10

11

12

13

14

15

16

17

18

19

20

1234 5LASER ACTIVATION OF IMPLANTED CONTACT PLUG FOR 6
MEMORY BITLINE FABRICATION 7 8 9 10 11 Background of Invention 12
1) Field of the Invention 13 This invention relates generally to fabrication of
semiconductor devices 14 and more particularly to the fabrication of an
implanted bitline contact plug. 15 16 2) Description of the Prior Art 17
Advanced semiconductor chips, now being manufactured in industry, 18 are
composed of logic or memory devices. Logic devices are used to process
information 19 or data, while memory devices are used for data storage.
These two types of devices can be 20 found in almost all computers,
however they are usually found on specific chips, reserved 1 1 for either logic
or memory applications. In systems in which logic and memory devices are 2
packaged separately, data signals between the two may have to pass
through several levels

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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3 of packaging, which can result in undesirable propagation delays. In
addition the 4 manufacturing costs for fabricating wafers producing only logic
chips, and wafers with 5 only memory chips, are greater than if both logic
and memory applications can be 6 incorporated on the same chip. Therefore
for performance and cost reasons the 7 semiconductor industry has been
motivated to produce a semiconductor chip with both the 8 desired logic and
memory requirements. 9 The state-of-the-art technologies for nonvolatile
semiconductor 10 memories are the SONOS

(epbigiicopsxigenditiide-ppdeasitisomh anddhe floating Jaée- dnll iRehory devices are

memories. The SONOS is a multi-gate dielectric device consisting of an

prigtackd KBiFeIdREQNG)] {aya e iNE W ALY 39 pAak@sdRlaie Selbral levels

discrete traps in the 13 silicon nitride layer. 14 The importance of

ovprermding theariaHsdaficienatesinirdalination ik Ryidenaadfyniie

extensive technological development directed to the subject, as 16

dosmenietiotherse rvanhpatenh Rrdpechieg! Jiefasdie chipe, clsestfardyith

apparently 17 more relevant technical developments in the patent literature

caly beegleaned iy sonsidesingad & dedngdRong! ki dnED JIRAMNSAEHIGNS
ON ELECTRON DEVICES, VOL. 49, NO. 19 10, OCTOBER 2002 Advanced

SeurperkiedioEnginessogiHo TBaxfShaoe ddiviashalond 20 s1uBglion the
Formation Using Laser Annealing and Pre-Amorphization Implantation in

Saibic3ldlodMimiuSEy RSN hibHvAramb gRddele: adiefacoliyipapetspuonh both the
TransED oct02. pdf 2 1 US 4,181,538 Narayan, et al. January 1, 1980 -

dbsived dogiethndm2ioiynakingaetect-free zone by laser-annealing of doped
silicon. 3 US 6,465,306 Ramsbey, et al. October 15, 2002 - Simultaneous

The state-of-the-art technologies for nonvolatile semiconductor
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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4 formation of charge storage and bitline to wordline isolation. 5 US
6,500,713 Ramsbey et al. - shows a process for repairing damage to 6
charge trapping dielectric layer from bit line implantation. 7 US 6,110,845
Seguchi, et al. August 29, 2000 - Process for 8 fabricating SOI substrate
with high-efficiency recovery from damage due to lon 9 implantation. to 3 1
2 Summary of the Invention 3 The embodiments of the present invention
provide a method of 4 activating an implanted contact region in a substrate
for a memory device. 5 An example embodiment for a method of fabrication
of a bitline contaq$ LLyHINSHKY RNy devicereamsPMNY8e thesgtapsOfethod
7 providing a substrate having a memory region; 8 providing in the logic
regiankalogigdeansistambaringsilisidelagiaraoyed waiend S/D regions; 10
providing in said memory region, a memory transistor comprised of memory
11 source regiongJgnd MBSBOGYRAAIBE £ YIS RMTCRBIR TRY0ERU SembiRaneous
silicide region over said memory source region; 13 forming an ILD dielectric
iRy YR SstRsirate:s uHaeeihd formyngdiadigingieentact opening in said
ILD dielectric layer over the memory 15 drain in said memory area;

US 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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16 forming a recess in the substrate in the memory region and into the
memory drain 17 region; 18 performing a bitline contact region implant to
from an unactivated contact region 19 under said recess; 20 activating said
unactivated bitline contact region to form an activated bitline 21 contact
region using a laser irradiation process. 4 1 2 The example embodiments
can be used with memory devices in general 3 and more particularly with
SONOS memory devices. 4 Other embodiments are shown below and in the
claims as finally issued. 5 The above and below advantages and features
are of representative 6 embodiments only, and are not exhaustive and/or
exclusive. They are presented only to 7 assist in understanding the

invention. It should be underggamhiha dreueIfveatdnepresentative of all the
inventions defined by the claims, to be considered limitations on 9 the

invention as definggt Ryntheiciainas o PHEPi@iianmomeaH prionts iadhasdaims.

