
4 5 LASER ACTIVATION OF IMPLANTED CONTAc I' PLUG FOR
6 MEMORY BITLINE FABRICATION 8  4  11 Background of
Invention  12 1) Field of the Indention 13 This
invention relates generally to fabrication of
semiconductor devices  14 and more particularly to the
fabrication of an implanted fsitiine contact plug, 15
16 2) Description or the Prior Art 1' Advanced
semiconductor chips, now being manufactured in
industry,  8 are composed of logic or memory devices.
Logic devices are used to process information 9 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 tee pass through
several levels  3 of packaging.. which can result in
undesirable propagation delays. In addition the 4
manufacturing costs for fabricating wafers producing
only logic chips, and wafer with  5 only mernory
chips, are greater' than if both logic and meniory
applications can be 



6 incorporated on the saute chip. Therefore for
performance and cost reasons the  semiconductor
industry has been motivated to produce a semiconductor
chip with both the  8 desired logic; and memory
requirements. ) The state-of the-:art: technologies
fbr nonvolatile semiconductor 10 memories are the
SONOS (palysilicon-oxide-nitride-oxide-silicon) and
the floating gate- 11 type memories. The SONOS is a
multi-gate dielectric device consisting of an oxide 12
nitride-oxide. (ONO) layer in which charge storage
takes place in discrete traps in the  13 silicon
nitride layer. 14 The importance of overcoming the
various deficiencies noted above is  15 evidenced by
the extensive technological doveopmerit. directed to
the subject, as 10 documented by the relevant patent
and technical literature. The closest and apparently
17 more relevant technical developments in the patent
literature can be gleaned by considering  111 Seonb
-Doug Kim. IEEE TRANSF 'TIONS ON l Z.P.t"I IIO v
DEVICES, VOL. 49, NO.  19 10, OCTOBER 2002 Advanced
Source/Drain Engineering f ,r Box-Shaped Ultrashallow
20 Junction Formation Ming Laser Annealing and
Pre-Amorphization tmplantalxion in Sub- 21 100-nm SOl
CNIOS. http !is ww.ee.uca..eiiu%t,_ic i_( y,Ir
llcrs_woo---Tr_pnsEU_oct ?Z.pdf I US 4,181,538 Na
rayan , et al. January 1, 1980 - shows a method  2 for
making defect-free zone by laser-annealing of doped
silicon. 3 US 6,465,306 Ramshey . et al, October 15,
2002 - Simultaneous  4 formation of charge storage and
bitline to wordline isolation. 5 T- TS 6,500,'N3 f?
amahey et ail.. - shows a process for repairing damage
to  



6 charge trapping dielectric layer from bit lute
implantation, 7 US 6,110,845 Seguchi , et al, August
29, 2000 - Process for  8 fabricating 501 substrate
with high-efficiency recovery from damage due to Ion 9
implantation.  10 1  2 Summary of the Invention 3 The
embodin-mits of the present invention provide a method
of  4 activating an implanted contact region in a
substrate for a m ernory device. S An example
embodiment for a method of fabrication of a buline
contact  6 region for a memory device can comprise the
steps of: 7 providing a substrate having a memory
region; 8 providing in the logic region a logic
transistor having silicideregions over logic  9 SO
regions; 10 providing in said memory region, a memory
transistor comprised of memory i l scarce regions and
memory drain regions and a memory source  12 suicide
region over said memory source region; 111 forming an
IL I) dielectric layer over the substrate surface; 14
forming a hitline contact opening in said ILD
dielectric layer over the memory  15 drain in said
memory area; 16 forming a recess in the substrate in
the memory region and into the memory drain  



17 region; 18 performing a bithne contact region
implant to from an unactivated contact region  19
under said recess; 20 activating said unactivated
bi.thne contact region to form an activated bitline
21 contact region using a laser irradiation process. 4
1  2 The example embodiments can he used with memory
devices in general and more particularly with SONOS
nlemor; 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 ti
embodiments only, and are not exhaustive and/or
exclusive. They are presented only lie  7 assist in
understanding the invention. It should be understood
(trot they are not M representative of all the
inventions defined by the claims, to be considered
iitrtetaEions on  9 the invention as defined by the
claims, or limitations on equivalents to the claims.
For 10 instance, some of these advantages may be
mutually contradictory, in that they cannot be 1 I
simultaneously present in a single embodiment.
Similarly, some advantages are applicable  12 to one
aspect of the invention, and inapplicable to others.
Fu theE Wore, certain aspects of  13 the claimed
invention have not been discussed herein. however, no
inference should be 14 drawn regarding those discussed
herein relative to those not discussed herein other
than for  15 purposes of space and reducing
repetition. Thus, this summary of features and
advantages  



