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/2 6 MAY 2004 A VARI ABLE PRESSURE PLATE CMP CARRI ER BACKGROUND OF THE

" I NVENTI ON (1) Technical Field .' This invention relates to a method WRIBCMAY 201
vari es the anount of pressure applied to specific areas of a sem conductor

during polishing and permts nore accurate control of the polishing rate

across the sem conducto f ol chem cal nechani cal

polishing (CMP) to pro ué@H§A§ﬁ$¥%$ﬁ$%ﬁﬁé%V%ﬂie r¢%5533¥2) Descri ption of

the Prior Art Thee followi ng docunents relate to a method for controlling a

polishing rate across a substrate surface when performng CW. U.S. Patent

No. 5,423,716 issued January 5, 1994 to Al an Strasbaugh describes an

apparatus for holding a wafer which includes a soft, resilient nenbrane

that covers a horizontal BABKGRODINDG OF THEEINVEMeTIChRce of the backing

pl ate includes a nunber of recessed areas to which vacuum can be

selectively applied. By applying a pressurized fluid to the recessed areas

during polishing, the nmenbrane will exert a uniform downward pressure on

t he wafer and produce a uniformy polished surface. 1 2 6 MAY 2004 U.S.

Patent No. (3)6gfhn20ripeued May 1, 1995 to Norman Shendon describes a

carrier apparatus for positioning and biasing a substrate against a

polishing pad. The device uses a nenbrane configured to create one or nore

vacuum r egi ons whi ch chuck the substrate to the nmenbrane so that the

carricer may nov&histisveatiisiclaadsto @metivd vifidh YaliBs the AroihY dFPrd@fe applied to

specific areas of a semiconductor during polishing and permits more accurate control of
the polishing rate across the semiconductor surface when performing chemical

mechanical polishing (CMP) to produce a uniform substrate surface,

(2) Description of the Prior Art

The, following documents relate to a method for controlling a polishing rate

‘across a substrate surface when performing CMP..

U.S. Patent No. 5,423,716 issued January 5, 1994 to Alan Strasbaugh describes an

b

apparatus for holding a wafer which includes a soft, resilient membrane that covers a
horizontal backing plate. The lower face of the backing plate includes a number of
Tecessed areas to which vacuum can be selectively applied. By applying a pressurized
fluid to the recessed areas during polishing, the membrane will exert a uniform

downward pressure on the wafer and produce a uniformly polished surface.




U.S.. Patent No. 5,800,248 issued April 26, 1996 to Anil K. Pant et al
describes a support housing which underlies a polishing pad and incl @éeRAR
plurality of openings for dispensing a pressurized fluid. The manufacture

of an integrated circuit device requires the formation of various |ayers

bot h conductiv nQn- c ive) above a substrate to formthe
geces.sar y corrpﬁ%grnng@e’gﬁ\@' g’ﬁg‘{gi@dﬁﬂééi\@y IDl%5 kg Noreamhendancdeseribega pr ocess,
ond For m ¢ her AhperB tok 8084 ling BRI AR ieagt o5 Acnh eeddtRan; ol |
pol i shing (dNR: ubss atﬂ@nmﬁMﬁgﬁne(?:Mrgﬁeé rormo?@%chalﬁtr%é&sg{hé%e%%élg afﬁeOf a

sem conductor wafer, such as a silicon wafer, at vario

integrated the subsirdte by the eRgibithe s&Rt ihe calriePmbpREvd Me bhiRAE B IR bFRle
surfaces, netrology sanples and in various nmetal and sem conductor based

subst r at es.polifing pada t echni que in which a chenical slurry is used in
conjunction with a nechanical polishing pad to polish away materials on a
sem conductor wafer. The nmechanical novenent of the pad relative to the

waf er (and in conj tion Wwith the slurry) provides the abrasive force to
pol i sh the expogjg%%%‘fgees’ 4§ dsstipet april Zi%nl do Apd K. Pantiebal desuribend CVP, a
substrate i (H=To . % hi ng. head i.ch rotates agajinst. a_polishing

