
LASER ANNEALING BACKGROUND 10011Intearated circuits (iCs) typically
comprise numerous circuit components interconnected to perform the desired
functions. Such circuit components include. for emimple, transistors. A
transistor may cl dc a gate between source and drain regions. To form the
source and drain regions dopanis axe implanted into the substrate. The
implanted dopants need to be electrically activated. Activation, for
example, Can be thieved by subjecting the substrate to high temperatures,
such as annealing. [0002]As technology continues to scale, for example, to
65 nm or below, laser based anneals, have been developed to address needs
of ultra-low thermal budgets demands. However, we have discovered that
laser-based annealing can result in non-uniformity or a wide variation in
resistance within the wafer. Such lot uniformity or variations in
resistance is undesirable because it adversely affects the uniformity of
the device perihunance across the wafer, This could have a detrimental
effect on the product yield. SUMMARY (00031A method of semiconductor
fabrication is presented. The method includes providina a substrate having
first and second surfaces. The first and second surfaces are segmented into
a plurality or first and second zones. The -first zones on the first
surface are processed individually and the second zones on the second
surfacprocessed individually. Co: 'sporidinf first and sewn_ zones on the
first and second surfaces are oyachronously processed, [00041In another
embodiment, a method of fabricatingle is disclosed. The method includes
providing an article having first and second suifitces, The first and
second surfaces are segmented into first and second tones. The first zones
on he first surface are processed individually and the second zones on the
second surface a processed individually. Corresponding zones on the first
and second surfaces are synchronously processed.  



[0005]In yet another embodimentsemiconductor processing system is
presented. The processing system includes a stage for mounting a substrate
to he processed. The system also includes an excitation system For
processing first zones on a first surface of the substrate and a heating
source for processecond zones on a second surface of the substrate. The
excitation system and beating source are configured to process the
corrcsporidi ng first and second -2 as on the first and second surfaces
synchronously. [0006]These and other objects, along with advantages and
features of the present invention. herein disclosed, will iecome apparent
through reference to the following description and the accompanying
drawings. Furthennore, it is to be understood that he features of the
various embodiments described herein are n mutuadlv exclusive and can exist
in various combinations and permutations. BRIEF DESCRIPTION OF THE
DRAWThIGS 100171The patent or application file con tams at least o to
drawing executed in eolc of this patent or patent application publication
with color drawing(s) will be provided by the Office upon request and
payment of the necessary fee. 10081In the drawings, like reference
characters generally refer to the same parts throughout the different
views. Also, the drawings are not necessarily to scale, emphasis instead
generally being placed upon illustrating the principles of the invention.
In the following description, various embodiments of the present invention
are described with reference to the folio drawings; in whjclr [0QO9Fig. i
shows an emhodimen ofa processing system; [0010]Fig. 2 shows an embodiment
of a wafer; 



100111Fig. 3 shows a laser annealed wirer with uniform backside heating;
[00121['Ms. 4a-c show an embodiment of processing an article; and  lamp
arrays. DESCRIPflON [00141Embodiments generally relate to processing or
processing systems. Embodiments can be employed, for example, frai thrtning
semiconductor devices orgrated circuits (ICs). Various types of devices can
be formed; for example dynamic or tatic random access memories, signal
processors, or system-on-chip devices. The devices can be incorporated into
for example, consumer electronic products, such as computers, cell phones,
and personal digital assistants (pDAs). Embodiments may also be applied to
other industries of applications. [0015]I-dg. 1 shows a simplified diagram
of an embodiment of a processing system 100. In one embodiment, the
processing system is an anneal.ina system. The annealing system can be
employed to for example, anneal a substrate prepared with doped regions,
such s source/drain regions of a transistor, for dopam activation, The
processing system may also be employed far other purposes, such as
silieidation. 100161As shown, the processing system comprises an excitation
source 110. in one embodiment, the excitation source comprises a radiation
source. Various types of radiation sources maybe employed. In one
embodiment, the radiation source co raises a laser sot 



