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SUMMARY OF THE INVENTION

This and other needs are met by embodiments of the present invention which provide a method of
forming an MONOS (metal oxide nitride oxide semiconductor) device, comprising the steps of forming a
charge trapping dielectric layer on a substrate, and etching a recess through the charge trapping dielectric layer
in accordance with the bit line pattern. A metal silicide bit line is then formed in the recess.

The use of metal silicide in the bit line provides a very low resistance bit line that allows scaling
downwardly of the width of the bit line. It reduces the frequency of contacting bit line and allows shrinkage of
the cell size. Also, a planar architecture of the bit line may be provided.

In certain embodiments of the invention, a laser thermal annealing process is used to form the metal

silicide within the recess in the substrate. The use of laser thermal annealing enables the metal silicide to be
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Figure 11 shows an alternative embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention addresses and solves problems related to MONOS devices with buried bit
lines. In particular, the present invention reduces the resistance of buried bit lines in MONOS devices, which
bit lines were typically formed by implanted ions. Through the formation of metal silicide bit lines, the present
invention produces very low resistance bit lines and allows scaling down of the width of the bit lines, as well
as reducing the frequency of contacting bit lines. Furthermore, the use of the metal silicide bit lines allows
shrinkage of the cell size.

Figure 2 is a cross-section of a portion of an MONOS cell architecture with a substrate 30. The
substrate 30 is a P-substrate in Figure 2. The substrate 30 is overlaid with a charge trapping dielectric layer 32.

In the following described embodiment, the charge trapping dielectric layer 32 is referred to as an ONO layer
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provided by LTA, and the precise control of the area to which the laser energy is applied that is possible with
LTA. In other words, the laser energy can be directed relatively precisely at the recesses 44 to anneal the metal
silicide.

The energy fluence of the laser is readily determined by one of ordinary skill in the art, and will be
dependent upon the type of silicide to be formed, the desired thickness of the silicide, etc. Exemplary
parameters of the laser thermal annealing include providing an energy fluence of between about 50 mJ/em? to
about 1.3 J/cm®.

Figure 6 also shows the structure after removal of any unreacted metal remaining after the annealing
process is complete and the silicide has been formed. Such unreacted removal techniques are well known to
those of ordinary skill in the art, and depend upon the particular type of metal silicide that has been formed.

In Figure 7, an ion implantation process has been performed to create source/drain regions 52 in the
substrate 30. The source/drain regions are formed by the implantation of arsenic through the metal silicide bit

line 48, so that the source/drain regions underlie the bit lines 48. A conventional masking and implantation
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created has a very low resistance bit line, inproving device perfornmance,
and al | owi n@@-t he Thediethododf cluimel, hdreid thegeptobiobeing et eiticideridk t he cel |l size to
al so be reduygggs llgglgdreper the frequency of contacting the bit line may al so
be reduced. Anot advant age of the structure is the planar architecture
that the use of eﬁﬁét“éga@?"}cio&yrﬁéal@lﬁ}‘“F*Ffféesb@A@vi‘”des In alternative

enbodi nments, as despi tbdned ahnBalig glittiethd beesd (4 telofshdeta ki@ei®48)3n thoiecest(@hed, only
the ONO |ayer 32 down to the substrate 30. The silicide 48 is fornmed on

the substratg 30. Trﬁkﬁgmwwmiwfugg (ﬁﬁqb&wlhg\sﬁﬂﬁdng@?ps hasshagp described and

illustrated Tn deta ear t the sane is by
way of il | ushewbsrain Gt savrse/drapesiPnsid) bF1§W Hemeglsiliside piglne*8hay | i mi tati on,
the scope of the present invention being limted only by the terns of the
appended cl ad.nms. The WAhQ3Jf OB AirtRCEIISERY BB oxidWEATn S CLAIMED 1S 1. A

met hod of folggggsr&ger%el}gg\%wﬁgg&ﬁ] oxide nitride oxide sem conductor) device,

the nethod conprising t steps of: form ng charge trapping dielectric

| ayer (32) on a substrate (. etching a_ recess (44? t hrough t he charge
trappi ng di el ect r THe medgdet 016?2% Wf‘?ﬁel&@ﬁﬁf?ftﬂillféeé thexpat gynegling compristsarplpg 18¥h: ~and
f or m ngenargyeittadn esdrdyiflérdeotibittvedniabdt {04B)cnf® o abduel.3 Ba€ss (44). 2. The net hod of
claim1l1, wherein the step of formng a netal silicide bit |I|ine (48)

i ncl udes: efQOSItI ng a refractory netal (46) in the recess (44); and |aser
t hermal anneal i ngThgimetioh of Hemr le pberein (he Fhargcoirppipgianet® isi exideawrideRsye i n t he

recess lafd) .

7. A metal oxide nitride oxide semiconductor (MONOS) comprising:
a substrate (30);
a charge trapping dielectric layer (32) on the substrate (30);
arecess (44) in the charge trapping dielectric layer (32); and
a metal silicide bit line (48) in the recess (44).

8. The MONOS of claim 7, wherein the metal silicide bit line (48) is a

buried bit line.

9. The MONOS of claim 8, further comprising oxide on the metal silicide bit line in the recess

and word lines over the charge trapping dielectric layer and the oxide.

10. The MONOS of claim 9, further comprising a source/drain region

under the metal silicide bit line.

11. The MONOS of claim 10, wherein the metal silicide bit line
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3. The method of claim2, further conprising inplanting dopants (50) into
the substrate (30) to formsource/drain regions (52) bel ow the netal
silicide Wwoto3los49e4 (48). 4. The nethod of claim 3, furtherCrarsp?/3®sng
formng oxide (54) in the recess over the netal silicide bit line. 5. The
met hod of cl@inphisds lasahiRdn@dl Bnedi@l ke plidde. | aser thermal anneal i ng conpri ses
appl yi ng | aser ener gy with an energy fluence of bet ween about 50 m]/cer to
about 1.3 J/gnP. t

| ayer (BU‘%‘: |s an oxi cfmoslrgtafrclng'g oxP%lerF]ggm%eng%&lécp oxXl| eoétcl{e?%? de oxi de
sem corfifetfRO(NWENCS) conprising: a substrate (30); a charge trapping
dielectric layer (32) on the substrate (30); a recess (44) in the charge
trappi ng di efsect rihe MOY@S of AZ)n; 12aRderein tH¥ek@bs &ichds Ghtel@hebdubstrhte Aed (hd Sjetal N t he
recess MNOS of claim7, wherein the nmetal silicide bit line
(48) i s l%%)iglt@nelsdmﬁm ine. 9. The MONGS of claim 8, further conprising
oxide on the netal silicide bit line in the recess and word |lines over the
charge trapping dielectric |ayer and the oxide. 10. The MONCS of claim9,
further conprising a source/drain region under the netal silicide bit

line. 11. The MONOS of claim 10, wherein the netal silicide bit line 5 WO
03/ 054964 PCT/ US02/ 39781 conprises |laser thermal anneal ed netal silicide.
12. The MONCS of claim 11, wherein the charge trapping dielectric |ayer is
an oxide-nitride- oxide (ONO |layer. 13. The MONOCS of claim 12, wherein the
recess extends into the substrate and the netal silicide bit lineis in
the recess. 6