;_6 should not be considered diapositive in deter n
rung equivalence. Additional features and  17
advantages of he invention will become apparent in the
following description, from the 18 drawings, and from
the claims.  19 20  21  51 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
fabricaEiog such a semiconductor 5 device in
accordance with the present invention will be more
clearly understood from the  6 foilowina desc3 iption
taken in conjunction with the accompanying drawings in
which like  7 reference numerals designate similar or
corresponding elemen3:s, regions and portions and  $
in which: 9 Figures I through_ 5 are cross sectional
views for illustrating a method  10 for manufacturing
the bitfine contact re. on in a memory cell according
to an example i i einl3e;lii:rerit of the present:
invention, 7. Detailed Description or the Example
Embodiments  3 4 The example embodiments of the
present invention aim to improve the  5 electrical
activation of the bi#line contact doped region ,in the
snbstrate; 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 ac ivanon (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 afi'ected drastically. In this way,
transistor memory devices can be fabricated together
with  11 logic devices without any major changes in
the conventional CNIOS logic proce;ts 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 the  15 accompanying
drawings. The present invention provides a method of
forming a contact  16 doped region in a substrate
(e.g., plug) to a memory bithne, 17 8, provide a
substrate having a logic region and a memory region
18 19 Referring to figure 1, we provide a substrata
having a Logic region 12  20 and a memory region 14, A
SONOS memory ccli will he formed in the region 14. 7 1
In the logic region 12, logic devices will be formed.
2 The substrate 10 is preferably comprised of
crystalline silicon... 3 preferred substrate is a
1:-dope crystalline Si wafer with a (100) orientation.
The substrate.  4 10 can also be comprised of a
crystalline silicon wafer of (1.10) orientati.ort, a
silicon on 5 ins utator substrate (S01), strained
silicon or SiGe (silicon-germanium).  



6 7 C. logic region 8 We forgo in the logic legion  2
a MOS transistor 84 comprised 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 electrode 20. The logic region 12 can f
urther contain a l i 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 Nh'Ii1S transistor i.s shovrn. S
]5 16 D. memory cell l7 We form in the memory (cell)
region 14, preferably a t netrtory IS transistor (weh
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 spacers 58 on the
20 sidewalls of the memory gate electrode 60. 8 I 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 aannecte t to a
raised bitlitxc by the bit line contact plug. 4 The
memory gate dielectric soak. (ONO) is preferably
comprised of a  5 lower oxide layer '52, a middle
nitride layer 54 and an upper oxide layer 56. 



6 The transistors in the memory cell can be both
Nit'MOS and PMOS. In  7 this non-limiting example
ernbodiment, a NMOS ixansistor is shown. 8 The SONGS
memory region also preferably comprises a cell first
well  9 (e.g, Nwel) 42 and second well (e.g.. Pwcll)
region 40. Region 44 preferably is 10 comrtprised of
the shallow Pwell & Vt Implants. The description below
uses N and P type  II doping for the device, but the
conductibihEy types can be either p or n, 12 As shown
in figure. 2 the rrEemnry cell can comprise a first
and a second  13 memory transistors 80 (50 52 54 56 50
62 58 48) and 82 (51 53 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 sidewalk:. 17 L. perform a logic S/D
implant 18 Still referring to figure 1, we perform a
source and drain (S/D) 19 implantation to form logic
,S/D regions 26 adjacent to the logic spacers 28 in
the logic  20 region 12. 2 F. perform a "Memory Cell
Source Line" implant to form a memory  3 source line
48 4 Still referring to figure 1, we perform a "memory
Cell Source Line 5 (SL)"' implant to fours a memory
source line 48 in the memory region 14 adjacent to the
6 memory spacers 58. During this cell SL
insplantation, the logic region 12 is covered with  7
phot.o(esisl . 