The laser sourc or example comprises a CO? laser. Other types of radiation
or I ser sources may also be useful. The excitation sourceaple, serves as
an nnealing or heating source. 100171An optical system 115 is provided.
Although the optical system is depicted as a single optical lens for
simplification, it is understood that the optical system can include a
plurality of lenses, The optical. system receives radiation from the
excitation source. it also projects an image of the radiation onto, for
example, a processing surface 152 of an article 150  disposed on a stage
130. The article 150 can he, lbr example, a semiconductor wafer. The sem
conductor wafer includes first and second opposing surfaces. The first
surface, for examj comprises a front surface on which devices or ICs are
formed while the second surface comprises a back surface. In one
embodiment, the radiation processes the first surface of a semiconductor wa
lea The image can be, for example, rectangular or square in shape. Other
types of images can also be used. In one embodiment, the beam image is
optimized to obtain best uniformity performance across the wafer and
mainr.amed constant. Temperature can be tuned by adjusting the laser power.
Other techniques for adjusting the temperature may also he useful. The
excitation source and optical system may be collectively referred to as an
excitation system. [00181The stage or chuck 130 holds an article 150 to be
processed, such as a semiconductor wafer. 'The stage or chuck for example,
holds the wafer in place by vacuum pressure. Processing other types of
articles is also useful. [00191The processing of the wafer front surface
can be achieved by focusing a scanning beam from the excitation system onto
the wafer surface. In one embodiment, the excitation system comprises a
translatable excitation system. For example, the excitation system is
translatable in the -y direction lionned by a plane of the surface 152 of
the article to be processed. For other applications, the excitation source
110 and the optical system 115 may he translatable multi-dimensionally.
Since the snot size of the radiation image or beam is generally smaller
than the article, providing a translatable excitation system enables
different parts of the article to be processed by the image. In one
embodiment, the translatable excitation system enables the processing
surface of the article to be fully processed by the radiation. For example,
the translatable excitation system enables the radiation to anneal the
first or front surface of the wafer. In alternative embodiments,stage may
be translatable while the excitation system is rixed or both the stage and
excitation system mayransiatable. 



be a 300 mm wafer on which a plurality of ie are formed in parallel. Other
sized wafers are also us . the fer is diced after processing is completed
to produce individual dies. The dies are assembled and packaged into ICs.
100214The wafer includes a notch 156 for orientation purposes. The wafer is
divided into a plurality of zones 170, arranged in a matrixand columns y.
As shown, the wafer is illustratively divided into zones arranged in a 3x3
matrix. In alternative embodiments, the wafer can be divided into other
number of zones or matrix size. 100221in one embodiment, the wafer is
attached to the chuck by vacuum pressure. Once the wafer is attached to the
chuck, the translatable excitation system is set at the home position.
from the home positim 1 one embodiment  itation system is translated to
process the zo  