For 10 instance, some of these advantages may be mutually contradictory, in

thait tiel canngifeed tsinultangonsiyapigsentdia singieamnbedisent.

Similarly, some advantages are applicable 12 to one aspect of the invention,

and inapplicable tQmothefisIEerbeuRER: feriaikarast$.okidsitheclabnibe contact

invention have not been discussed herein. However, no inference should be

14 1biann segardingdhase discusgatkbeielidiglative to those not discussed
herein other than for 15 purposes of space and reducing repetition. Thus,

this summvaainf ieatuesand agvantagesy Riould not be considered
dispositive in determining equivalence. Additional features and
providing 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.
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17 advantages of the invention will become apparent in the following
description, from the 18 drawings, and from the claims. 19 202151 2 Brief
Description of the Drawings 3 The features and advantages of a
semiconductor device according to the 4 present invention and further
details of a process of fabricating such a semiconductor 5 device in
accordance with the present invention will be more clearly understood from
the 6 following description taken in conjunction with the accompanying
drawings in which like 7 reference numerals designate similar or
corresponding elements, regions and portions and 8 in which: 9 Figures |
through 5 are cross sectional views for illustrating a method 10 for

manufacturing thahpitingnpnéasssemientincanBe ey Wil areaseing:{acagin general
example | | embodiment of the present invention. 12 6 1 2 Detailed

Resalipioaatthe B xamuEoRobesimeniscdidethe example embodiments of
the present invention aim to improve the

Other embodiments are shown below and in the claims as finally issued.

The above and below advantages 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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5 electrical activation of the bitline contact doped region (in the substrate, for
e.g., plug) by 6 using laser irradiation to anneal/activate the contact plug
after implantation. Besides being 7 able to achieve high electrical activation
(either by melt or non-melt laser anneal), one of 8 the advantages of laser
annealing is that it only affects the surface regions of the exposed 9
semiconductor substrate. Hence, the logic devices and the silicided regions
will not be 10 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. 12 13 A. example embodiment of bit
line doped contact region process 14 The present invention will be described

in detail with reference to et PesGGpRIRGY the BiMinigs The present
invention provides a method of forming a contact 16 doped region in a

substrate (e.g., ping) teaturseandrydRitliagesldt B spravidRla-mriiale avideha to the
logic region and a memory region 18 19 Referring to figure 1, we provide a

puhistiatevbattithad-REIESe@and 3f 29d0ekadNepaeitieg i 4 sémNRTor
memory cell will be formed in the region 14. 7 1 In the logic region 12, logic

devieesmwiltbeidatn@ehdhehs suhstratadOnisvalaiembly cemprisettatood from the
crystalline silicon. A 3 preferred substrate is a p-dope crystalline Si wafer with

fo(IMhgrieRtAO0ON The S ubsHigiehFidOwan dlsadoerepimprised o in e yataling like
silicon wafer of (110) orientation, a silicon on 5 insulator substrate (SOI),
séraioaet siliawnady ®ieen(sdigantgesmanivipprding elements, regions and portions and
in which:

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.
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7 C. logic region 8 We form in the logic region 12 a MOS transistor 84
comprised of a 9 logic gate dielectric 18, a logic gate electrode 20, logic LDD
regions 24, logic spacers 28 10 on the sidewalls of the logic gate electrode
20. The logic region 12 can further contain a 11 well (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 example embodiment, a NMOS transistor is shown. 15 16 D.
memory cell 17 We form in the memory (cell) region 14, preferably a memory
18 transistor (such as a SONOS transistor) comprised of a memory gate
dielectric 52 54 56, a 19 memory gate electrode 60, memory drain regions

50 51, memory spresir®Deseiifidl siihvaiaaipherntvdimasie electrode

60. 8 1 The memory drain regions 50 51 are formed simultaneously with the
2 LDD regions 24 in the Logic region 12. The drain region 51 will be
subsequently 3 connected to a raised bitline by the bitline contact plug. 4 The

memory gate dietgpricshask (N6 iscare taraklyeamprised@fmaitleNaiprove the
oxide layer 52, a middle nitride layer 54 and an upper oxide layer 56. 6 The