s }ﬂ)t% . ; :
pad pl aced gp a ro%ia% ?}ﬁa}ﬂtugg rlelés %"E‘S%%H néé'FChf‘%F 38?‘%}17{9 epingh{or he
rotating taBpensgpegsieandzciiRigownward pressure on the head. The chemni cal
slurry is 2 2 6 MAY 2004 constantly transferred under the polishing head.
Rotation of the polishing head helps in the slurry delivery as well as in
averaging the polishing rates across the substrate surface. A constant
probl em.of. -CMP-i-s that the pol.ishing rate. varies fromthe periphery to the
center of the fer f vari.ous reasons. Pad bounce is one reason.
Variations in thae manutacture of an integrated circuit device requires the formation of various

layers (both conductive and non-conductive) above a substrate to form the necessary

components and interconnects. During the manufacturing process, certain layers or

portions of layers must be removed in order to pattern and form the various components

and interconnects. Chemical mechanical polishing (CMP) is the method of choice for

planarization of a surface of 2 semiconductor wafer, such as a silicon wafer, at various

stages of the integrated circuit processing. CMP is also used to flatten optical surfaces,

metrology samples and in various metal and semiconductor based substrates.

CMP is a technique in which a chemical shurry is used in conjunction with a
mechanical polishing pad to polish away materials on a semiconductor wafer. The
mechanical movement of the pad relative to the wafer (and in conjunction with the
slurry) provides the abrasive force to polish the exposed surface of the wafer. In the most
common form of CMP, a substrate is mounted on a polishing head which rotates against
a polishing pad placed on a rotating table. The mechanical force derives from the

rotating table speed and the downward pressure on the head. The chemical slurry is




vel ocity encountered in the rotational novenent is another. Sonme anmount of
averaging is achieved by rotating the wafer but variations still res?ﬁ.tM iYn
non-uni form polishing across the wafer surface. It is an inportant goal Ai 2004
the CMP processing to try to mnimze this inequality in polishing rates.
One approac hild I Jisher as,opposed . to . a rotatjing qgne. A
movi ng  bel %b%hya? ny?nlgggg&? F]hg%gls@?@%@s@ﬁ 0@\&&@? palishipg %athﬂ@ Wafer is
still rotatmdshutty deRsy A4l variatjons, .but. the global
planarity is i rrp&?(()jved O%@%%H%vgg@g tﬁé?ﬁg‘f‘“ﬁ%ﬁ%ﬁ ar%osf)g'&m@%wgﬁ“ﬁ: THE
| NVENTI ON' Quicomstdrit yroblen SRV @ thitYRESoIBRNE rtO Vs kﬁmttﬁ@?%@ﬁgg?gﬂ@ | ow
vacuum pressure to hold the wafer in place or to pus er down usi ng
ni trogen orceatsnpf s svatkr doryarious reasonsn dPad Gdhce TenepeRhl. evarhasndgen: t hat al |
t he hol es receive the sane anmount of vacuumor air pressure applied since
there i s oni%PcEhéEnugigredinthesefatiansl mpvemgmpisanofiine Svemulrtountsof avwbrhging new
carrier filmand ggd tthat thef fer tends to polish faster at the center

B A PY g theya H\éﬁﬁ Yeations gjbresult is@pi-gaiform nolisking t he edge

and nore s
will polis I, .er nmore slo 2 8 MAY 2004 This
i nvention %gi(%g%h%&&;q%}g%ﬁhllt %&gglﬁg?ﬂaé%ﬁ?ibrf %NF@{%I”SB‘?SF‘EWW W0ARIBIMES 0SS A
substrat e shisfi@gaalithinQicliSking Ate@bt @i n a uni form pol i shing of the substrate
surface This invention provides a nmethod for varying the pressure/vacuum
to accommodate for changes in the surface of the carrier filmover tine.
The device perm ts the increase or decrease of pressure applied onto the
waf er on any of OREPPPEsc usifessiaflingarqolister ancpressity esotatieashepansving at i on

t hi oughout tlh? |ife of thhe onsumabl.e (carrier film polishing pad); it
L - belt linearly moves the pad across the wafer surface. The wafer is still rotated for -
averaging out the local variations, but the global planarity is improved over CMP tools

using rotating pad.
SUMMARY OF THE INVENTION

Currently all carrier types have holes in the base to allow vacuum pressure to hold

the wafer in place or to push the wafer down using nitrogen or compressed dry air during