8 G. annealing and activating the SID regions 9 Next,
we anneal the substrate to activate the impurities 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 memory region 14. Preferably we use an
rapid thermal torte-,it (RTA) process with a 12
temperature between 1000 and 1300 C for a time between
500 nticrosec and 5 sec. The  t "s RTA will cause the
dopants to redistribute and become activated, for
e.g., the cell SL 48  i4 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 suicide 18 As shown in figure 1, we form
silicide regions 30 32 62 64 (e.g., logic  19 S11)
silicide 30, memory source suicide 64, etc) over the
logic gate electrode 20, the logic  10  S,T) regions
26, the memory gate electrode 60 and on the memory
source tine 48. Note that  2 preferably no siheidc is
formed over the region where the contact doped region
(plug) will  3 be formed. This is easily achieved by
using it silicide block hard mask such as oxide or 4
nil ride, which will be subsequently removed. 5 The
silicide is preferably comprised of cobalt silicide,
titanium silicide,  6 nickel silicide, or nickel-
?latin a:n si [icAgile t1Kl(l is most nrcferably
cobalt suicide. 8 As shown in figure 2, we foram an
interlevel dielectric (ILD) layer 68  9 over the
substrate surface. The ILD layer is pxefcrab.y
comprised of 3 lavers; preferably  



to comprising : (Layer 1) a silicon nitride layer,
(layer 2) undoped silicate g.las (LLSG) laver  11 and
(layer 3) born-pl n;,1&:.>-silicate class (BPSC;) or
p;tospho-silicate glass (PSC`s) layer.  12 The iLD
layer preferably has a total thickness between 3000
and  0000 A. 13  14 1. 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 n emor.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 memory  20 region 14 and preferably
through the drain region 5 1 adjac:eat to the memory
gate it I electrode 60. The opening 74 exposes the
memory dwell 42 and exposes the rnemory drain  2 51 on
the sidewall of the opening. 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. 8 K. Optional
prearnarphizing implant ? In an optional step that is
performed If the subsequent laser irradiation  10 of
the hitbne contact 76 mchs the crystalline Si, we
perfoi7 : a pre-amorphizing onplant 



1 I using 9i+ or Ge+ to [JS' arnfJSpiuze". the
substrate prior to the bidine contact piug implant.
12 This is because the melting temperature of
amorphous slticon (a-Si) is --250`C lower than  1 3
that for crystalline Si. Taus the process margin will
be increased. 14 L. perform a bitline contact plug
implant to from a (non-activated)  9 biWne contact
region under the opening 16  17 As shown in figure :2,
we perform a bit:in e contact region plug) implant  IS
to form a (non-activated) doped contact region 76
under the ol:wming 74 in the iubstr'ate. 19
Preferably, for a P device, P-type ions such as E+ or
BF2+ are implanted  20 into the contact opening to
form the doped contact region 76. For example, the
implant 12 I uses B or SF, ions implanted at ari
energy between 1 and 5fi ke'V and at a dose between  2
1x 101`1/etn` and 3x 60"(c n`. The doped region has a
depth beneath the contact opening  3 between 4 and i0
ant. 4  5 M. activate the doped contact region to form
an activated doped  6 contact region using a Laser
irradiation process As shown in figure 3, we
activate/anneal the doped contact region 76  fi using
a laser irradiation process 74. 9 lt) The laser
irradiation process preferably comprises exposing the 



11 substrate to light of it selected wavelength at a
desired Ouence (energy or power density).  12 The
laser can be pulsed or continuous wave in nature. The
wavelength of the laser 1; irradiation is'be.tween
2.48 ntn and 10.6 micron. The laser energy density can
be in the 14 range of 0.3 to 1.10 i/ctn2. `l he
optical power density is in the range of 50 to 700
kW/cm2. It  15 melting occurs, the Si layer
recrystallizes via limit phase epitaxy from the
underlying 16 substrate. 17 One preferred feature of
the laser anneal is that it is very short in 19
duration, for e.g., the annealing time is in the range
of 50 ns to 800 tnicrosec. Hence the  19 ramp up and
ramp down rate of the laser anneal is hutch higher
than the conventional  20 ((TA. Another preferred
feature is that only the top surface region that is
exposed to the 2 laser is heated up. Therefore, the
laser anneal will not have any significant adverse
impact  13 I on the already fortned silicided regions
and the already activated SID aand LDD regions in  2
the logic and memory region. To ensure that the
already formed silieided regions and the  3 already
activated SID and [Dt7 regions are not excessively
heated by tl-e laser anneal, it is  4 optional to have
an anti-reflective layer coated on all areas except
for the exposed bitine 5 contact region "116. The
anti-reflective layer can be part of the li3Y
ogral:rtair, process when we  6 mask to etch contact
opening, 70. The purpose of the activated hitline
contact region 78 is to reduce the  S contact
resistance. The cell bitline contact region 78 is
connected with the cell N well 42.  9 