s of the wafer. In  processed one row at a time in a snake configuration.
Other configurations are also useful. For example, zones 1701i - I 7Oj in
the first row are processed by translating the excitation system from the
home position in the positive x direction (from column 1 to column 3).
After the first row is finished the excitation system translates to process
the second row :zones by the radiation image. In one embodiment, the second
row is processed by moving the exckalion system in the _negative x
direction to process zones I 70274 17021, Alter processing  of the second
row is -finished, the excitation system is positioned to process the third
row of zones. For example, the excitation system is translated in the
negative y direction and then in the positive direction to process zones I
70317033, in this manner, all zones of the wafer are processed. As
described, the zones are processed one row it a time in sequence.
Alternatively, the zones can be processed using other sequences or orders.
[00231'1 he excitation system can be translated in the column direction in
a continuous or scanning motion to process a row of zones. Alternatively,
the excitation system can be translated  in the row direction to process a
column of zones, The scanning processes the zones, for example, in an
overlapping manner. For example; the speed of the excitation system can be
adjusted as desired to provide the desired processing time for the zones.
Translating the excitation system in other configurations OT arrangements
is also useful For processing the wafer. [0024]In conventional laser
annealing; the chuck is heated to uniformly heat the backside of the wafer,
For example, the chuck is heated at a temperature of about 300 to 450 'C.
However, we have discovered that by heating the back surface of the wafer
uniformly using the chuck, post-laser thermal anneal (post-LSA) budget
varies across the wafer. For example, the first zone that is processed
first will have the greatest post-USA thermal budget while the last zone
processed will have the least posh :SA thermal budget. Post-LSA heating
causes deactivation of dopants which can increase resistance. This
variation post-LSA thermal budget leads to different degrees of
deactivation across the wafer, resulting in large variations of resistance
across the wafer. 100251Fig. 3 shows a 300 min wafer 900 processed by laser
anneal with the backside uniftwinly heated to a temperature of about 300 to
450 "C. The first surface of the wafer was blanket implanted with As
dopants. The dopants were implanted at an energy level of I to 50 keil
with. a concentration of about I El 4 to I El 6 atoins/cm2. laser anneal
was performed on the wafer. The laser anneal scanned across the first
surface in a row by row manner from the top portion (portion opposite of
the notch) to the bottom portion of the wafer (portion with the notch). For
example, the first row is scanned in the x-direetion, followed by
subsequent rows (in the y-direction) until the wafer is completely
processed. The average speed for the scanning of the laser anneal is, for
example, about 180 ininis. Resistance at different parts of the wafer was
measured via the use of a 4-point probe measurement tool. 100261As shown,
the resistance in zones at the bottom (notch) portion of the wafer which 



receives the lowest post-USA thermal budget is the lowest while the
resistance in zones at the top       site to notch) portion which receives
the highest post-LSA thermal budget is the highes For example, the
resistance in the top portion has a resistance at greater than ahoi.tt 280
ohm/sq while the bottom 1,tiortion has a resistance oftthan about 2.55
ohm/sq. As evidenced by Fig. 3, conventional SA produces a variation in
rest nee across the wafer which is at least greater than about I 0.4. Such
a large variance in resistance across the wafer adversely affects the
uniformity of the device performance across the wafer. This could have a
detrimental effect on the product 100271Referring hack to hothe stage
includes a backside heating source 160. The heating source serves to heat a
nonprocessing surface 154 of the article. For example, the heating source
serves to heat the second or backside surface of the wafer. In one
embodiment, the backside heating source heats the back surface ol the water
in a non-uniform mariner. For example, the non-uniform healing source heats
a portion or portions without heating back surface of the wafer. 100281in
one embodiment, the heating source comprises a synchronized backside
heating source. The syu.chronizeci backside heating source processes or
heats the zone or zones of the backside surface of the wafer corresponding
or substantially corresponding to the zone or zones of the fro t s rface
that is being processed by the excitation radiation, [0029]it one
embodiment, the backside h ing source comprises a lamp array. The lamp
array may include a plurality of lamps arranged in rows and/or ;Minns, For
example, the lamps may be arranged or aligned in rows for processing a row
of zones. Aligning the lamps in coltunns br processing a column of zones
may also be useful. Other configurations of lamps may also be useful. 'flan
lamps for example, may comprise heat lamps, such as tungsten halogen lamps.
Other types of annealing or heating lamps are also useful. 



[11,030]A lamp can be configured to cover a zone on the backside
corresponding to a zone on the frontside of the wafer. In other
embodiments, a lamp is configured to cover a smaller zone  on the backside
than the frontside zone. For example, more than one lamp can cover a zone
on the frontside of the wafer. Lamps can also be configured to be
overlapping. For example, adjacent lamps can cover common portion of the
same zone or zones as well as noneonimon portions of adjacent zones. Other
configurations are also u elhl. Smaller zones can improve synehronicity of
froritside and backside he [0031]The lamps of the lamp army can be
selectively switched on to heat the zone or zones on the hack surface of
the wafer corresponding or substantially cotrespondina to the zone or zones
of the front surface that is being processed by the excitation radiation.
In one embodiment, a rowcolumn) of lamps is/are sequentially activated to
heat a row (or column) of zones in sequence in the back surface, which
corresponds to a row for column) of zones which are sequentially processed
on the front surface by the excitation radiation. In other embodiments, a
row of lamps in the lamp array is selectively activated to heat a row ()II
zones in the back surface which corresponds to the row if zones processed
on die front surface. Other configurations of activating the lamp array-
are also useful, [0032]in ahernaive embodiments, the backside heating
source comprises an excitation Source. The backside excitation source, for
example, can be similarfroniside excitation source In one embodiment, the
backside excitation source comprises a laser source. For example, the
backside excitation source comprises a CO2 laser. The backside excitation
source can be configured with a backside optical system to form a backside
excitation system. Other  pes of radiation sources and/or systems may also
be useful. The racnation inages of the froth:side and backside can be
aligned, fOr example, to process corresponding zones of the front and hack
surfaces of the wafer. 10033jIn one embodiment,backside heating source,
such as the lamp array, is disposed 



