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i nvention The present invention relates to the field of sem conduct or
processing: and nore specifically to the field of polishing nethods and
apparatuses for planarizing thin filns formed over a sem conduct or
substrate. 2 Description of Related Art Integrated circuits
(1Cs) manufactured today generally rely upon an el aborate system of
nmetalization interconnects to couple the various devices which have been
‘fabricated in the seniconductor substrhte. The technol ogy for form ng these
netalized interconnects is extrenely sophisticated and well understood by
practitioners in the art. PolishingdiadGonditioning Apparatussone ot her netal is

deposited and then patterned to form.interconnect paths along the surface
of t he' silicon substrate. FOI‘ Wafer P‘ananzatlon Process

BACKGROUND OF THE INVENTION
1 'Eield of the | " |

The present invention relates to the field of semiconductor processing;
and more specifically to the field of polishing methods and apparatuses for

planarizing thin films formed over a semiconductor substrate.

2 Description of Related Art

Integrated circuits (IC’s) manufactured today generally rely upon an
elaborate system of metalization interconnecté to couple the various devicés
which have been fabricated in the semiconductor substrate. The technology for -
forming these metalized interconnects is extremely sophisticated and well
understood by practitioners in the art. '

Commonly, aluminium or some other metal is deposited and then
patterhed to form interconnect paths along the surface of the silicon substrate.
In most prbcess_es, a dieiéctric'or insﬁlated layer is then deposited over this first -
metal (metal 1) layer; via openings are etched through the dielectric layer and |
the second metalization layér is deposited. The second metal layer covers the
dielectric layer and fills the via openings, thereby making electrical contact |
down to the metal 1 layer. The purpose of the dielectric layer, of course, is to act
as an insulator between the metal 1 and metal 2 interconnects. Most often the
intermetal dielectric layer comprises a chemical vapor deposition (CVD) of

silicon dioxide which is normally formed to a thickness of approximately one



| ~npst processes, a dielectric or insulated layer is then deposited over
this first nmetal (nmetal 1) |ayer; via openings are etched through the
dielectric layer and the second netalization |layer is deposited. The second
nmetal |ayer covers the dielectric layer and fills the via openings, thereby
maki ng el ectrical contact down to the netal 1 |ayer. The purpose of the
dielectric layer, of course, is to act as an insulator between the netal 1
and netal 2 interconnects. Mdst often the internetal dielectric |ayer
conprises a chem cal vapor deposition-(guD) of silicon dioxide which is
normal ly formed to a t hi ckness of approxi mately one
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These step height variations in the upper surface of the mterlayer
dielectric have several undesirable features. First of all, nonplaner dielectric
surfaces interfere with optical resolution of subsequent photolithographic
processing steps. This makes it extremely difficult to print high resolution lines.
A second problem involves the step coverage of rqetal 2 (second metal) layer
over the interlayer dielectric. If the step height is too large there is a serious
danger that open circuits will be formed in metal 2 layer.
To combat these problems, various techniques have been developed in
an attempt to plaﬁan’ze the upper surface of the interlayer dielectric (ILD). One
| approach employs abrasive polishing to remove the protruding steps along the
upper surface of the dielectric. According to this method, the silicon substrate is
placed face down on a table covered with a flat pad which has been coated with
an abrasive material (slurry). Both the wafer and the table are then rotated
relative to each other to remove the protruding portions. This abrasive polishing
process continues until the upper surface of the dielectric layer is largely
flattened.
One factor in achieving and maintaining a high and stable polishing rate
is pad conditioning. Pad conditiohing is a technique whereby the pad surface is

put into a proper state for subsequent polishing work. In one conditioning

method, as shown in Figure 1, the polishing pad 12 is impregnated with a



A" second probleminvol ves the step coverage of netal 2 (second netal) |ayer
over the interlayer dielectric. If the step height is too large there is a
'serious danger that open circuits will be formed in netal 2 |ayer.

To conbat these problens, various techni ques have been devel oped in an
attenpt to planarize the upper surface of the interlayer dielectric (I1LD)
One approach enpl oys abrasive polishing to renove the protrudi ng steps

al ong the upper surface of the dielectBit. According to this nethod, the
silicon substrate is placed face down on a table covered with a flat pad
whi ch has bphimaliy£f saacrogroavesals. aBolishing.pedi 18 is(sHown in) FigBes 1 hawing\af er
and the table are ,then rotated relative to each other to renove the
protrudi ng B8Ae$ ghsubstaptialineircumiererial greowesplbinsmedeacross the partian oft he

upper surfage of ,the dielectri¢c |layer is largely flattened. One
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across the entire pad surface, the grooves are normally only formed into a
| portion of the pad over which polishing takes place. This is shown in Figure 1
by the grove path area 16. '
Figure 2 illustrates a cross section of grooved path area 16 formed on the
pad 12. As can be seen, the grooves are characteristically triangular shaped
(but may have other shapes as well), and have an initial depth which is
sufficient to allow slurry to channel beneath the substrate surface during
polishing. The depth of the macrogrooves is approximately 300 microns. The |
spading of the grooves varieslfrom about two grooves per radial inch to 32
grooves per radial inch.
A problem with this technique of conditioning the pad is that over time,
the one time provided macrogrooves become wom déwn due to polishing. This
is shown by the broken line 18 in Figure 1. As polishing occurs, pad 11 get.s
worn away and the added'maérogrooves become smoothed over. A smooth
pad surface results in a reduction of slurry delivery beneath the wafer. The
degradation in pad roughness over time resulits in low, unstable, and
unpredictable polish rates. Low polish rates decrease wafer throughput.