St

CMP. The problem has been that all the holes receive the same amount of vacuum or air
pressure applied since there is only one regulated source of supply. The result is, with
new carrier film and pad, that the wafer tends to polish faster at the center and more

slowly at the outer perimeter. Over a period of time, the edge will polish faster and the

center more slowly.




can al so prolong the useful life of the consumable. By having the ability

to better tontrol the ampunt of pressure/vacuum applied to certain ?@%Y 2004
of the wafer, the invention can fine-tune the polishing procedure an

produce a nore uniformwafer. The present invention describes a technique

f trol li . i Shi t bstrate. f duri
EIETIRNETE e e e e e
sites of anyubaamd WefMESEn Rdbr t&oﬁﬁﬁﬁ%ﬁfo&??@&ﬂ@ggﬂﬁgge ot seiedhid Y Of

openi ngs through a shaft for individuali gas pressures. These

openi ngs arievension anyelds & Methot deonfligiihe PreBatd fkfurh Go kE@nssaid Bt € surface
or wafer to be polished. The openings are configured into a nunber of
groupi ngs sBargeain the sufise af the chmientim over lime. Tooddvial featitpthe Sistdage o5 used
for each g;ﬁu%i ng.. It is in this manner that the gas pressure for each
groupi ng caIFCI5RsCE PESHIe RPLSH antp terowsefatimany pf swhipleipeeific ahgandmiswieslual | zed
regul ated p res be within.the pressure range of between 1.5 x103 nm
Hg to 10-3 é’oﬁéﬁ lezag?‘ilﬁhmug%%lﬁgg”{a PgTheﬁﬁlésuﬁ’Plélgé‘ﬁ‘Féﬂé-@mv%ﬂhsblﬁg Padditspeci fic
sites on the, Rl sfolde e 4 ACAH.j ressure adjustments and ensures that
t he pad-subsltlr at oc(g%t acts'éilcuémrarea@rtlft'%@%% ag)?e‘ the desired | evel s thereby

ensuring a uniformrate of polish along the entire surface of the surface
bei ng polished. . 4 2 6 MAY 2004 DESCRI PTION OF THE DRAWNGS FIG 1 is a

schemati ¢ si de Bydaviof the abIUB miipataiotsolateAnGlindgr frosstiefaliunPipiielito FI G 2
is a cut-away view of a conventional CVMP carrier of the prior art. FIG 3
is an il uSEHair asas offthewplsr thednvention sarsfust funntho polishperpseedoieved vi ew, of t he

i nyention, showi ng the.packaging of a nmultiple gas pressure supply.
y pro}}ﬁcea%ore uniform wafer, 9 , .p“ g ‘p ) ‘ppn y

The present invention describes a technique for controlling the polishing rate

across a substrate surface during polishing by applying different pressures to a plurality
- of designated sites of any configuration. A support housing includes a plurality of

openings through a s;haft for individualized regulated gas pressures. These openings are
arranged in a reconfigured pattern to the substrate surface or wafer to be polished. The
openings are configured into a number of groupings so that a separate channel with a
controlled pressure is used for each grouping. It is in this manner that the gas pressure
for each grouping can be separately and independently controlled. The individualized
regulated pressures may be within the pressure range of between 1.5 x1 03 mm Hgto 103
Hg. The ability to control gas pressure at various and specific sites on the wafer permits
localized pressure adjustments and ensures that the pad-substrate contact is maintained at
the desired levels thereby ensuring a uniform rate of polish afong the entire surface of the

surface being polished.