HROGIStO i tieimgmeryidalkcane: dopedNA(ID @nehP MEsxals, btkig., plug) by
non-limiting example embodiment, a NMOS transistor is shown. 8 The
SNOSememainitagie analsd/peaieralbhe conprisgaaeel finplaMeltion. 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.
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9 (e.g, Nwell) 42 and second well (e.g., Pwell) region 40. Region 44
preferably is 10 comprised of the shallow Pwell & Vt Implants. The
description below uses N and P type 11 doping for the device, but the
conductibility types can be either p or n. 12 As shown in figure 2 the memory
cell can comprise a first and a second 13 memory transistors 80 (50 52 54
56 60 62 58 48) and 82 (51 52 54 56 60 62 58 48) that 14 share a common
cell source line (SL) 48. 15 Logic gate spacers 28 and Memory gate spacers
58 are formed on the 16 gate sidewalls. 17 E. perform a logic S/D implant

18Rilater et figusec bR Raarse dosidte and drain (S/D) 19
implantation to form logic S/D regions 26 adjacent to the logic spacers 28 in

the logic 20 regiorhd 2usdateH RS fasfarabl e seelfewea hingiivvplant
to form a memory 3 source line 48 4 Still referring to figure 1, we perform a

PREsRY seeltieUEce - E LS LM IMPRING ifcfokitha MBTNsY &aLHeR | M43 ibtrate

the memory region 14 adjacent to the 6 memory spacers 58. During this cell

$b. dampiasatatiRanipasQuET tegipializnisseaxeiechivitof (1p0PRIesiE o8, @silicon on
annealing and activating the S/D regions 9 Next, we anneal the substrate to

aglinaie thd e ([Kies) iRdhmsdibsitateodSicdakinsoingd-Rkhangl) S/D regions
in logic region 12, as well as the drain and cell SL region

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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11 in memory region 14. Preferably we use an rapid thermal anneal (RTA)
process with a 12 temperature between 1000 and 1300 C for a time between
500 microsec and 5 sec. The 13 RTA will cause the dopants to redistribute
and become activated, for e.g., the cell SL 48 14 will diffuse to connect with
the cell N well 42. Cell SL 48 will also diffuse laterally 15 towards the memory
gate electrode 60. 16 17 H. forming silicide 18 As shown in figure 1, we form
silicide regions 30 32 62 64 (e.g., logic 19 S/D silicide 30, memory source
silicide 64, etc) over the logic gate electrode 20, the logic 10 1 S/D regions

26, the memory gpiie RlaalpderSa antoan she MahsAUWElIRAH3sINaih the
that 2 preferably no silicide is formed over the region where the contact

e deeaiR4aleNiboR bestermedThbis isnaasibnashieneshy bisine:atly

silicide block hard mask such as oxide or 4 nitride, which will be subsequently

omes ® Theisiliddads pyaferahbinemniseshof. cobalt silicide, titanium

silicide, 6 nickel silicide, or nickel-platinum silicide and is most preferably

cobalt silicide. 7 BrAsihewy) dfiglEtaveiok iGN Brievairdigiesstig Hidd)of a

layer 68 9 over the substrate surface. The ILD layer is preferably comprised

ofwelaygitk RERiesablymlQitomprisinge(lsyend).a spisarRitiidaleayss. (layer
2) undoped silicate glass (USG) layer 11 and (layer 3) boro-phospho-silicate

glass (BPSG) or phesphersibigadie Blass (RSCelayes. bd BathelND $ayer PMOS. In
preferably has a total thickness between 3000 and 10000 A. 13
this non-limiting example embodiment, a NMOS transistor is shown.

The SONOS memory region also 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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14 I. form a contact opening 15 We form a contact opening 70 in the ILD
dielectric layer 68 over the 16 memory drain 51 in the memory region 14
preferably using a mask and etch process. 17 During this ILD 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 memory 20 region 14 and
preferably through the drain region 51 adjacent to the memory gate 11 1
electrode 60. The opening 74 exposes the memory Nwell 42 and exposes the
memory drain 2 51 on the sidewall of the opening. 3 The opening 74
preferably has a depth between 200 and 1200 4 angstroms. 5 The purpose
of the opening 74 is to dope the exposed memory N well 6 42 thus forming
the bitline contact plug upon subsequent activation. 7 8 K. Optional
preamdfppienfigrrmpaldinb&rmoay CelidGalstepliirae TSpyyfamhtal ibthe a memory
subsequent laser irradiation 10 of the bitline contact 76 melts the crystalline
Si, we perfornsayreedinerg8izing implant 11 using Si+ or Ge+ to
preamorphize the substrate prior to the bitline contact plug implant. 12 This

is because the mglting.tempgivg Rl AMerpheysSHicRR KRS 880fee Line
lower than 13 that for crystalline Si. Thus the process margin will be

