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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



the cell size. Also, a planar architecture of the bit line may be provided.
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Figure 9 shows the structure of Figure 8, after polysilicon word lines have been deposited over the
ONO layer and the bit line oxide in accordance with embodixﬁents of the present invention.

Figure 10 shows the structure of Figure 9, after a low resistance silicide has been formed on :the
polysilicon word lines, in accordance with embodiments of the present invention.

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-subsrate 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 precisély 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/cm? to
about 1.3 Jem?,

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
3
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way -of i l{gistr gat Rtonfdthes $RBly SvitiH the aubdtrate, not to be taken way limtation,
the scope of the present invention being limted only by the terns of the
appended clains. 4 2 8 MAR 2006 CLAIMS: 1. A nethod of form ng a MONOS
(metal . oxide Bitrigg. AXihde oBQMbFL et BE Step BEMHARE alnieal BRIINRSiCONDI i Si ng
the steps of 5 formng 'a nitride charge trapping dielectric layer (32)on a
subst r at e- (30) line 48 fAchges recess (44) through the charge. trapping
dielectric layer (3 b ed : £l ance with a bit
ﬁﬁ)é,sagﬂ b bkt et 28] indhrebdls ?ﬁ%&'.

line, pattern; form ' Ilicide bit Tine ) 1in the recess (44),
and formHg oxi de i lnsertibermelannsalingavithimthe rechss (4tte form metel;silicidsi (8) inthe i s a
buried: line 19%%); gy s contained entirely within the substrate. 2. The
met hod of claimI,” ‘Wierein the step of forming a fmetal suicide bit [line
(48) includes: depositing a refractory netal' (46) in the recess (44); and

15 l.aser thernmgl an [ j Eshﬁrﬁ;@ gﬁg@ﬁu A}é’] LR Ak.Si |1 Cide

(48) in. the rrrg'ecess %ﬁ%mdg&‘a e ‘et eé : (l:l{gal je {,?n (8{? gﬁ@%ﬁ%ri si ng

i mpl anting dopéiet substfBOY30) tmfagm source/drain regions (52) below the metal silicide ‘bit: line
20  (48). |

4, The method of claim 3, further compriging forming oxide (54) in the
recess over the metal silicide bit line.

25 5. The method of claim 2, wherein the step of laser thermal annealifig-Gomprises
applying laser energy with an energy fluence of bétWeen about 50 r_nﬂcm2~to.-abaut
- 1.3 Yem?2- |
6. A metal oxide nitride oxide semiconductor (MONOS) comprising:
30 a substrate(30); '

a charge trapping dielectric layer (32) on the substrate (30);

AF01124-HRW Claims as filed Feb 04




the substrate (30) to formsource/drain regions (52) below the netal
silicide : bit. lime 20 (48). 4. The nethod of claim3, furtteyMgompyising
form ng oxide (54) in the recess over the netal suicide bit line. 25 5.
The met hod of claim2, wherein the.-step of.laser thermal annealing: conpn
eis applying |aser energy with an energy fluence of between about 50
nflcnR2. -to-about 1.3 J/cm2 6. A netal oxide nitride oxi de sem conductor.
(MONCS) conprising: 30-a subhstrate(30); a cparge, trapping.dielectric |ayer
(32) on the substr at e2¢geys (dAppthepargekmpping fielectis laver &) mdextadmging thaR
2006 a recess. (44),40:t iy charge trapping dielectric layer (32) and
extending into the substrate; and a netal silicide bit line (48)- in the
recess (44) cont ai neda-netglisileide hit tidd 8} e thesngbast (44) @ontdingd - efiirely MEHGE thé
claim,b, wherein_.the nmetal silicide bit line (4) is a- buried bit line. 8.-
The MONCS of cl aPfRS¥3 urt her conprising oxide on the netal - silicide-Wt
line. 10 is the recess and word |ines over the charge trapping dielectric

| ayer. and the oxide 9. The of clai.m8, further, conprising a
source/drain regifon dheaMONGRo ?‘5‘|6=§\'Wefe&4§€ws‘ﬂ‘?‘ﬁ%g‘tg§eé@&‘.“The MONCS
of claim9, whergjRedhieligetal silicide bit line conprises laser thermal
anneal ed netal silicide. 11. The MONGCS of claim 10, wherein the recess
extends into- the -subst te:.and the netal silicide bit line is in the

recess. 20 4F011 §4 } HR)%WS aPclgiinl ’E‘i’ixrﬁf'ep c%prising oxide on the metal siliéiﬂé-bﬁ line. -
10 in the recess and word lines over the charge trapping dielectric layer and the oxide-

9.  The MONOS of claim 8, further comprising a source/drain region
under the metal silicide bit line. '

15  10. The MONOS of claim 9, wherein the metal silicide bit line comprises laser
thermal annealed metal silicide.

11.  The MONOS of claim 10, Wherein the recess extends into the substmteand

the metal silicide bit line is in the recess.
20 ’
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