FIG-4 is a cross-section through the journal and spindl e show ng a tQ
perspective view at the circular pattern of the | ongitudinal conduits!
5 illustrates a bottomview of a multiple plenum CWP carrier of the

i nvention and how t he apparatus can supply different gas pressures to
different areas on the waf ical presentation of a
waf er after polishing. DETAIBFE%gkgi%%%%W gREFERRED EVMBODI MENT The
invention is designed to control the anobunt of pressure applied to the
wafer, affording the ability to increase or decrease the pressure exerted
on a plurality of areas of the wafer. This inventional allows for

i ndi vi dual mappiggg of differential pressures so 5 2 5 MAY 2004 that an area
or group of hol é40:d,e4 tebematis udg wew 6f a CdBanpamtus eceordingto the pudrect ed waf er
area relative to neighboring wafer areas, thereby effecting a mnute
change in a wafer's polishing plane with respect to the plane of the
pol i shing pad, 0N,k i adj u for mnute

undul ati ons for Eeﬁgeii? ta1 Eﬁpé&a?ivg% Irjlgae??l péglngbée[lvqh?)[ﬁg?ry&pojlltpes?{é% Waf er .

Referring nowto FIG. 1 and 2 there is showmn a schematic of a conventi onal
polishing tool according to the prior art, illustrating the arrangenent of
a chemcal  nmechEhidahn jloktrgioh0ga phrtiietioddsestioh@r a bRt abivosr i a top
surface topology of a semconductor wafer. The follow ng tutorial is

rel evant t &nVeRkonppkoyeng the peckaging nf a muhiplegas peeswiré supplr ti cul ari ze the

wor ki ngs of the prior art. A polishing pad 31 of a porous material is
attached to the upper surface of a polishing platen 32. The poli shing

| at is hori l; - t b | at tati shaft 33, and is
“Fotationally o robn 't FeRibReidEiotl B Godbrd PEhaMbuiR TG the pol i shi ng

perspective view at the circular pattern of the longitudinal conduits.

Bemay 2

FIG. 5 illustrates a bottom view of a multiple plenum CMP carrier of the

invention and how the apparatus can supply different gas pressures to different areas on

the wafer

FIG. 6 shows a topological presentation of a wafer after polishing.

o

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The invention is designed to control the amount of pressure applied to the wafer,
affording the ability to increase or decrease the pressure exerted on a plurality of areas of

the wafer. This inventional allows for individual mapping of differential PIESSUIes so

5




operation.-A CVWP carrier 20 having a |l ower surface opposed to the uppe 6 MAY
surface of the polishing pad 31 on the polishing platen 32. A nestin 2004
recess 19 rel easably holds a wafer 10 to be polished. The CVP carrier is
rotated by a spindle 24 driven fromabove by a driver notor. A nozzle 26
di-spenses afhaEdia3& of lJr s B I | vicinity of the CW

carrier 20. A poli shﬁﬁﬁpadmﬁgg}‘s@ﬁ&%}%’%é Ie%ﬁ}é}gsswseé)g atSSPéthé&ﬁEquafeBn t he

pol i shi ng _ mhdveroaiehboingg W7irda  HerdR Rl DinAfhe:hfgB o ) 3Akpg pad. FI G
f a CwW r 0

2 illustrates a cut-away schematic view o carri the prior

art  showi rplishiog plese wéb rdspert teathe plaat ofbe péitshingphd, Ghcel HdbRling RO Msity
perspective best illustrates its nechanical and functional

char act er i SPpdigst fonainte undulatioesfommdedtespolistiop dfic previowst§ polished whies back
side 15 held to the base 21 of the carrier 20 by a vacuum pressure. The 6 2
s MAY 2004 base having a pattern of holes 13 to allow a gas to be either
evacuated or to out . e gas .used.during a positive pressure
application is geh%}grrlg fukd FOO% il loﬁn%a% tﬁ?fﬁﬁrsgg‘é’%a scheamiiel Pl eanvamtionalppl y .
Ceneral |y, doligniNPd8raclr ] i ls:.held in the carrjer. 20 using a
vacuum pr es??uré agai nst d{n%etp?lg%?mg%gg%gg%qgtk‘?\%“%ﬁ?’g?r.‘t#ﬁ&h"crﬁ’lc? er also has
a retaini mgecharical Bolishirigipherrtisett fét PlAMBriN@bE bt S1oBShIERAG5HI to recessing
the wafer and keeping the wafer ceptrlltered on tﬁg carri‘éér().é#ﬁ%%front si de of
the waf er, s¢misordugior wafene Thpfilllosigdutotisl it fbsvam ta@RGrésentipRingeh, W th a soft
material such as a polishing pad 31 that is supported fromunderneath by a
rot at abl e pICatiRs val particalapiaq the modgngsad tiBprivagrthave an  abrading slurry 27
spfayed on it, or abrasive particles affixed to it, or abrasive particles
sprinkled on it The rear side of the wafer 151S held by its carrier 22 by