Unstable and unpredictable polish rates make the planarization. process

unmanufacturable since one can only estimate the amount of ILD removed from



t-he pad over which polishing takes place. The macrogrooves aid in polishing
by channeling slurry between the substrate surface and the pad. The
macrogrooves 14 are formed pri.or to polishing by nmeans of a mlling
machine, a lathe, a press or similar method. Since polishing does not
normal Iy occur across the entire pad surface, the grooves are normally only
formed into a portion of the pad over which polishing takes place. This is
shown in Figure 1 by the grove path area 16. Figure 2 illustrates a
cross section of grooved path area 16 farnmed on the pad 12. As can be seen,
the grooves are characteristically triangular, shaped (but may have ot her

shapes as vgdfer to wafbrNAGifenally, Wi theidd ilighRess badbines! “gRizeli® opl | oW

slurry to channel beneath the Substrate surfaCe during polishing. The depth
of the macreomobotheds over iy, Paigimwalfors Ilishiat addifferehitchighecraig titdn tbe
grooves varies from about two grooves per radial inch to 32 grooves per
radi al i nctsmooth wafers. pTiudtlisywafers whicrshavectoughusurtdcesdrai; fooexampldie pad
is that over tinme, the one tinme provided macrogrooves becone worn down due
t o pol i shi h@sermaribeilineshpalishogt tasterratascvedause theirisuriecgs fwugh” e padi shi ng
occurs, pad 11 gets worn away and the added macrogrooves becone snpot hed
over. A smnacpatdmmheadphsés WThis inareasasceluay idstivery kenaath these waiess
beneat h t he fer. The degradatjon j ad roughness _over tine results in
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amount of 1 LRJ Breitkdeh! §Bks of wafers make the polishing process unmanufacturable.

Thus, what is desired is an apparatus and method for mechanically
polishing a thin film wherein the polish rate is high, stable, and independent of

wafek type.



-4- wafer to wafer. Additionally, when the pad roughness becones "gl azed"
or "snoot hed" over tinme, rough wafers polish at a different, higher rate
t han do snmooth wafers. That is, wafers which have rough surfaces from for
exanpl e, laser scribe lines, polish at faster rates because their surfaces
"rough" the pad surface while they polish. This increases slurry delivery
beneath these wafers which accounts for the rise in polish rate. Thus, the
polish rate of wafers pol.ished with the earlier nethod is dependant upon
wafer type. Different polish rates ferddifferent types of wafers nake the
pol i shi ng process unmanuf act ur abl e. Thus, what is desired is

) ’ically polishing a thin fil mwherein the
"'“dependent of wafer type..

An apparatus for polishing a thin film formed on a semiconductor
substrate is described. The apparatus has a rotatable table and a means for
rotating the table. A polishing pad with a plurality of preformed, circumferantial,
triangular grooves of about 300 microns deep covers the table. The preformed
grooves facilitate the polishing process by creating a corresponding plurality of
point contacts at the pad/substrate surface. Means is provided for depositing an
abrasive slurry on the upper surface of the pad. Means is also provided for
forcibly pressing the substrate against the pad such that ihe rotational
movement of the table relative to the substrate together with the slurry resufts in
planarization of the thin film. Additionally, while wafers are polished a pad
conditioning apparatus generates a plurality of radial microchannél grooves
with a triangular shape and with a depth of about 40 microns. The
microchannel grooves aid in facilitating polishing by channeling slurry between
the substrate and the polishing pad. The pad conditioning apparatus comprises
a diamond block holder having a plurality of threaded diamond tipped shanks
embedded intc a substantially planar surface of the block. A conditioner arm is
coupled at one end to the diamond block holder and at the other end tb a
variable speed oscil!ating motor. The motor pivots the arm about a fixed point
which sweeps the holder block in a radial direction across a predetermined
portion of the polishing pad. The embedded diamond'tippe‘d threaded shanks
generate the microchannel grooves as the holder block is swept across the pad

surface.



~ 5 - SUMVARY OF THE | NVENTI ON An apparatus for polishing a thin
filmformed on a sem conductor substrate is described. The apparatus has a
rotatable table and a neans for rotating the table. A polishing pad with a
plurality of preformed, circunferential, triangular grooves of about 300

m crons deep covers the table. The preformed grooves facilitate the
pol i shing process by creating a corresponding plurality of point contacts
at the pad/substrate surface. Means is grovided for depositing an abrasive
slurry on the upper surface of the pad. Means is also provided for forcibly
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grooves mﬁqug gﬁagﬁpular shape and with a depth of about 40 m crons. The
m cr ochanne gPooves'aid in facilitating polishing by channeling slurfy

between the subgjdthbegaarofithe pressatihventiciis tbheontindampBAH IdoRBistshtly
appar at us conpri ses
' channel slurry between the polishing pad and substrate by continually
conditioning the pad surface during polishi'ng. |

Still another goal of the present invention is to provide means to
adequately and éontinually condition the polishing pad without providing undo
wear on the pad surface. |

Still yet another goal of the'preseﬁt invention is to be able to condition |
predetermined portions of the polishing pad more than other portions of the

pad.



a"di anmond bl ock hol der having a plurality of threaded di anmond tipped shanks
enbedded into a substantially planar surface of the block. A conditioner
aLmis coupled at one end to the dianond bl ock hol der and at the other end
to a variable speed oscillating notor. The notor pivots the arm about a
fixed point which sweeps the holder block in a radial direction across a
predeterm ned portion of the polishing_ pad. The enbedded di anond ti pped

t hreaded shanks generate the ni cr ochanhel grooves as the holder block is
swept across the pad surface. ' _
- 6- BRIETDE Sl RN IQINAG ey iloBRi s to provide an apparatus for
planarizing a thin filmby polishing, wherein the polish rate is high,
stabl e, and wafer independent. Anot her goal of the present invention
is to continually and,consistently .chan
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Figure 2 is a cross-sectional view of a polishing pad which has been
preconditioned with macrogrooves. Figure 2'also shows the "smoothing” of the

preformed macrogrooves due to poliéhing.