isEreasssladdid fARRRIMAHIINM RRMACUBIUY MBRIRMIB, IFGETLA 14 adjacent to the
(non-activated) 15 bitline contact region under the opening
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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16 17 As shown in figure 2, we perform a bitline contact region (plug) implant
18 to form a (non-activated) doped contact region 76 under the opening 74 in
the substrate. 19 Preferably, for a P device, P-type ions such as B+ or BF2+
are implanted 20 into the contact opening to form the doped contact region
76. For example, the implant 12 1 uses B or BF2 ions implanted at an
energy between 1 and 50 keV and at a dose between 2 1x1014/cm2 and
3x1015/cm2. The doped region has a depth beneath the contact opening 3
between 5 and 50 nm. 4 5 M. activate the doped contact region to form an

sptviaiednd o1ge thSneantRGtRE BN 6D lhagem HRAMIADIPIRELES [ThA38. Note that
shown in figure 3, we activate/anneal the doped contact region 76 8 using a

\asesribadintianpueae ssrifdDvie thbecdasanitia atiosoptasassppiataiailyplug) will
comprises exposing the 11 substrate to light of a selected wavelength at a

desuetHUTnaei{enaIgheipauerydensity)siliddehgdasaneane RuEed 6Xide or
continuous wave in nature. The wavelength of the laser 13 irradiation is

aRiveew 48 win BAdublequaierprenibieiaser energy density can be in the 14
range of 0.3 to 1.0 J/cm2. The optical power density is in the range of 50 to

700 kW/cm2. If IFhenalifigete@iese it ySidayaiscecsy sieilinasdridguishpiasdicide,
epitaxy from the underlying 16 substrate. 17 One preferred feature of the

\asrelaInEat istmatbispkashelfidide 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.

I. 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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18 duration, for e.g., the annealing time is in the range of 50 ns to 800
microsec. Hence the 19 ramp up and ramp down rate of the laser anneal is
much higher than the conventional 20 RTA. Another preferred feature is that
only the top surface region that is exposed to the 21 laser is heated up.
Therefore, the laser anneal will not have any significant adverse impact 13 1
on the already formed silicided regions and the already activated S/D and
LDD regions in 2 the logic and memory region. To ensure that the already
formed silicided regions and the 3 already activated S/D and LDD regions

al&:eles0eTH ehehipated HyptieslasemanioeaiNgig] 420ptipaagldeharen®dmory drain
anti-reflective layer coated on all areas except for the exposed bitline 5

soniAchd 8giewalbofline apdirigilective layer can be part of the lithographic
process when we 6 mask to etch contact opening 70. 7 The purpose of the

activated bitline coRéagidiagiom ifdstanigdiice gt eenireh ERIsiagqeobhe
cell bitline contact region 78 is connected with the cell N well 42. 9 10 N. form
angeRemifng in the logic region 11 Next, referring to figure 4, we form a contact
opening 71 in the ILD 12 dielectric layer 68 over the logic S/D region 26 in

the logic region 121y giepablyossiRdperiddTask anabplcih@esessd dthdd).N well
complete logic and memory devices 16 17 Next, we form conductive contact

pRigRiddhaide viessitAR sbawe iuidpoy atcipieaxamplgione form the
conductive plug 92 over the logic S/D region and

K. Optional preamorphizing implant
In an optional step that is performed if the subsequent 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
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19 conductive plug 90 over the memory bitline region 78. Both the
conductive/contact plug 20 90 and 92 can be formed by first depositing a thin
barrier metal layer over the contact 14 1 opening 70 and 71, followed by
filling the openings with a conductive metal all the way to 2 the substrate's
surface. The conductive metal for filling the openings 70 and 71 is 3
preferably tungsten (W). This is followed by a Chemical Mechanical Polishing
(CMP) step 4 to planarize the surface. Conventional processing is then done
to complete both the logic 5 and memory device. 6 7 8 P. embodiment's laser

uisadRURBE, I hepamadinaniseel R esENhitys0lten aimBaica RIS BtHeen
method to 11 solve the problem of the poor electrical activation of the bitline

cNtAttpllghavhiere' then?l 2raisling €0 riaRieieh ansh iIMpEABL@Arh o esiaeRahening

after the silicidation process is done for the 13 logic regions. 14 The

epvedinents sya@mpplicable to other types of memory that require the
electrical 15 activation of the bitline contact plug after the silicide is formed.
16 Q. problems example embodiments solve 17 The inventors have realized
that one of the problems in fabricating 18 SONOS-type nonvolatile transistor

memory cell devices,is the popr electrical activation of 19 the bitline,contac
ooy dieagHEsleTos dbpRite entaat el oo an akthaled ope
silicidation proces?. The anneal tem eraiure of.the it}i.ne contactglug cannot
be too high contact region usmé) a Laser irradiation proces