way of a VaCUuumsRoBRSSIME fad 31 ofa porous material is attached to the upper surface of a
polishing platen 32. The polishing platen is horizontally supported by a platen rotating
shaft 33, and is rotationally driven through the platen rotating shaft during the polishing

operation.

A CMP carrier 20 having a lower surface opposed to the upper surface of the _
polishing pad 31 on the polishing platen 32. A nesting recess 19 releasably holds a wafer
10 to be polished. The CMP carrier is rotated by a spindle 24 driven from above by a

driver motor. A nozzle 26 dispenses an abrasive polishing slurry 27 in the vicinity of the

ookt

CMP carrier 20. A polishing pad dressing wheel 34 is used to recondition the polishing
pad preventing glazing of the sturry on the polishing pad.

FIG. 2 illustrates a cut-away schematic view of a CMP carrier 20 of the prior art
showing a cross-section taken along its vertical center. This perspective best illustrates
its mechanical and functional characteristics. Shown is a fragmented semiconductor

wafer 10, its back side 15 held to the base 21 of the carrier 20 by a vacuum pressure. The

6




Wriile fhe front side of the wafer is placed in contact with a polishing

pad. The holes 13 are arranged in a reconfigured pattern so that QZ?GMN %04
wafer is conveyed and placed on the polishing pad, the wafer carri@r

hol ding and rotating the wafer is forced against the rotating polishing

bag PPy tasshatd (AGIRORE PUIIBGARY J B Bl AN o AL RGP Y. e

vacuum pressure hol ding the wafer can aced W tH gas
pressure, fThemns asedidoghga peditive PresbiRé ShplidatidiSs E\ﬁﬁe??nin%géﬁ MCOWCS?&%' lh shi ng
pad. The present invention describes a technique for~controlFing the

pol i shing rdghwiratedaiosupply. Sicnamtpttee walef @ bd\polis@d ROl BRI thGcdNeraBP! Vi ng
different pressures to a plurality of designated sites pf any

conf i gur at 32 2 XASWHLRIPISUIAERINF dhd reat sidteld of ti wafat. i The cafrier als@hasngs t hr ough
a shaft for_i.ndi ig‘_%ail'.zed reg{gl atteq gas pressures. These openings are

arr anged iﬁet%l‘“wé\cf‘& iﬂh?ge"ﬂo‘ﬁﬁ’t SIAICT & Pebien thereiogecesying thacwlorndaf er to be

| i shed. ; | figured.into a.nupber of groupings so that a
ggp:';at? e c%gflprllne %%;ﬁggeﬁg%@?@ﬁcedl eb?gée %S@;O%Eggﬁ%?tﬁ%ggﬁg’dﬁoupl ng. It
!sZplaPaE e: ;pm%g%?pﬁﬁﬁgm Insaii%dr%??%%%gm ﬁ(gaal?ngﬁ Vi é’uéﬁ'i“igg@ 3 if?"glslVAY 2001,

ul at ed_puppeset femnmyleineaiivby Birstathble pRAGSU M he RG2S B RydyP X103 mm
rHggto 10_3#'1@ . The gtgjiﬂlity t% controlp gas presspgre a varltni{)%,s anzg‘sspemfl c

i n t AEadiag eump 7 Arexsd ohdic et dhzasiveaaictisradfiadjtol ] GFaBiaSive pREcRASUT €S
flh;test(r)\e pad- st?ﬁte contact is maintained at the desired |levels thereby
ensuri ng aSHEW?#aPH\“%ate of polish along the entire surface of the surface
bei ng polished. Referring now to FIGs. 3, 4 and 5 illustrating an apparatus
40 for renovabl y positioning a sem conductor wafer 10 for polishing.- The