Figure 3 is a side view of the wafer polishing apparatus of the pre'sent

invention.

Figure 4 is an overhead view of the wafer polishing apparatus of the

present invention.

Figure 5(a) is a cross-sectional view of the diamond block hoider of the

pad conditioning assembly of the present invention.

Figure 5(b) is a bottom view of the diamond block holder of the pad

conditioning assembly of the present invention.

Figure 5(c) is an illustration of the threaded diamond tipped stainless |

steel shank used in the pad conditioning assembly of the present invention.



wear on the pad surface. Still yet another goal -of the present.
invention is to be able to condition predetermned portions of the
pol i shing pad nore than other portions of the pad.
7 BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is an overhead vi ew
of a polishing pad which has been preconditioned with nmacrogrooves.
Figure 2 is a cross-sectional view of a polishing pad which has been
precondi tioned with nmacrogrooves. Figure 2 also shows the "snoothing" of
t he preforned macrogrooves due to pol tshirng. Figure 3 is a side
view of the wafer polishing apparatus of the present invention.

Figure 6 is a cross-sectional view of a polishing pad showing preformed

macrogrooves and the pad conditioning assembly generated microgrooves.



Figure 4 is an overhead view of the wafer polishing apparatus of the
present invention. Figure 5(a) is a cross-sectional view of the
di.amond bl ock hol der of the pad.conditioning assenbly of the present

i nventi on. Figure 5(b) is a bottomview of the dianond bl ock

hol der of the pad conditioning assenbly of the present invention.

Figure 5(c) is an illustration of the threaded dianond tipped stainless
steel shank used in the pad condltlonlgp assenbly of the present invention.
-Figure 6 is a cross-sectional view of pollshlng pad showi ng preforned
macr ogr oove [t oni , d n1crogrooves

An improved polishing apparatus utilized in the polishing of a thin film
formed on a semiconductor substrate is described. In the following description
numerous specific details are set forth, such as specific equipment and.

~ materials, etc. in order to provide a thorough understanding of the invenfion. it
~ will be obvious, however, to one skilled in the ar, that the present invention may
be practiced without these specific details. In other instances, other well knoWn
machines and processing steps have not been described in particular detail in
order to avoid unnecessarily obscuring the present invention.

With reference to Figure 3, the polishing apparatus of the present
invention is illustrated. The polishing apparatus is used to planarize a thin film
layer formed over a semiconductor substrate. The thin film is typically an
interlayer dielectric (ILD) formed between two metal' layers of a semiconductor
device: The thin film, however, need not necessarily be an 'ILD, but can be any
one of a number of thin films used in semiconductor circuit manufacturing such
as, but not limited to: metal layers, organic layers, and even the semiconductor
material itself. In fact, the pad conditioﬁing technique of the present invention
can be generally applied to any polishing process which uses similar
equipment and where polishing pad “smoothing” causes the polish rate to
.decline. For example, the present invention may be useful in the manufacture
of metal biocks, pIasticé, and glass plates.

During planarization, a silicon substrate 25 is placed face down on pad
21 which is fixedly attached to the upper surface of table 20. In this manner, the

thin film to be polished is placed in direct contact with the upperi surface of the



~9- DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON An i nproved

- polishing apparatus utilized in the polishing of a thin filmformed on a
semn conductor substrate is described. In the follow ng description

riumrer ous specific details are set forth, such as specific equi pnent and
materials, etc. in order to provide a thorough understanding of the
invention. It will be obvious, however, to one skilled in the art, that the
present invention nmay be practiced witfpout these specific details. In other
i nstances, other well known machi nes and processing steps have not been
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present invention, an initially nonperforated pad manufactured by Rodel, Inc.
known by the name “IC60C" is employed. it is appreciated that similar pads
having similar characteristics may also be used in accordance with the invented
method. | |

Carrier 23, also know as a “quill”, is used to apply a downward pressure
F1 against the backside- of the substrate 25. The backside of substrate 25 is
held in contact with the bottom of carrier 23 by a vacuum or simply by wet
surface tension. Preferably, an insert pad 27 cushions wafer 25 from carrier 23.
An ordinary retaining ring is employed to prevént wafer 25 from slipping
laterally from beneath carrier 23 during processing. The applied pressure F1 is
typically on the order of 5 Ibs per square inéh and is applied by means of a shaft
22 attached to the back side of carrier 23. This pressure is used to facilitate the
abrasive polishing of the upper surface of the tﬁin film. Shaft 22 may also rotate .
to impart rotational movement to substrate 25. This greatly enhances the
polishing process. | |

Additionally, a pad oonditionin§ assembly 30 is provided for generating
microchannels 50 in pad 21. The microchannels 50 are generated while wafers
are being planarized. The pad conditioner assembly 30 comprises a |
conditioner arm 32 wherein one end of arm 32 is coupled by means of a ball
and soéket joint 34 to a diamond holder block 36. The ball and socket joint 34
helps to ensure that the bottom surface 37 of holder block 36 is uniformly in

contact with pad 21 when undulations in pad 21 are present. In the preferred



device: The thin film however, need not necessarily be an ILD, but can be
any one of a nunber of thin filns used in sem conductor circuit

manuf acturing such as, but not limted to: netal |ayers, organic |ayers,
and even the seniconductor material itself. In fact, the pad conditioning
techni que of the present invention can be generally applied to any
pol i shing process which uses simlar equi pnrent and where polishing pad
"snoot hi ng" causes the polish rate to ? cline. For exanple, the present

i nvention may be useful in the manufacture of netal blocks, plastics, and

ol | at . . . . i . | q
gl 853 P12t Sgmbodimaot PH'ckoRl HORIArIA0 %6 s g BRESGHPSRIAS Zhel S, ) o0t
20. In thi soianigef tippdtPshdika 38 bifite8dBa iMtd' the ifttont sBHAES 47 & 1HIE&DIock