10 N. form an opening 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 Sir
region 26 in the logic region 12 preferably using a
13 mask and etch process. 14  15 0. complete logic and
memory devices  16 17 Next. we form conductive contact
plugs to the devices. As shown in  18 figure 5, for
example, we form the conductive plug 92 over the logic
Set) region and 19 conductive plug 90 over the memory
hitline. region 78. Both the conductive/coniact plug
20 90 and 92 can he formed by first depositing, a thin
harrier metal layer over the contact 14 I 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
10 and ? 1 is 3 preferably tungsten (W). This is
followed by a Chemical Mechanical Polishing (<CMP)
step  4 to pltnaarize the surface. Conventional
processing is then done to complete both the logic 5
and memory device.  6 7  8 P. embodiment's laser
irradiation  



9 10 The embodiments of the present invention aims to
provide a method io  1 i s" hr'e the problem of the
poor electrical activation of the hithne contact plug,
where the 12- l:ritli.ne contact etch and implant are
performed after the. silicidation process is done for
the  13 logic regions. 4 The embodiments are
applicable to other types of memory that. require the
electrical  15 activation of the hotline contact plug
after the sAicide is formed. 16 0. problems example
embodiments solve 17 The inventors have realized that
one of the problems in fahriczuing 18 St)NOS-type
nonvolatile transistor memory cell devices is the poor
electrical activation of  19 the bitline contact
(plug) doped region if the hitine contact etch is
performed after the 20 ilicidation process. The anneal
temperature of the. hithne contact plug cannot be too
high  15 I else it will affect Ibe siheide sheet
resistance by causing agglomeration or converting the
2 suicide 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![}rain activation anneal of the  4 logic
devices has already been conducted prior to the
doffing of the bidine coal ac region.  5 6 A reason
the NOMOS memory is sensitive lo the Poor electrical 7
;activation of the Ili: title plug is because the
bitline contact etch and implant are pcr_fornaed  8
after the silieidation process is done for the logic
regions. Ifence, we cannot subject the 



9 wafer to a high temperature anneal or else the
already formed suicide will degrade.  10 1 I R.
Port-limiting example embodiments 12 13 In the above
description numerous specific details are set forth
such as  14 flow rates, pressure settings,
thicknesses, etc., in order to provide a more thorough
15 understanding of the present invention. It will be
obvious, however, to one skilled in the  16 art that
the. present invention may be practiced without 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 flow rates in the specification can be scaled up
or down  19 keeping the same molar % or ratios to
accommodate different sized reactors as is known to
20 those skilled in the att. 16 I Unless expticitly
stated otherwise, each numerical value and range  2
should be i:raerproted 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 ilhtstrations show trot- be taken as
limiting the scope  6 of the present invention defined
by the claims. 7 White the invention has been
particularly shown and described with  8 reference to
the preferred embodiments tktereof, it will be
understood by those skilled in  9 the art that various
changes in form and details may he made without
departing from the  



10 spilt and scope of the.. invcnt,,ort. It is
intended to cover various modifications and similar  i
1 arrangements and procedures, and the scope of the
appended claims therefore should be  12 accorded the
broadest interpretation so as to encompass at., such
modifications and similar  13 arrangements and
procedures. 14  15  16 1- tl 17 Wliat is claimed is:
1. A method of fabrication of a bitline contact region
for a memory device comprising the steps  providing a
substrate having a logic region and a memory reg;ici;
providing in the logic region a logic transistor
having sihcide regions over logic  S ,,D regions;
providing in said memory region, a memory transistor
comprised of a memory  source region and a memory
drain reg=ion and a memory source  suicide region over
said memory source region; forming an TL:D dielectric
layer over the substrate surface; forming a hithne
contact opening in said ILl7 dielectric layer over the
memory  drain region in said memory region; 



