in the logic region 12 preferably using a

mask and etch process.

O. complete logic and memory devices

Next, we form conductive contact plugs to the devices. As shown in
figure 5, for example, we form the conductive plug 92 over the logic S/D region and
conductive plug 90 over the memory bitline region 78. Both the conductive/contact plug

90 and 92 can be formed by first depositing a thin barrier metal layer over the contact

14



10

11

12

13

14

15

16

17

18

19

20

9 wafer to a high tenperature anneal or else the

al ready forned suicide will degrade. 10 1 | R
Port-limting exanple enbodinents 12 13 In the above
description nunerous specific details are set forth
such as 14 flow rates, pressure settings,

t hi cknesses, etc., in order to provide a nore thorough
15 understandi ng of the present invention. It will be
obvi ous, however, to one skilled in the 16 art that
the. present invention may be practiced w thout these
details. to other instances, 1? well known process
have not been described in detail its order to not
unnecessarily obscure 18 the present invention. Also,
the flowrates in the specification can be scal ed up

3 efgi%vﬁ%%ﬂd? e i‘@ 586 o o aafgn({ugﬂmm g
E%%U?&fag% haptie€dne S Bkt B atreoranaes g 'e:“ 3
: {
¥ %’f%raﬁ%mgkteﬁﬁ?’iﬁbf%ﬁ Wavels SCprbbudbeioia Blrbae (e sep

e val u n 4. G ven the variety of enbodi ments
O P e POBEIOH SIS OEE AT o e SoU osic
descri n.and il htstrations show trot- be taken as
14" Fﬁ 5 {%&°scope 6 of the present invention defined
by the clains. 7 Wiite the invention has been
particularly shown and described with 8 reference to
the preferred enbodi nents tktereof, it wll be
understood by those skilled in 9 the art that various
changes in formand details may he nade w t hout

depar tg 00, d S AMehP§ taser irradiation

The embodiments of the present invention aims to provide a method to
solve the problem of the poor electrical activation of the bitline contact plug, where the
bitline contact etch and implant are performed after the silicidation process is done for the
logic regions.

The embodiments are applicable to other types of memory that require the electrical

activation of the bitline contact plug after the silicide is formed.

Q. problems example embodiments solve

The inventors have realized that one of the problems in fabricating
SONOS-type nonvolatile transistor memory cell devices is the poor electrical activation of
the bitline contact (plug) doped region if the bitline contact etch is performed after the

silicidation process. The anneal temperature of the bitline contact plug cannot be too high
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10 spilt and scope of the.. invcent,,ort. It is

i ntended to cover various nodifications and simlar i
1 arrangenents and procedures, and the scope of the
appended cl ainms therefore should be 12 accorded the
broadest interpretation so as to enconpass at., such
nodi fications and simlar 13 arrangenents and
procedures. 14 15 16 1- tl 17 Wiat is clained is:
1. A nethod of fabrication of a bitline contact region
for a menory device conprising the steps providing a
substrate having a logic region and a nenory reg;ici;
providing in the logic region a |logic transistor
havi ng si hcide regions over logic S ,,D regions;
providing in said nenory regi on, a nmenory transistor

source regi.on and a
e hWﬁ@gfeFtdhe % ﬂdeashﬁ%mwn%m% Sm%ﬁﬁg&q%atwe@r e vesviag the
source region; formng an TL: D dielectric
B BB R [ B QG LA DU B TSGC R R gOrer o
contact opening in said ILI 7 dielectric |ayer over the
n@%rpve th&rugpzﬁ:t {%é@ff l@ﬁlc dﬁv1§eélbacaﬁm? §oq,r%lpaﬂ1 activation anneal of the

logic devices has already been conducted prior to the doping of the bitline contact region.

A reason the NOMOS memory is sensitive to the poor electrical
activation of the bitline plug is because the bitline contact etch and implant are performed
after the silicidation process is done for the logic regions. Hence, we cannot subject the

wafer to a high temperature anneal or else the already formed silicide will degrade.