contact with the upper surface of the
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relatively hard polyurethane, or simlar material, capable of transporting
abrasi ve pathiei bottom plaret 82 of thecholder.sThe weeight 6f tﬁb%bnd!tibniﬁy?a%ﬁrﬁslptéw

preferred enbodi nent of the present invention, an initially nonper or at ed
pad manuf acpievidesty deatwiard force F2 of approximately 16 ounces. Such a force is
adequate to embed the diamond tips 44 of the stainless steel shanks 38 into
pad 21. The bottom surface 37 of the diamond holder block 36 acts as a
mechanical stop to ensure that the diamond tips 44 are embedded into 21 pad
at the preferred depth of 40 microns. .
Figure 4 is an overhead view of the polishing apparatus of the present
invention. In the preferred embodiment of the present invention the polishing
pad 21 is initially conditioned prior to polishing by impregnating the surface with
a plurality of circumferential macrogrooves 47. It is to be appreciated that
macrogrooves other than cichmferentiél macrogrooves can be utilized. The
: _- one-time provided macrogrooves are formed be means of a milling machine,
lathe, or press, or similar method. There are betweeh 2-32 macrogrooves per
radial inch. The macrogrooves are dimensioned so as to facilitate the polishing
processing by creating point contact at the pad/substfate interface. The grooves
also increase the available pad area and allow more slurry to be applied to the
substrate per unit area. Although the preferred embodiment of the present
invention preconditions pad 21 with macrogrooves prior to polishing, one need
not necessarily precondition pad 21. That is, a smooth pad 21 can be utilized in
the present invention because the pad conditioning apparatus 30 of the present -
invention adeqdaiely conditions the pad surface during the planarization

process.



known by the nanme "1C60" is enployed. It is appreciated that simlar pads
having simlar characteristics my al so be used in accordance wth the

i nvented nethod. Carrier 23, also knowas a "quill", is used to
apply a downward pressure F1 agai nst the backside of the substrate 25. The
backsi de of substrate 25 is held in contact with the bottom of carrier 23
by a vacuumor sinply by wet surface tension. Preferably, an insert pad 27
cushions wafer 25 fromcarrier 23. An gfdinary retaining ring is enpl oyed
to prevent wafer 25 fromslipping laterally from beneath carrier 23 during

ing. Th | i ' : \ D4 : . b
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pr ocess. Addi tion a pad conditioning assenbly 307i's provi ded

for gener at émpodimento tatie20l alsS otatespatdagbroxifittelyl 18 grheimtHesafear e
generated while wafers are being planarized. The pad conditioner assenbly

30 conpri sedirectiomreiativertorthamoaimentafdhe substrated Agaiaytiie3Btatoncsftabled by
means of a pall and socket joint 34 to a dianond hol der block 36. The bal
and socket £@ihachiaved bywellbkaew mechanieal meansst Asiaklarathand sarisr 28arker
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pumped through pipe 28 onto the upper surface of pad 21. Currently, a slurry |
“known as SC3010, which is manufactured by Cabot Inc. is utilized. In the
polishing process the slurry particies become embedded in the upper surface of
pad 21. The relative rotational movements of carrier 23 and table 20 then
facilitates the polishing bf the thin film. Abrasive polishing continues in this
manner until a highly planar upper surface is produced and the desired
thickness reached.

Figure 5a is a cross sectional view of diamond holder block 36 of the pad
conditioner apparatus 30. The diamond block holder 36 is made of stainless
steel. The block holder 36 has a 'substantiany planar bottom surface 37. The |
bottom surface 37 has two silicon carb_ide wear plates 39 recessed within
holder 36 and flush with bottom surface 37. The silicon carbide wear plates 39
prevent diamond holder block 36 from becoming worn out during continuous
polishing. Embedded within holder 36 are a plurality of stainless steel threaded
shanks 38. The tops of the threaded shanks 38 are accessible at_top surface 42
of the holder 36. In this way the length at which diamond tips 44 of the threaded

shanks 38 protrude from surface 37 can be easily controlled. In the preferred



ehbodi ment the di anond hol der bl ock 36 has five threaded stainless steel

di anond ti pped shanks 38 enbedded into the bottom surface 37 of hol der

bl ock 36. The dianond tips 44 of shanks 38 protrude a distance of 40

m crons fromthe bottom plane 37 of the holder. The wei ght of the

condi tioning assenbly 30 provides a downward force F2 of approximately 16
ounces. Such a force is adequate to enbed the dianond tips 44 of the
stainl ess steel shanks 38 into pad 21;43The bottom surface 37 of the di anond
hol der bl ock 36 acts as a nechanical stop to ensure that the dianond tips
44 are enbeedmbddiment cfthe piesenttineentios therdidmoedttipso44 potmide absut 40
Figure 4 is an overhead view of the polishing apparatus of the present

i nvention. microhe fromeserfaeel3énbodi nent of the present invention the
polishing pad 21 is initially conditioned prior to polishing by

i mpr egnat i ng t heFigure 55ds @i view of the botom; surtacedd et thechaider 36. *ﬂ@r ogr ooves
47. 1t is to be a Eéeciated t hat nmacrogrooves other than circunferenti al
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approximately 0.15 inches. The fifth shank 38e is placed on the center axis 40