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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15 1 else it will affect the silicide sheet resistance by causing agglomeration
or converting the 2 silicide to a high resistivity phase. The thermal budget is
further constrained in order to 3 minimize the impact to the logic devices
because the Source/Drain activation anneal of the 4 logic devices has
already been conducted prior to the doping of the bitline contact region. 5 6
A reason the NOMOS memory is sensitive to the poor electrical 7 activation
of the bitline plug is because the bitline contact etch and implant are
performed 8 after the silicidation process is done for the logic regions.

bie feala BARINTaURIREI DR wiafah for higbatpevattds ANARA IV BIS&sions in
the already formed silicide will degrade. 10 11 R. Non-limiting example

aphedimantmdRodBiipihe ToRvele seitRHenIrseroHEsPantiddeials @ and the
set forth such as 14 flow rates, pressure settings, thicknesses, etc., in order

iarpiayigeiaJears/haraugbr ruimersiansing Rkihe Rresasl by edinRedwilkal, it is
be obvious, however, to one skilled in the 16 art that the present invention

Brohe praciiees witheeldbeselgpinisaledaihallingtansaspibved ks bitline
process have not been described in detail in order to not unnecessarily

obsedrecdi8iiie prasentiinyestion. 1A cterl part atfehdnithegspsifi pasianscaien we
be scaled up or down 19 keeping the same molar % or ratios to

acsammedatoiffesprhaizemreactors as is known to 20 those skilled in the
art. 16 1 Unless explicitly stated otherwise, each numerical value and range
The purpose of the activated bitline contact region 78 is to reduce the

contact resistance. The cell bitline contact region 78 is connected with the cell 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
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12

13
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15

16

17

18

19

20

2 should be interpreted as being approximate as if the word about or
approximately 3 preceded the value of the value or range. 4 Given the variety
of embodiments of the present invention just 5 described, the above
description and illustrations show not be taken as limiting the scope 6 of the
present invention defined by the claims. 7 While the invention has been
particularly shown and described with 8 reference to the preferred
embodiments thereof, it will be understood by those skilled in 9 the art that
various changes in form and details may be made without departing from the

bPespiat AnshacopeotbihediByeniian. theis pateReed {A eRvaHVAIRUSctal all the way to
modifications and similar 11 arrangements and procedures, and the scope of

the aprebdedsalains theyefamshwiibdhg fd2ragserdrtbiraiRteadesid 71 is

interpretation so as to encompass all such modifications and similar 13

preangBIems saad(WoCcEsY e Folidwdl 1§ 4 ChdnidanMstanienrslidhingXCMP) step

method of fabrication of a bitline contact region for a memory device

coOPpiiging thesd HRPE ohvartionidoRsubsttale havira Ainaplery 5egians hgic
providing in the logic region a logic transistor having silicide regions over

lagienénb degions;

P. embodiment’s laser 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

15
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6 providing in said memory region, a memory transistor comprised of memory
7 source regions and memory drain regions and a memory source 8 silicide
region over said memory source region; 9 forming an ILD dielectric layer over
the substrate surface; 10 forming a bitline contact opening in said ILD
dielectric layer over the memory 11 drain in said memory area; 12 forming a
recess in the substrate in the memory region and into the memory drain 13
region; 14 performing a bitline contact region implant to from an unactivated
contact region 15 under said recess; 16 activating said unactivated bitline

enpptaciegpsttentosm ateasivated ditlinen L f16oma ek SRR RIS 2o lAsRiting the
irradiation process. 18 182. The method of claim 1 wherein the laser

¥Tiad iR MHREasSs SV FSRSCAPRS G HHE tiRpdbsiratena teghiefided in order to
wavelength between 248 nm and 10.6 micron; and laser energy 20density is

aabmaer the ianshd: & Iemdsiandthesapiicako awsslengitydmincthatiangamdal of the

50 21to 700 kW/cmz2; and the laser irradiation is pulsed or continuous wave.