R. Non-limiting example embodiments

In the above description numerous specific details are set forth such as
flow rates, pressure settings, thicknesses, etc., in order to provide a more thorough
understanding of the present invention. It will be obvious, however, to one skilled in the
art that the present invention may be practiced without these details. In other instances,
well known process have not been described in detail in order to not unnecessarily obscure
the present invention. Also, the flow rates in the specification can be scaled up or down
keeping the same molar % or ratios to accommodate different sized reactors as is known to

those skilled in the art.
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formng a recess in the substrate in the nmenory region
and into the nenory drain region; performng a
hitline Contact region inplant to form an unactivated
bi | bne contact region under said recess; activating
said tniaetivated hitline contact region to form an
activated hitline contact region usinc a |aser
irradi ati on process, 2. The nmethod of claim| wherein
the laser irradiation process conprises exposing the
substrate to light of a wavel ength between 248 nni
and 10.6 mcron; and a | aser energy density between
0.3 and 1.0 J%in. 2; and an optical power density in
the range of 50 to 700 kW/cnR; and the | aser
irradiation is pulsed or conti nuous mave 3. A nethod

of fabricati itli e cont act |on for a_meno
J de' vice c pﬂﬁntvﬁté‘te f’g‘ﬁ@"lse gach ﬂP ?ﬁ‘c&' end range

substrat e having a | ogi c; n and g_menor y regi on;
p%elfi&? HeprRted ﬁ%bq”b‘iﬁp rqxé@z}t%?g% iPipe 8! & Bt ShePRpBaey
having, sihcide re” ions over logic S/D regions; 18
pﬁ‘rFﬁ?Fl?ﬂ g V3 VA F3Pet-egi on, a menory tr ansi st or
conprised of a menory source region and a meno

drain regi onCi¥Srths Yf’@le'a'rPf FE’IZ‘)?““&F P ldhy Preserlb%frnﬂe%lﬁt

t he substrate surface; a bitline contact
ofreriitag therbeys drseripboy e ‘@E%t’iaP%“S Sh‘é‘\j é?t b \kEn fHENIRHEE yeope

drain ) ) _ )
of the present invention defined by the claims.

While the invention has been particularly shown and described with
reference to the preferred embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made without departing from the
spirit and scope of the invention. It is intended to cover various modifications and similar
arrangements and procedures, and the scope of the appended claims therefore should be
accorded the broadest interpretation so as to encompass all such modifications and similar

arrangements and procedures.
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region in said inenory region; formng a recess in the
substrate in the nenory region and into the nenory
drain region; performng a bitline contact region
implant to forman unactivated hitl-ine contact region
under said recess; actit acing said unactivated
bitline contact region to forman activated bitline
contact region using a |aser irradiation process. 4.

Whatg@gn pod of claim3 which further includes form ng

tact openings in the ILI7 dielectric [|ayer over
n.the

LA I?egf%i sl 08B Sga kan Bkt Sefipyising the stvs

of:

The nmethod of claim3 wherein said nmenory transistor
is a SONGCS transistor.. 6. The nethod of claim3
ViNeYIgIng asHestiaieshay ingrar lggie A5giehand  BeBe e i ses
in %%H&@ R34, t

BRI R R By e Pl AU SRR r e
"t he Lsd@ecglonscadl ation between 248 nm and 10 6

a | aser ener bet ween ,0..3 and 1.0
TrERNe 1R 3% e SR ee B BmP SRt S PR o 4 Bt
50 t 0 s60Re KM@ NBiad an@nbhedhiasegion aﬁcaﬂmmognsduscepul sed
or conti nuous wave. 7. The nethod of claim 3 wherein
the | a8ide regignP4e:said RGN SQUIGHIFEMIN ng time is in the

r @RS Ah 15 At O8I XV e 9@&&&@@@ &, The method of
cIa|m3 whi ch farther includes ?ormnglnthe

| foghimg rdxflionicentdcd gpaning larssudsILBrdleicwpqr layetbvef the neoyirg
gate ddrel ectr ate el ectrode, logic LDD

regi onsT ¢ (imcmssﬁlacllcnel?rlég re%I e sidewal ks of said logic
gdhRinglagedesOifl@he substrate in the memory region and into the memory drain
region;
performing a bitline contact region implant to form an unactivated bitline contact region
under said recess;
activating said unactivated bitline contact region to form an activated bitline

contact region using a laser irradiation process.

2. The method of claim 1 wherein the laser irradiation process comprises exposing the substrate

to light of a wavelength between 248 nm and 10.6 micron; and a laser energy density between

0.3 and 1.0 J/em®; and an optical power density in the range of 50 to 700 kW/cm?; and the laser

irradiation is pulsed or continuous wave.