about an inch from shank 38d. Although the exact number and placing of the

shanks need not be as shown, and in fact can be quite arbitrary, the present

number and placing works well in providing adequate spacing and

arrangement of microchannels 50 in pad 21. The microchannels 50 provided

by such arrangement and number provide adequate roughing of pad 21 in

order to continuaily channel slurry beneath the wafer without providing undue

wear on pad 21. ‘

Figure 5c¢ is a detail of the diamond tipped stainless steel threaded shank

38 used in the present invention. The shank 38 in the preferred _embodimeht is

approximately 0.4 inches long and has a diameter of about 1/8 inch. The shank

is made of stainless steel. The shank 40 has a cone shaped base 42 of about

0.05 inches. A grade A or AA diamond tip 44 without cracks or major flaws is

welded onto base 42 of shank 38. The point of diamond tip 44 is groundto a

90° angle. The shank 38 is threaded so that the length at which shank 38

protrudes from holder 36 may be variably controlled and so fhat shank 38 can

be securely fastened within holder 36. The diamond tipped threaded shank 38



substrate per unit area. Al though the preferred enbodi ment of the present

i nvention preconditions pad 21 with macrogrooves prior to polishing, one
need not necessarily precondition pad 21. That is, a snooth pad 21 can be
utilized in the present invention because the pad conditioning apparatus 30
of the present invention adequately conditions the pad surface during the
pl anari zation process. “ - 12 -
During polishing operations, carrier-23 typically rotates at approxi mately
40 rps in a circular notion relative to table 20. This rotational notion
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currently preferred enbodi nent, ta SO rotates at approx
rpms in theksowieshniggés.on rel ative to the novement of the substrate.
Again, the rotation of table 20 is achi eved by well-know nechani cal neans.

As table 20 and Referfing badk & figuret 4tindrder 1 polish waraesi af@théiedy dhsmguent |y
referred to as "slurry") is dispensed or punped through pipe 28 onto the

upper sur f athe thin filatilayer, tabler2hang pad 21 rotate ikrelockwiss@ifsction adH68s | S
manuf actured by Cabot Inc. is utilized. In the polishing process the slurry

particles bQuilid3. oo waders are palisheg e conditiatiegatsseanbly 80 dsuillates sbithat

rotational novenents of carrier 23 and table 20 then facilitates the

pol i shi ng ofiamand helder blogk 3fsweeneback radiferh esrassritespreniausiysprovided

. macrog.rooves 47 with a fixed downward pressure. The diamond tips 44 of the

shanks 38 located in holder 36 generate microchannel grooves 50 into pad 21
and thereby condition pad 21 for maximum slurry transport. In the preferred
embodiment the microgrooves 50 are radial in direction and extend the entire
distance across the macrochannelled grooved path area 42. The diamond
holder block makes approximately 3.5 cycles (sweeps back and forth) per
revolution of pad 21. The rate is chosén to adequately condition pad 21 for
optimal slurry trarisport but yet not to overly degrade pad 21. Additionally, a
fractional number of cycles is chosen so that diamond holder block 36 does not
continually condition the same area of pad 21 time after titﬁe. in this way, over .
time the entire grooved path area 42 is uniformly conditioned with
microchannels.

The holder 36 is swept across pad 21 by means of an oscillating motor
coupled to conditioner arm 32 at pivot point 52. The motor in the preferred
embodiment is a variable-speed oscillating motor. A variable-speed motor
allows holder 36 to move across different radii of pad 21 at different rates. This
allows holder 36 to spend more time at certain radii of pad 21 than at other radii,
thereby conditioning specific radii of pad 21 more than other radii. This is useful

when pad 21 wears at specific radii more than at other radii. In this way pad



manner until a highly planar upper surface is produced and the desired

t hi ckness reached. Figure 5a is a cross sectional view of dianond
hal der bl ock 36 of the pad conditioner apparatus 30. The di anond bl ock
hol der 36 is made of stainless steel. The bl ock hol der 36 has a
substantially planar bottom surface 37. The bottom surface 37 has two
silicon carbide wear plates 39 recessed within holder 36 and flush with
bottom surface 37. The silicon carbide wear plates 39 prevent dianond
hol der bl ock 36 from beconi ng worn out ¥uring continuous poli shing.
Enbedded within holder 36 are a plurality of stainless steel threaded

32 of the noToRRRr dsseBl 30 SMIRAURER e URAEII MU Aesb Y ' TR
threaded shakwhish Bicdinie Worh oMrPur MEAthad qitkdtthaPsteY sR0AN 60bddd:. | 1

the preferred odinent of

the present Thereariable spbeddhotwpalsd alsws!fad contitidherBesEMBY 3@&6’?98@& om
surface 37. Figure 5b is a view of the bottom surface 37 of the

hol der 36. Rynshrtinouslyowith diftetenthtabiel20l rotatioh satese shown arranged in the

preferred pattern. _ .

Figure 6 is a cross-sectional view of pad 21. The one time provided
preformed macrogrooves 47 are sho{nn having a triangular shape and a depth
of approximately 300 microns. | itis to' be appreciated that although the
macrogrooves 47 characteristically have a triangular cross-sectional shape,
other shapes such as U's and sawtoothed can be used as well. The

| microgrooves 50 generated.by the diamond tips 44 of shanks 38 during wafer
planarization are shown having a triangular shape with a depth of about 40
microns and a spacing of approximately 0.15 inches. Although the
microgrooves 50 are generated radially in the preferred embodiment, it is to be
appreciated that other directioné may also be used. The radial direction of
microgrooves 50 is preferred becauss it aids in the delivery of slurry fnto the
preformed macrogrooves 47. What is most ifnportaht, however, is to continually
form microgrooves 50 which adequately and continually condition pad 21
during wafer pianarization so that slurry can be readily and continually supplied
between the wafer being planarized and pad 21.