P 3RAeinodiafiabpeatioshal aditifieraontrclspaigbifeiebmamentact region.
device comprising the 24steps of: 25providing a substrate having a logic

region and a memory region; 26providing in the logic region a logic transistor
having silicide regions over logic 27S/D regions;

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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28providing in said memory region, a memory transistor comprised of
memory 29source regions and memory drain regions; 30forming an ILD
dielectric layer over the substrate surface; 31forming a bitline contact opening
in said ILD dielectric layer over the memory 32drain in said memory area;
33forming a recess in the substrate in the memory region and into the
memory drain 34region; 35performing a bitline contact region implant to from
an unactivated contact region 36under said recess; 37activating said
unactivated bitline contact region to form an activated bitline 38contact region
using a laser irradialion StpLESE; kk&Podierdvidd)eethesatalaimae wmaieihge
further includes forming form a contact openings in the 41 ILD dielectric
eI Oveitheraid S/hriedippisxinelegicifegionsrndybafamipgreanduetye
plugs in said conductive openings. 43 44 5. The method of claim 3 wherein

paddomenteys yaMOS thrRNsiRIebiSran @ONOS transistor. 45 6. The method of
claim 3 wherein the laser irradiation process comprises exposing the 46

substrate to light gia:seircietdanavelemgihialeatdesitedpibdenca witha just
wavelength of the 47 laser irradiation is between 248 nm and 10.6 micron;

asdtiasel erRangyvedRsiN s dtBanatwasiabt chagiebk dodnmaRcnanditaiaptisakcope
power density is in the range of 50 to 700 49 kW/cm 2 ; and the laser
israpéapiescis pulsptonr RIMdaUS UG MENERS.

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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50 7. The method of claim 3 the laser irradiation annealing time is in the
range of 50 ns to 800 51 microseconds. 52 8. The method of claim 3 which
further includes: 53 54 55 56 57 58 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, b)
forming in said memory region, a SONOS transistor comprised of a memory
gate dielectric, a memory gate electrode, memory LDD regions, memory
spacers on the sidewalls of said memory gate 20 59electrode; Said memory
gate dielectric is comprised of a lower oxide 60layer, a middle nitride layer
and an upper oxide layer; 61c)performing a S/D implant to implant ions to
form logic LDD regions 62adjacent said logic gate electrode in said logic
region and a memory 63S/D regions in said SOMOS memory region; 64d)
fanaing dogisegate spacers and Memory gate spacers are formed on the
65gate sidewalls;

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

steps of:
providing a substrate having a memory region;
providing 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.
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26

27

28

29

30

31

32

33

34

35

36

37

38

66e) forming logic S/D region adjacent said logic gate electrode in said logic
67region; 68f) performing a memory Cell Source Line implant to form a
memory 69source line in said memory region adjacent to said memory gate
70electrode; 71g) annealing and activating the memory S/D regions and logic
S/D regions; 72h) forming silicide regions over said Logic gate electrode, said
logic S/D 73regions, said memory gate electrode and on said memory source
line. 74 759.A method of fabrication of a bitline contact region for a SONOS
device comprising the 76steps of: 77a) providing a substrate having a logic

PeaiRe ABGSIHENAN I9gieRi 8 IIRENiRddRidE [aeieseainAdMRposing the
transistor comprised of a logic gate 79dielectric, a logic gate electrode, logic

LDRibegidn s logicsacareiensd 8erienstdewallsHf pasldaeicdai®l laser energy
electrode, 81 logic LDD regions adjacent said logic gate electrode in said

logiren8Ryregieny &3 logiagricospaser s giaiel sidawalissiddiaioaie riike of 50
region adjacent said logic gate electrode in said logic 85 region; 86 a

Meio0) SaVreRlina dnsaigkeRemantIeg i padiacaidasaisnemery

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;

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

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;
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43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

87 gate electrode; 88 c) forming in said memory region, a memory transistor
comprised of a 89 memory gate dielectric, a memory gate electrode,
memory LDD 90 regions, memory spacers on the sidewalls of said
memory gate 91 electrode; a memory S/D regions in said memory region;
memory gate 92 spacers are formed on the memory gate electrode
sidewalls; a memory 93 well under said memory gate; 94 d) forming silicide
regions over at least one of the following: said logic 95 gate electrode, said
logic S/D regions, said memory gate electrode and 96 on said memory
source line; but not over said memory S/D regions; 97 e) forming an ILD
dielectric layer over the substrate surface; 98 f) forming a bitline contact

apame eniiRAGf bikHigleatiih layerVaEIthR s 90mm gt Hrabtbiastishenings in the
memory area; 22 too lot 102 103 104 105 106 107 108
ILD dielectric layer over the logic S/D region in the logic region; and

forming conductive plugs in said conductive openings.

5. The method of claim 3 wherein said memory MOS 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 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.