in a cavity 135 of the chuck. A guard ring 138 is provided on the chuck The
guard ring  provides a mounting surface fm- the edge of the wafer, allowing
the backside heating source to heat the exposed backside of the wafer.
100341Figs. 4a-c show an embodiment of a process li,tr processing an
article 150. The article comprises at. least first and second major
surfaces 152 and 154. The major surfaces may be opposing surfaces. In one
embodiment, the article comprises a semiconductor  wafer with opposing
first and second major surfaces. The first major surface. for ex,. mle" is
the rout surface on which devices or ICs are funned while the second major
surface is the back surface.    frontside excitation source 110 is provided
for processing the front surface and a backside heating source 160 is
provided for processing the back surface of the wafer. in one embodiment,
zones of the wafer are processed one at time. As illustrated, the first row
of zones 170 17013 of the wafer is processed. 100351Referring to Fig. 4a,
the frontside excitation source processes the first zone I 70 of the 11At
the SaIlIC time, the backside excitation source is heating at least the
zone on back surface corresponding to the first zone of the first row. As
the excitation system is translated, the second zone 170i7 in the first row
on the front surface is processed by the frontsicki excitation source, as
shown in Fig. lb. Likewise, the backside heating source is synchronized to
heat at least the zone on the back surface of the wafer corresponding to
the second zone of the first row. [0036}Fig. 40 shows the third zone of the
first row of the urger in the front and back surfaces being processed by
the frontside excitation and backside heating sources as the excitation
system continues to he translated. The process continues to, for example,
process the front and back surfaces of the wafer corresponding to the other
zones of the wafer. For example, the other rows of zones are sequentially
heated until process g of the wafer is completed. 1003715 shows an
akernative embodiment of processing an article 150, such as a 



of articles or wafers is also useful, The wafer is separated into n rows of
tones. Illustratively, the wafer is separated into six rows of zones 17014;
(e.g., n 6). Separating the wafer into other number of rows of zones is
also useful. For example, he nt.rniber of rows may correspond to the number
)f rows which a &outside excitation source scans to process the front
surface of the wafer. Other configurations of synchronized  &outside and
backside beating may also be useful. For example, the 11 umber of different
zones may correspond to the number of different sheet resistance zones
acthe wafer, such as that measured in Fig. 3. 100381A backside heating
source 160 is providd to heat back surface of the wafer. In one embodiment,
the backside heating source comprises a lamp array. The lamp array is
selected to heat the back surface of the wafer in segments or rows. In one
embodiment., the lamp array heats the back surface of the wafer in b
segments OT rows. In one embodiment, the number of segments is equal to the
number of rows of zones (b = n). Other configurations of heating the hack
surface of the wafer are also useful such as in the case where b n. iii one
embodiment the frontside excitation source processes the zones af the water
one row at a time. The frontside excitation source, for example. scans or
steps ac.ross a ro of the zones of the wafer a row at a dine. The
&outsideItation source, in one embodiment, processes the rows sequentially
from the first row 171 to the last row 1706. Processing the frontside in
other sequences or configurations is also useful. (00391As the ft- ritside
excitation source processes a row ot zones on the front surface, the
backside heating source heats a corresponding row on the back surface. In
one embodiment, the backside heating source heats the whole corresponding
nninitaneously. For example, when the &outside excitation source begins to
scan or steps across the first row on the front surface, the backside
heating source beats the first row on the hack surface. 'This continues for
subsequent rows until the last row has been processed. In other
embodiments, a portion of the corresponding row on the back surface can be
heated for example, half of the  corresponding row is heated followed by
the other half Other configurations of synchronized backside and frontside
processing may also he useful. 100401By selectively heating the back surf
ee of the wafer corresponding to the front surface of the wafer hei
ocessed, post-ESA budget vanauoii within the watkr is reduced. This, in
turn, reduces the dopant deactivation differences across the wafer. As a
result, more uniform performance across the wafer is ac 10041]The invention
may be embodied in other specific forms without departing from the 