The pad conditioner assembly 30 continually conditions pad 21 with
microgrooves 50 as wafers are being planarized. The continual generation of
microgrooves 50 increases and stabilizes the wafer polishing rate. In the
present invention a dielectric layer of a wafer is removed at a réte of
approximately 2,500 A per minute. It is to be appreciated that this is a fast rate

allowing for good wafer throughput. More importéntly, with the apparatus of the



Four of the five shanks 38a, 38b, 38c, and 38d are arranged in a

paral | el ogram configuration around a center axis 40 of bottom surface 37.
The shanks 38a, 38b, 38c, and 38d are separated from one another by a

di stance of approximately 0.15 inches. The fifth shank 38e is placed on the
center axis 40 about an inch from shank 38d. Although the exact nunber and
pl aci ng of the shanks need not be as shown, and in fact can be quite
arbitrary, the present nunber and placing works well in providing adequate
spaci ng and arrangenent of nmi crochanmel® =50 in pad 21. The m crochannels 50

FLZXL dor ¢ PRSRE: AUBRIGH EacniBh tafk FerjainS aia Trofa fgfm% %zﬁf%gh@mcg)&n%ggnél
stai nl 2’? SrhsPCinbanton "Eﬁ&d@"’?%ﬁﬁ@i%@ﬁ%ﬂ?@ eafir wﬁw‘iﬁ%ﬂgﬁgﬁ hank
i ameter ot P ErATREll St b thicRichalind drddied . o BemtHig 0% 2
40 has a cogfd s5ASENPASH 6??5!\%)[{ f’i;agﬁvé?egﬁegﬁ&mﬁwe ﬁa@ér‘%’%g& c??ég{)?ne@' amond

tip 44 wthout cracks or mgjor I's wel ded onto base K. 38.

The point oandlpad@d Inithehriier efiodd thePoRe BRlecGéderatsd MacFbroslasiy738 is
threaded so that the length at which shank 38 protrudes from hol der 36 may

Ee vari abl ybesorhe téthedthaiot “glazedabvertime, r@%umg ihe decraash )in isihyedsitveny t hi n

ol der  36. The dianond tipped threaded shank 3
over time which causes a slow and unstable polishing rate. Additionally, in the
present _inventipn the polish raté is not dependant upon the type of wafers being
polished. That is, wafers with rough surfaces (i.e. with bumpy surfaces or with
laser scribe marks) have substantially thé same polish rates as do smooth
wafers. This is because in the present invention all wafers receive substantially
the same amount_'of slurry delivery due to the continual conditioning of pad 21
by the pad conditioning assembly 30. The polishing rate' of thé polis_hing
épparatus of the present invention is essentially wafer independent, making the
polishfng apparatus of the present invention much more reliable and

manufacturable than previous designs.

Thus, an apparatus and method for planarizing a thin film of a
semiconductor device has been described. The apparatus continually
generates microgrooves into a polishing pad surface while wafers are polished. .
The generated microgrooves provide a consi_stent supply of slurry between
wafers and the polishing pad, resutting in a high, stable, and wafer independent

polish rate.



- 14 - of the present invention is nanufactured by makers of dianond tools

with well know techni ques. Referring back to figure 4, in order to
polish wafers and thereby snooth the thin filmlayer, table 20 and pad 21
rotate in a clockw se direction as does quill 23. -As—wafers—are potished

the conditioning assenbly 30 oscillates so that dia g I . 36
sweeps back and forth across the previously provi deﬂmgﬂﬂﬁmmlmn "with a
fi xed downward pressure. The dianond tips 44 of the S 3a | ecated in
hol der 36 generate m crochannel grooves 50 into pad 21 and thereby
condition pad 21 for maximum slurry transport. In the preferred enbodi nent
the mcrogrooves 50 are radial in direciyan and extend the entire distance
across the macrochannel | ed grooved path area 42. The di anond hol der bl ock
makes approxinmately 3.5 cycles (sweepgalmasck and forth) per revol ution of
pad 21. The rate is chosen to adequatery condition pad 21 for optinal
slurry transport but yet not to overly degrade pad 21. Additionally, a
fractional nunber of cycles is chosen so that dianond hol der bl ock 36 does
not continual |y cbndi tAmappaeatasfier polishing a thia film formed antasemicanductort hi s
way, over tinme the entire grooved path area 42 is uniformy conditioned
~with microclfubstate, said apparatus 6OAIANSHW i s swept across pad 21 by means of
an oscillating notor cPu‘o@b d to conditioner arm 32 at pivot point 52. The
motor in the preff@tatahled iment is a variabl e-speed oscillating motor. A

vari abl e- speed not or alfl o] t__10I der t3€I to nove across different radii of pad
21 at different rfEBES GO -@ﬂ%%!g B%Pder 36 to spend nore tinme at certain

e O 03021 el i i, AR L BB S BREE TS |
radii more thap S‘éeﬁ’%}ﬁfecf Q%lﬁmli&bﬁ&e%rﬂ% ¢t8dves, said preformed grooves

facilitating the polishing process by creating a corresponding plurality of point

contacts at the pad/substrate interface;

means for depositing an abrasive slurry on said upper surféce of said
pad; | | |
" means for forcibly pressing said substrate against said pad such that
rotational movement of said table relative to said substrate tcgether with said
slurry results in planarization of said thin film; and |

means for providing a plurality of microchannel grooves into said upper
surface of said pad while polishing said substrate wherein said microchannel
grooves aid in facilitating said polishing process by channeling said slurry

between said substrate and said pad.

2. The apparatus of claim 1 wherein said plurality of preformed

grooves are substantially circumferential grooves.