7. The method of claim 3 the laser irradiation 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,

b) forming in said memory region, a SONOS transistor comprised of a
memory gate dielectric, a memory gate electrode, memory LDD

regions, memory spacers on the sidewalls of said memory gate
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66

67

68

69

70

71

72

73

74

75

76

77

78

79

g) forming a recess in the substrate in the memory region and through the
drain region adjacent to the memory gate electrode; said recess exposes the
memory well and exposes the memory drain on the sidewall of the recess;
h) performing a bitline contact region implant to from an unactivated contact
region under said recess; i) annealing said unactivated bitline contact
region to form an activated bitline contact region using a laser irradiation
process. 109 110 10. The method of claim 9 which further includes forming
form a contact openings in the Ill ILD dielectric layer over the logic S/D

region in the logicdeeifiticasdid h7-fA6minat e andeaiiva P iksdisk a lower oxide
conductive openings. 113 114 11. The method of claim 9 wherein said

substrate is comprised afsiysialinedsilispsn- add anldppbhemrthgdof claim 9
wherein said memory gate dielectric is comprised of a lower 116 oxide layer,

a middle nitrige Igygfoamanan Sppanprice dauapldd: ioh3.«d hermesbrd P Dlaisions

9 wherein said recess has a depth between 200 and 1200 118 angstroms.
119 14. The methgglafeataindd yuhich feiclieerdael udesianesitoraeobiling memory

contact region 120 implant; 23 121 performing a preamorphizing implant
using Si or Ge to gyERreeiiRiize QP BN A8 Mmsuhstratgiththe recess.

d) forming logic gate spacers and Memory gate spacers are formed on the
gate sidewalls;

e) forming logic S/D region adjacent said logic gate electrode in said logic
region;

f)  performing a memory Cell Source Line implant to form a memory
source line in said memory region 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
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92
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97

98

99

123 15. The method of claim 9 wherein the bitline contact region implant
comprises using B or 124 BF2 ions implanted at an energy between 1 and
50 keV and at a dose between 125 1x1014/cm2 and 3x1015/cm2; the
unactivated bitline contact region has a depth beneath 126 the substrate
surface opening between 5 and 50 nm. 127 16. The method of claim 9
wherein the laser irradiation process comprises exposing the 128 substrate
to light of a selected wavelength at a desired fluence with a wavelength of the
129 laser irradiation is between 248 nm and 10.6 micron; and laser energy

density is 130 betypaenevwhandtkidiene gandithaqrtical power density is in
the range of 50 to 700 131 kW/cm2; and the laser irradiation is pulsed or

continuous wave. (3% 1D hegioathadQlealaiidldbr lagerivasiation said logic
annealing time is in the range of 50 ns to 133 800 microseconds. 134 135

136 18. A methodggii@brication of a bitline contact region for a SONOS
device comprising 137 the steps of: 138 a) providing a substrate having a

Logic region and a0pfoN&XSspaesrobh 139 bdOsiggianis;(1) said substrate is
comprised of crystalline silicon; 24 141 142
a logic S/D region 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
electrode; a memory S/D regions in said memory region; memory gate
spacers are formed on the memory gate electrode sidewalls; a memory
well under said memory gate;

d) forming silicide regions over at least one of the following: said logic
gate electrode, said logic S/D regions, said memory gate electrode and
on said memory source line; but not over said memory S/D regions;

e) forming an ILD dielectric layer over the substrate surface;

f) forming a bitline contact opening in said ILD dielectric layer over the

memory drain in said memory area ;
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143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159
160 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, c) forming in said SONOS memory
region, a SONOS transistor comprised of a memory gate dielectric, a
memory gate electrode,

100 g) forming a recess in the substrate in the memory region and through the
101 drain region adjacent to the memory gate electrode; said recess

102 exposes the memory well and exposes the memory drain on the

103 sidewall of the recess;

104

105 h) performing a bitline contact region implant to from an unactivated contact
106 region under said recess;

107 1) annealing said unactivated bitline contact region to form an activated

108 bitline contact region using a laser irradiation process.

109

110 10. The method of claim 9 which further includes forming form a contact openings in the

111 ILD dielectric layer over the logic S/D region in the logic region; and
112 forming conductive plugs in said conductive openings.
113

114 11. The method of claim 9 wherein said substrate is comprised of crystalline silicon.
115  12. The method of claim 9 wherein said memory gate dielectric is comprised of a lower
116 oxide layer, a middle nitride layer and an upper oxide layer.

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

118 angstroms.

119  14. The method of claim 9 which further includes prior to the biltline contact region

120 implant;
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128

129

130

131

132

133

134

135

136

137

138

139

140

memory LDD regions, memory spacers on the sidewalls of said memory
gate electrode, a memory N-well; Said memory gate dielectric is comprised
of a lower oxide layer, a middle nitride layer and an upper oxide layer; d)
performing a S/D implant to implant ions to form logic LDD regions adjacent
said logic gate electrode in said logic region and a memory S/D regions in
said SOMOS memory region; e) forming logic gate spacers and Memory gate
spacers on the gate sidewalls; f) forming logic S/D region adjacent said logic
gate electrode in said logic region; g) performing a memory Cell Source Line

IMPRAIPHIAET reagBRNiSRH IR N ki SIdi MetORY FRAVOBHiacantpeseaid
memory gate electrode; h) annealing and activating the memory S/D regions
andupgiaoiR fiegienss25 161 162 163 164 165 166 167

15. The method of claim 9 wherein the bitline contact region implant comprises using B or
BF; ions implanted at an energy between 1 and 50 keV and at a dose between
1x10"*/cm? and 3x1015/cm2; 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 the laser irradiation annealing time is in the range of 50 ns to

800 microseconds.