forming a recess in the substrate in the memory region
and into the memory drain  region; performing a
hitline Contact region implant to form an unactivated
bilbne contact region  under said recess; activating
said tniaetivated hitline contact region to form an
activated hitline  contact region usinc a laser
irradiation process, 2. The method of claim I wherein
the laser irradiation process comprises exposing the
substrate  to light of a wavelength between 248 nni
and 10.6 micron; and a laser energy density between
0.3 and 1.0 J%cin. 2; and an optical power density in
the range of 50 to 700 kW'/cm2; and the laser
irradiation is pulsed or continuous wave. 3. A method
of fabrication. of a hitline contact region for a memo
J de' vice comprising the steps  of: providing a
substrate having a logic: region and a memory region;
providing in the logic regioil a logic transistor
having sihcide re` ions over logic S/D  regions; 18
providing in said memory region, a memory transistor
comprised of a memory source  region and a memory
drain region; forming an ILL) dielectric laver over
the substrate surface;  Corn-tin,', a bitline contact
opening in said ILD dielectric; layer over the memory
drain  



region in said inemory region; forming a recess in the
substrate in the memory region and into the memory
drain region;  performing a bitline contact region
implant to form an unactivated hitl-ine contact region
under said recess; actit acing said unactivated
bitline contact region to form an activated bitline
contact  region using a laser irradiation process. 4.
The method of claim 3 which further includes forming
contact openings in the ILl7 dielectric  layer over
the logic d/17 regions in the logic region; and
forming conductive plugs in said contact openings. 5.
The method of claim 3 wherein said memory transistor
is a SO NOS 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 flucnee 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/cm2; and an  optical power density in the range of
50 to 700 kW/cm2; 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 as to 800 microseconds. 8. The method of
claim 3 which farther includes: :x) 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 sidewalks of said  logic
gate electrode. 



l4 b) fbi-wing 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
electrode; said memory gate dielectric is  comprised
of a lower oxide layer, a middle nitride layer and an
upper oxide layer; c) performing a S/D implant to
implant ions to form logic LDD regions adjacent said
logic gate electrode in said logic region and memory
S/D regions iii said memory  region; d) forming logic
gate spacers and. Memory gate spacers on the gate
sidewalls; e) forming the logic S/D regions 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/T)
regions; h) finning 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 hidine contact region for a
SONGS device comprising the steps  of: a) providing a
substrate having a logic region anrd a memory region;
b). forming in the logic region ale OS transistor
comprised oP 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 gale 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; c) 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: memory S/0 regions in said
memory region; memory gate 2G sspacers are funned on
the memory gate electrode sidewal.ls; a imeinory  well
under said memory gate; d) Conning 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 IL;)
dielectric layer over the substrate surface; forming a
bitline contact opening in said ILD dielectric layer
over the  memory' drain ree;Eon in said memory region;
g) forming a recess in the substrate in the memory
region and through the memory drain  region adjacent
to the memory gate electrode; said recess exposes the
memory well and  



exposes the memory drain region on the sidewall of the
recess; h) performing a bitline contact region implant
to form an unactivated bitline contact  region Under
said recess; i) annealing said unactivated bitline
contact region to form an activated  hitlrne contact
region using a laser irradiation process. 10. The
method ofclainh 9 which further includes forming
contact openings in the 11-D dielectric  layer over
the logic S/D regions in the logic region, and forming
conductive plugs in said contact openings. 11. The
nhetaod of claim 9 wherein- said substrate is c
mprised rif crysta ine silicon. 12. The method of
claim 9 wherein said memory gate dielectric is
comprised of a lower oxide  laver, 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 Cie to preamorphize exposed substrate  in the
recess. 21 1. 5. 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
key and at a dose between lx10141cm` and 3xlOFh/cnl`;
the unactivated hitline contact region fins a depth
beneath  the substrate surface opening between 5 and
50 nna. 



16, The method of claim 9 wherein the laser
irradiation process comprises exposing the  substrate
to light of a selected wavelength at a desired
tl..uence with a wavelength of the laser  irradiation
is between 248 inn and 10.6 micron; and laser 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
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. 22 