-"15 - ‘conditioner assenbly 30 can spend nore tine conditioning those
areas of pad 21 which becone worn down or snooth | r that other areas
of pad 21. The variable speed notor also allows pad conditioner assenbly 30

to operate synchronously with different table 20 rw‘m“mm"mw
Figure 6 is a cross-sectional view of pad 21. The 'gAéR ﬁ””md
pref ormed macrogrooves 47 are shown having a triangul ar Shabe sand a depth

of approximately 300 nmicrons. It is to be appreciated that although the
macr ogrooves 47 characteristically havel®& - tri angul ar cross-sectional

shape, other shapes sych as U s and sawt oot hed can Qe ed,as well. The
m cr ogr ooves 50 nerﬁ"@oaﬁﬁﬁr?ﬁ@ |%lﬂ‘ﬂ$1,ﬁ W'P?f?"hﬂa@fagﬁi'&gf %CWGL?HEP'V\/afer
pl anari zatiqn_are 0 hav.i a tri ular shape with a depth of about 40
m crons and95°%v§§c$%g¥%a%wﬁ]gﬂ%l&?€&fsl5 i nches. Al though the

m crogrooves 50 are generated radially in the preferred enbodinent, it is
to be appreciated that other directions may al so be used. The radi al

to be appr eci at . e used. - ’
rection of M Clo0r 0MEs kIS { WiGER S urlifpof rdiiindlf! | very

of slurry into t he pr macrogrooves 4 _ nportant,
however, is gtr@owéﬁerwédmfef{mal Hr66 Ry, @pdashSreinBhiNplacamy of 8hiq and

continually condition pad 2
' microchannel grooves are radial grooves.

S. The apparatus of claim 4 wherein there are approximately 2-32 of

said preformed grooves per radial inch in said surface of said pad.

6. The apparatus of claim 4 wherein said plurality of microchannel

grooves are approximately 40 microns deep.

7. The apparatus of claim 4 Wherein said microchannel providing
means comprises:

a diamond holder block having a piurality of threaded diamond-tipped
shanks embedded into a substantially planer bottom surface of said block such
that said diamond tips protrude from said surface of said block;

a conditioner arm having one end coupled to said block and the other
end coupled to means for pivoting said conditioner arm about a pivot point such
that said diamond holder block sweeps in a radial direétion across a

predetermined portion of said pad.



during wafer planarization so' that slurry can be readily and continually
suppl i ed between the wafer being planarized and pad 21. The pad
conditioner assenbly 30 continually conditions pad 21 with m crogrooves 50
as wafers are being planarized. The conti nual genﬁlﬂ“lm“uuu“mr ooves 50
I ncreases and stabilizes the wafer polishing rate R I nvention
a dielectric layer of a wafer is renoved at a rate*ofcapbrdkiﬁatély 2,500 A
per minute. It is to be appreciated that this is a fast rate allow ng for
good wafer throughput. More inportantIX with the apparatus of the

- 16 - present invention the polish ratt® Temains stable fromwafer to

waf er, making thg pre?ggtaﬂ)ﬁ)’eﬂﬂé loP &jali Wrﬁnﬁ??‘ﬁ&f?%?h@{#mﬁg” | er

t echni ques. Because pac I's continually con one nne
grooves 50, mpaps¥wWeaupal across saiapratierirmingd\pomtion|di'said pad &k la neds g¢l bet ween
the wafer being planarized and pad 21. In the earlier method, the one tine
gener at ed napprogimatedsseverbtimespet sevalttion of sgidagad]” over tinme, resulting
in a decrease in slurry delivery over tinme which causes a sl ow and unstabl e
polishing rate. Additionally, in the present invention the polish rate is
not dependant upon the type of wafers being polished. That is, wafers with
rough surfaces (9. e. Whelappargys of claimet whereintsaid conditioner arm is coupled

to said diamond holder block by a ball and socket joint.

10. The apparatus of claim 7 wherein said means for pivoting said

conditioner arm is a variable speed oscillating motor.

11.  In a semiconductor substrate polishing apparatus of the type
which includes a rotatable table covered with a pad onto which is deposited an
abrasive slurry, a means for rotating said table and a means for pressing said
substrate against the surface of said pad such that the rotational movement of
said table relative to said substrate in the presence of said slurry results in =
'p!anarization of a thin film formed on said semiconductor substrate, an
improvement for increasing and stabilizing the poliéhing rate which com'prises:

means for generating a plurality of grooves in said pad while polishing
said substrate wherein said grooves aid in facilitating said polishing process by

channeling slurry between said substrate and said pad.

12.  The improvement of claim 11 wherein a plurality of substantially

circumferential grooves are formed in said pad prior to polishing.



| aser scribe marks) have substantially the sane polish rates as do snooth
wafers. This is because in the present invention all wafers receive

substantially the same amount of slurry delivery due to-the—continual

condi tioning of pad 21 by the pad conditioning assenbl | shi ng
rate of the polishing apparatus of the present invsnﬁl i‘ﬂgn‘ggﬁ‘m‘“ﬂ |y
waf er i ndependent, neking thé polishing apparatus dt sent imnvention
much nore reliable and manufacturabl e than previ ous designs.

‘Thus, an apparatus and nethod for planarizing a thin filmof a

sem conduct or device has been described, The apparatus continually
generates mcrogrooves into a polishiﬁgﬂbéd surface while wafers are

pol i shed. The genegrat ni_crogrooves, provide consi stent s ly of slurry |
bet ween waf ers artft hgqﬁdm@'ﬂg?f&eﬂgﬁf, 8’?8'@J%t‘f’ﬁ@@%sﬁ'drﬁngﬁf‘sg‘g‘gﬂ{%,‘ Bgha
wafer i ndepedaify Hyrodled dufing polishing produces grooves which are substantially

radial in direction.

14.  The improvement of claim 13 wherein said preformed subétantially
circumferential grooves are approximately 6-10 times deeper than Said radial

grooves formed by said groove generating means.

15. The improvement of claim 13 wherein said radial grooves and

said circumferential grooves have triangular cross-sectional shapes.