18. 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 SONOS memory

region;
(1) said substrate is comprised of crystalline silicon;
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148

149

150

151

152

153

154

155

156

157

158

159

160

168 169 170 171 i) forming silicide over said Logic gate electrode, said logic
S/D regions, said memory gate electrode and on said memory source line; j)
forming an ILD dielectric layer over the substrate surface; k) forming a bitline
contact opening in said ILD dielectric layer over the memory drain in said
memory area ; 1) forming a recess in the substrate in the memory region and
through the drain region adjacent to the memory gate electrode; said recess
exposes the memory Nwell and exposes the memory drain on the sidewall of
the recess; m) performing a preamorphizing implant using Si or Ge to

preamorphizg) therostsiraiene Idgic kéSion RAMoRMRgsABItHRMEANAGTEBIRR: gate
implant to from an unactivated 174 contact region under said recess; 175
176 177 178 179 dielectric, a logic gate electrode, logic LDD regions, logic spacers on
the sidewalls of said logic gate electrode,
¢) forming in said SONOS memory region, a SONOS transistor
comprised of a memory gate dielectric, a memory gate electrode,
memory LDD regions, memory spacers on the sidewalls of said
memory gate electrode, a memory N-well; Said memory gate dielectric
is comprised of a lower oxide layer, a middle nitride layer and an
upper oxide layer;
d) performing a S/D implant to implant ions to form logic LDD regions
adjacent said logic gate electrode in said logic region and a memory
S/D regions in said SOMOS memory region;
e) forming logic gate spacers and Memory gate spacers on the gate
sidewalls;
f) forming logic S/D region adjacent said logic gate electrode in said logic
region;
g) performing a memory Cell Source Line implant to form a memory
source line in said memory region adjacent to said memory gate
electrode;

h) annealing and activating the memory S/D regions and logic S/D regions;
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166

167

168

169

170

171

172
173

174

175

176

177

178

179

180

181

180 181 (1) the bitline contact a region implant comprises using B or BF2
ions implanted at an energy between 1 and 50 keV and at a dose between
1x1014/cm2 and 3x1015/cm2; the unactivated bitline contact region 76 has a
depth beneath the substrate surface opening between 5 and 50 nm; o)
activating said unactivated bitline contact region to form an activated bitline
contact region using a laser irradiation process; 26 182 (1) the laser
irradiation process comprises exposing the substrate to light 183 184 185
186 187 188 189 190 191 192 of a selected wavelength between 248 nm and

éoii ;Ticron;iand fassmeneligieensityaie Deswiean @8t deOsd@mbZicasy Rgions,
i
P said memory gate electrode and on said memory source line;

j) forming an ILD dielectric layer over the substrate surface;

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

1) forming a recess in the substrate in the memory region and through the
drain region adjacent to the memory gate electrode; said recess
exposes the memory Nwell and exposes the memory drain on the
sidewall of the recess;

m) performing a preamorphizing implant using Si or Ge to preamorphize the

substrate ;

n) performing a bitline contact region implant to from an unactivated

contact region under said recess;

(1) the bitline contact a region implant comprises using B or BF; ions
implanted at an energy between 1 and 50 keV and at a dose
between 1x10'*cm? and 3X1015/cm2; the unactivated bitline contact
region 76 has a depth beneath the substrate surface opening

between 5 and 50 nm;

0) activating said unactivated bitline contact region to form an activated

bitline contact region using a laser irradiation process;
26
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183

184

185

186

187

188

189

190

191

192

power density is in the range of 50 to 700 kW/cm2; (2) the laser irradiation
annealing time is in the range of 50 ns to 800 microseconds. p) forming a
contact opening in the ILD dielectric layer over the logic S/D region in the
logic region; and forming conductive plugs in said conductive openings. 27

(1) the laser irradiation process comprises exposing the substrate to light
of a selected wavelength 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?;

(2) the laser irradiation annealing time is in the range of 50 ns to 800

microseconds.

p) forming a contact opening in the ILD dielectric layer over the logic S/D
region in the logic region; and

forming conductive plugs in said conductive openings.

27