3. A method of fabrication of a bitline contact region for a memory device comprising the steps

of:

providing a substrate having a logic region and a memory region;
providing in the logic region a logic transistor having silicide regions over logic S/D

regions;
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|4 b) fbi-wing in said nenory region, a SONOS

transi stor conprised of a nenory gate dielectric, a
nmenory gate el ectrode, nenory LDD regi ons, nenory
spacers on the sidewalls of said nenory gate

el ectrode; said nenory gate dielectric is conprised
of a lower oxide layer, a mddle nitride |layer and an
upper oxide layer; c) performng a S/Dinplant to

bFRAARS il | ' diacent said
pRRIARL i SpEfory Q600 AhEndtah S L AL EEE hefBhdbource
S/ D r egiconsdiaimensaiy draienagion; regi on; d) forming |ogic

ate s nd.  Menor ate spacers on the gate
f‘?“&’é%%@@f%?tgf rlﬁyr‘?bo‘f%él% S&E%taa?%s ¥%gi ons adj acent
$@hiind OBitithegBh@cEIpRainG Qd&iid LTS A chRTher b6 tRmembly drain
performng a Menory Cell Source Line inplant to forma

nenor ELEHUR s8d memory fegéd d - menory regi on adj acent to
RO PR kS S L0 0BT ey i e
pedoronsg a biflideiconianigregioh irapldet to éghronsumuvatsibitdink 0ghtct region
gate el ectr. deé said logic S/D regions, said nenory

gat e 8?‘%5?‘?“85‘35 ¥nd on said nenory source line. 9. A

aaiaaee ofid halfilfad bielthe@bn@cthbdbNe ©AALAGLH VR BMlink O8ntikt
SONGS devi ce conpri si n% the steps of: a) providing a
subst Fegtos UsBMgiadascairradiglion pexsessn anrd a nenory regi on;
b). forming in the logic region ale OS transi stor
conprised oP a logic gate dielectric a logic gate

4. The glegodrofdiim Bogiich fubBerriegudssormhingiconapaapenisigoin thé HeD dielectric

layer over %%Vygéit D geg?o%ls (iIn lh%qcl)gclc geagtlo%; grllde ctrode,

forming conductive plugs in said contact openings.
5. The method of claim 3 wherein said memory transistor is a SONOS transistor.

6. The method of claim 3 wherein the laser irradiation process comprises exposing the substrate
to light of a selected wavelength at a desired fluence with a wavelength of the laser irradiation
between 248 nm and 10.6 micron; and a laser energy density between 0.3 and 1.0 J/cm?; and an
optical power density in the range of 50 to 700 kW/cm?; and the laser irradiation is pulsed or

continuous wave.

7. The method of claim 3 wherein the laser irradiation process annealing time is in the range of

50 ns to 800 microseconds.

8. The method of claim 3 which further includes:
a) forming in the logic region a logic transistor comprised of a logic gate dielectric-, a
logic gate electrode, logic LDD regions, logic spacers on the sidewalls of said

logic gate electrode,
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| ogi c LDD regions adjacent said |ogic gale el ectrode
in said logic region; logic gate spacers on the |ogic
gate el ectrode sidewalls; logic S/D regions adjacent
said logic gate electrode in said |logic region; a
menory source line in said nenory region adjacent to
said nenory gate electrode; c¢) formng in said nenory
region, a nmenory transistor conprised of a nenory

. : ; ' ;
B o R iR i e
menor ieffatre, a slepoty grde clecrentior meiSH Y [RiYiregisnsi mesaiytspacers on
menory_regi on: r ate 2 spacers are funned on .

the nitots g o BlUBr PO dRheEn e e i
under c&apikedB® [ofveg dkle 1€)kr, GaniaHRGitSHE [aGEAR 8RB xide layer;
over at |east one of the followng: said |ogic gate

&) eetrpig, 2 YR igplayglocimplat g iofesn lege §DRbieBiops gdieent said
el ect [oggﬁga@@gectl%ﬁe i fo%ﬁ@éi%n égf&gﬁoh}ggghre ?&L;%l% fAbid memory

over sald nenory S/D regions; e orm
di el ectgrane | ayer over the substrate surface; forming a
|t ine contact openi in said ILD dielectric |ayer
8 kPRl SETaRE by RBEPR VoS o spisinmao v 8l on:
g) fok @t thglogicr$DesE ohdudjdtentsutdsbgiabe kelkct-b® iMRARNYgic region;
regi on and througglthe menory drain_region adjacent

Dperioemipg rgpgmey st el slosrel derimpdat & fospadreraxjjceese tikrin said
Menor y Weky 1@ adjacent to said memory gate electrode;

g) annealing and activating the memory S/D regions and logic S/D regions;
h) forming silicide regions over said Logic gate electrode, said logic S/D regions, said

memory gate electrode and on said memory source line.