spirit or essential characteristics thereof. The foregoing cmhodimnenis,
therefore, are to be considered in ail respects illustrative rather than
limiting the invention described herein. Scope of the invention is thus
indicated by the appended claims, rather than by the Ibregol description,
and all changes that come vithin the meaning and range of equivalency of
th.e claimsintended to he embraced therein.  What is claimed is: CLAIMS A
method of serniconductm tahreaton comprising:       providing a substrate
having first and second opposing surfaces, wherein the first and second
surfaces are segmented into a plurality offirst and second zones:
processing the first zones on the first surfhce inthvidualiy; and
processing the second zones on the second surface individually,
wherein corresponding first and second zones on the first and second
surfaces are synchronously processed.  2. The method claimtin processing
the zones on the first surface comprises scanning the first surface with an
excitation system, whereinprocesses a row of -ones. 3. The method of claim
2 wherein the excitation system comprises a laser excitation source. 



4. The method of claim 2 wherein the excitation system comprises a laser
excitation source and an optical system for focusing an excitation image
from the excitation source onto the first surface of the substrate.
The method of claim 4 ierein the excitation system is translated to process
the zones on the first surface, 6.-Ike method ofelairn I wherein processing
the zones on the first surface comprises repeatedly scanning the first
surface with an excitation system to repeatedly process rows of zones until
all zones areossed.   7. The method of claim 6 wherein the excitation
system comprises a laser excitation sour  8. The method of claim 6 wherein
the excitation system comprises a lase- excitation source and an optical
system for focusing an excitation image from the excitation source Onto the
first SW face of the substrate.       The method of claim 8 wherein the
excdation system is translated to process the zones on the first surface.
10.The method of claim I wherein processing the zones on the first and
second surfaces comprises henon the first and second surfaces. iiThe method
of claim 1 wherein processing the zones on the first and second so COS
synchronously reduces within substrate variations in sheet res 



12. The method of chum I wherein processing the first surface activates
dopants of doped regions on the substrate,  13. The method of elaiin 12
wherein processing the zones on the first andsecond. surfaces synchronously
reduces within substrate variations in sheet resistance.  14. 'The method
of claim I wherein processing the second surtitice comprises heating the
second surface with a second surface heating, source.  15. The method of
claim 14 wherein the second surface heating source comprises a lamp 16. A
method of fabricating an article comprising;       providuw anhavinu first
and second surthces, wherein the first and second surlces are segmented
lntoalura.1nv of first and second zones; processing the first zones on the
first surffice individually; and       processing the second zones on the
second surface individually; wherein corresponding first and second zones
are synchronously processed. 17. The method claim 16 wherein the whole
comprises a semiconductor wafer,  18.The method of claim 16 wherein pro 



sing theon the first sun ace comprises      ding the first surface of the
article with an excitation system, wherein scanning processes a row of
zone: 19,The method of claimn the excta.tion system comprises a laser
excitation source. 20.A semiconductor processing system compri g- stage for
mounting a substrate to be processed; an excitation system for processing
first zones on a first surface of the substrate; and    a beating source
fitir processing second zones on a second surface oldie substrate, wherein
the excitation system and ITsource are configured to process correspor
first and second zones on the first and second surfaces synchronously. 