16. An apparatus for polishing a surface of a material, said apparatus
comprising:

rotatable tabie;

means for rotating said table;

a pad covering said table, said pad having an upper surface fnto which
have been formed a blurality of preformed grooves, said preformed grooves
facilitating the polishing process by creating a corresponding plurality of point
contacts at the pad/material interfaée; |

meahs for depositing an abrasive slurry on said upper surfacs of said
pad; .

means for forcibly pressing said material against said pad such that
rotational movement of said' table relative to said material together with said

slurry resuits in planarization of said material; and



- 17 - CLAIMS % ..An_appar at us

for polishing a thin filmformed on a semi conduct ot sai d :
uﬂtym sai d
S ace

appar at us conpri si ng: rot at abl e-t abl e; L]mj

tabl e; a pad covering said table, said pad having "
i nto which have been fornmed a plurality of preforned grooves, said
preformed grooves facilitating the polishing process by creating a

corresponding plurality of point contacts at the pad/ substrate interface;
nmeans .for depositing an abrasive slurry=-od said upper surface of said pad;
“means for forcibly pressing said substrate agai nst said pad such that
rotational novenemeans foxipiovidingea phirality\of micrachanneligeraavesdntosaidiupperi t h
said slurry results in_ planarization of said thin film and nmeans

for providi n§uHage &f said pad whilecpejishingsaidgnateried whereinssaid migpechannel ace
ar ooves ard BroRiRs feBaRfaliba sl PoUSHING RIPeRSE-EY hatneling FARFIGEY
clai m 1 wher SOeaS pBRL AN SBREbST F Py * The apparatus of
17. An apparatﬁs for polishing a thin film formed on a
semiconductor substrate, substantially as hereinbefore described with .

reference to the accompanying drawings.



- grooves are substantially circunferenti aI grooves

- 18 - 3. The apparatus of: cl ai m 1 wherein said plurality of
m.crochannel grooves are substantially radial grooves. 4. The
apparatus. of claim1l wherein said plurality of prefornmed grooves are
circunferential grooves, and wherein said plurality of said m crochannel

grooves are radial grooves. 5. Thé& apparatus of claim4 wherein
there are approximately 2-32 of said preforned grooves per radial inch in
sai d surfacremt._ : The apparatus of claim4 wherein -

said plurality noel oves are approximately 40 m crons deep.
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7.  The apparatus of claim4 wherein said mcrochannel providi ng nmeans

conpri ses:

a di anond hol der bl ock having a plurality of threaded

di.anond-ti pped shanks enbedded into a substantially planer bottom surface
of said block such that said dianond tips protrude from said surface of

sai d bl ock

a condi tioner arm having one end coupled to said bl ock

and the other end coupled to neans for pivoting said conditioner arm about

a pivot poi

nt such that said dianond hol der bl ock sweeps in a radi al

direction across a predeterm ned portion of said pad.

- 19 -

8. The apparatus of claim7 wherein said mcrochannel

provi di ng neans sweeps across said predeterm ned portion of said pad at a
rate of approxinmately seven tinmes per revolution of said pad. 9.
The apparatus of claim7 wherein said congitioner armis coupl ed
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to said dianond hol der bl ock by a ball and socket joint. : 10. The
apparatus of claim7 wherein said neans for pivoting said conditioner arm
is a variable speed oscillating notor. 11. In a sem conductor
substrate polishing apparatus of the type which includes a rotatable table
covered with a pad onto which is deposited an abrasive slurry, a neans for
rotating said table and a neans for pressing said substrate agai nst the
surface of said pad such that the rotagjonal novement of said table
relative to said substrate in the presence of said-slurry results in

pl anari zation of a thin filmformed on said sem conductor substrate, an

| mprovenen ' i ng and bilizing the polishing rate which
comrises:TIﬁfm—ge ting a plurality of grooves in.said pad
whi | e polishing said substrate wherein said grooves aid in facilitating
sai d polishing process by channeling slurry between said sdifstrate and said

pad. 12.- Thg I mprovenent of claimll wher e/l atrtr—
substantially cir Eenti al grooves are formed i'n $fiid pad prior to
pol i shi ng. /32 | '
il I
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- 720 - 13. The inprovenent of claim 12 wherein said nmeans for
providing a plurality of grooves during polishing produces grooves which
are substantially radial in direction. 14. The i nprovenent of
claim 13 wherein said preformed substantially circunferential grooves are
approximately 6-10 tines deeper than said radial grooves fornmed by said
groove generating neans. 15. The inprovenent of claim 13 wherein
sai d radial grooves and said circunfgeaential grooves have triangul ar
cross-sectional shapes. 16 for polishing a surface

of a material, said apparatus P ' rotat abl e tabl e;
s nsai d table, said pa
a plurality of
it he polishing 'j

prefornmed grooves, sa& d prefgrwed

process by creating & corredgendgi

pad/ material interfage;

sai d upper surface of sai
: m

means for rotati nglﬁgi d table;
havi ng an upper surfgce into
pontacts at th
oy asive slurr
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pad;, -w means for forcibly pressing said material against said pad such
t hat” rotati onal novenent of said table relative to said material together
With said slurry results in planarization of said naterial; and
- 21 - means for providing a plurality of m crochannel grooves into
sai d upper surface of said pad while polishing said material wherein said
-m crochannel grooves aid in facilitating said polishing process by -
channeling said slurry between material and said pad. 17. An
apparatus for polishing a thin filmformed on a sem conduct or substrate,
substantially as hereinbefore described WBSTRAES erence to tpiges@nPpnyi ng
dr awi ngs. ' _

POLISHING PAD CONDITIONING APPARATUS FOR WAFER

PLANARIZATION PROCESS

An improved apparatus for polishing a thin film formed on a
semiconductor. substrate-includes a rotatable table covered wfth a polishi'ng
pad. The table and the pad are then rotated relative to the substrate which is
pressed down against the pad surface during the polishing process. Means is
provided for generating a plurality of grooves in the pad while substrafes are
being polished. The continually formed grooves help to facilitate the polishing

process by channeling slurry between the substrate and the pad.
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