9. A method of fabrication of a bitline contact region for a SONOS device comprising the steps

of:

a) providing a substrate having a logic region and a memory region;

b) forming in the logic region a MOS transistor comprised of a logic gate
dielectric-, a logic gate electrode, logic LDD regions, logic spacers on
the sidewalls of said logic gate electrode,
logic LDD regions adjacent said logic gate electrode in said logic
region;
logic gate spacers on the logic gate electrode sidewalls;

logic S/D regions adjacent said logic gate electrode in said logic region;
a memory source line in said memory region adjacent to said memory
gate electrode;

¢) forming in said memory region, a memory transistor comprised of a
memory gate dielectric, a memory gate electrode, memory LDD
regions, memory spacers on the sidewalls of said memory gate

clectrode; memory S/D regions in said memory region; memory gate
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exposes the nenory drain region on the sidewall of the
recess; h) performng a bitline contact region inplant
to forman unactivated bitline contact region Under
said recess; i) annealing said unactivated bitline
contact region to forman activated hitlrne contact
region using a laser irradiation process. 10. The

nmet hod of clainh 9 which further includes form ng

conta

A L R T S s
conduamﬂumdghmgbnﬂmnsgm@ contact openings. 11. The

| ai m9 whe st rate

AFirEEEe e RplhloVial Ertonght b BISHAR Edei o
cl ai mgBtewhetredd) sﬁal@m@/mreglogms@lddm@ﬁ&y hite @lek®ode and
conprlsed of a | ower oxide |aver, dle nitride
| ayer Oaﬁa @?ﬁrmswurwlmebvwépverf@d mqm@rwéfmmmﬁ

bet ween 200
%bn MI%%{E?I re %?rg qjayéle&%% ﬁle%ﬁﬁ%t%ﬁp%becl aim9 which
ff)JfOtnhmg d nding dwacps |0pcmng o satd L) dikliecter layongeee ther egi on
i mpl ant n r eanor hlZIng i npl ant using Si
or " o bbb Tisn SRR RS rat o 1 ¢ he

[ CRfng 2decdss ibthe ThigstaRtR Gt BEmEdyatib®anh@fRigh tHehBemory drain
bitline contact region inplant conprises using B or

greion peent Wﬁh%?@ark&ateaﬂect@ﬁ@rsggﬁ BeHeEsE laneemspy well and
‘%ﬁﬂos@@gle‘?ﬁen?or? ﬁﬁa‘?n %fo%‘ﬁrihé §dQIALGThe ARgs3xI OFh/ cnl ©

t he unacti vat ed I ne contact region s a depth

the: perdarining hbltlstwb@ntaattreglsnl nfipleet tofemi mguraeti watslbiBinakantact
5nglon under said recess;

i) annealing said unactivated bitline contact region to form an activated

bitline contact region using a laser irradiation process.

10. The method of claim 9 which further includes forming contact openings in the ILD dielectric

layer over the logic S/D regions in the logic region; and

forming conductive plugs in said contact openings.

11. The method of claim 9 wherein said substrate is comprised of crystalline silicon.

12. The method of claim 9 wherein said memory gate dielectric is comprised of a lower oxide

layer, a middle nitride layer and an upper oxide layer.

13. The method of claim 9 wherein said recess has a depth between 200 and 1200

angstroms.

14. The method of claim 9 which further includes prior to the bitline contact region implant;

performing a preamorphizing implant using Si or Ge to preamorphize exposed substrate

in the recess.
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16, The nmethod of claim9 wherein the |aser
irradi ati on process conprises exposing the substrate
to light of a selected wavel ength at a desired
tl..uence with a wavelength of the laser irradiation
IS between 248 inn and 10.6 m cron; and | aser energy
density is between 0.3 and I.i) i/cna; and the
optical power density is in the range of 50 to 700 k4
/crn'; and the laser irradiation is pulsed or
conti nuous wave. 17. The nethod of claim9 wherein the
15. Th gethodiof clath tvitereipthodebise amteardgi itiptaat femprises heng B or BF

ions 1mr1.)fjel1ﬂ%g aP :Fln enselogynbset\}vgenslogldrgockregsaen%%{]9 ﬁbse%zetween
1x10'*/cm? and 3x10"*/cm?; the unactivated bitline contact region has a depth beneath

the substrate surface opening between 5 and 50 nm.

16. The method of claim 9 wherein the laser irradiation process comprises exposing the
substrate to light of a selected wavelength at a desired fluence with a wavelength of the laser
irradiation is between 248 nm and 10.6 micron; and laser energy density is between 0.3 and 1.0
J/cm?; and the optical power density is in the range of 50 to 700 kW/cm?; and the laser irradiation

is pulsed or continuous wave.

17. The method of claim 9 wherein the laser irradiation process annealing time is in the range of

50 ns to 800 microseconds.
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