o . : i i ' 42
appar at us i ncl uehengardideQf el iger I@qypgél bé\fﬁ %Ar&gr v7) brgrza\kregrrof la%\é\gurums Ilajrfasfs%ﬁee
having a plurality of recesses 43 eac a

while the front side of the wafer is placed in contact with a polishing pad. The holes 13

are arranged in a reconfigured pattern so that after the wafer is conveyed and placed on

the polishing pad, the wafer carrier holding and rotating the wafer is forced against the

rotating polishing pad applying a controlled pressure needed for polishing, Additionally,

the vacuum pressure holding the wafer can be replaced with a positive gas pressure, from

a single source, forcing the wafer against the polishing pad.

The present invention describes a technique for controiling the polishing rate

e

across a substrate surface during polishing by applying different pressures to a plurality
of designated sites of any configuration. A support housing includes a plurality of
openings through a shaft for individualized regulated gas pressures. These openings are
arranged in a reconfigured pattern to the substrate surface or wafer to be polished. The
openings are configured into a number of groupings so that a separate channel with a
controlled pressure-is used for each grouping. It is in this manner that the gas pressure

for each grouping can be separately and independently controlled. The individualized

; .




conduit path 44 radially leading to a smaller circular pattern 45 of

porthol es 52 disposed -near the center-of the rotating nmenmber, the 28 MAY g
recesses 43 are arranged in concentric segments. A nozzle plate 46 covers
the major |ower surface defining a plurality of chanbers 48 therebetween.
The nozzl e FgHated MesswdeRapbe withialtheyaesserenamnt of BawsbrsNEREN8m MY foflioces 47

whi ch are ag ed centrally relative to each chanber 48. A preset regul ated
gas pressur €8s g‘i‘ﬁﬁh@i‘*&fé‘? RG] 4R Peessite Yrviatipeseangd pecifiorsitenoretie wafea peraifsosi ng

force again rce U ing the article against the polishing pad. At
ey

| east two _ofoc?lﬁzgdgfeisflf“é@ 3 #d qnsyres thatihg padssbptesie enmfagtis swpintaidehaindent | y
from one angihgy; | endent .pressur control 48 creates varying
forces to be teaE%?e?g%&eg%tha?r%@?c %?lﬁ{e}}gﬁa -E'P&%e prqllﬁ’éa the entie surface o thes
secured to HiceBéiRg pbipwey surface 46 of the rotating nenber adapted to
centrally position and partially recess the back'side of the wafer 10. The
maj or lower surface is oriented substantially parallel to the upper
surface of a rotating polishing pad. The apparatus has a rotatable axis
whi ch is paral | dtefemias 0bw seFiGsel, dtand 6 tllastidtiag b bgaaddlsel0 faxiemovibly he
polishing pad.. A spindle shaft 50, with a first end 51 shown fixidly
attached t PTHENIES ssapendustosvafasd 0 fornalishing. iBiesppardtys inthdirfgiastatiend- 51 of
t he spi ndl t has . lurality of |ongitudinal conduits formng a
small circu g‘?%é‘tﬁ%@na IB?JO%HB’C? furigge %?r]]@f‘véﬁ&f‘p Biadtyrod secesses 43 eagh yithg | engt h,

| ongi t udi nadoh¥uit 4 [ ' | e, The small circular 8 2 6 MAY 2004
P b tern for r(r)edma@{ﬂ'gi hﬁ}afdlia?%?&gfﬁgt“g% |¥‘§%1 ST RTHAL R, G’B(fgtoﬁB?réhoﬂ)eétslzémrPO? t he

“ropati ng neighehe ddnter. of AR rBha i Ahkh | | | L ach
2 rbtatifi Merf)gn]e rQR%eL @b@}hﬁg&gﬁ%@@e

comunicate with with its own extern groove 8ft 55 whi ¢h

i Nt ersect s segrénta A anzyid plate nabo@mﬂelHajdrhlﬁ\%er@ﬁ&ac%%ﬁniﬁ?ﬁfﬁlu}‘sﬁ{t} beal
di st ance, i ch, bg{ design, intersects with a depth matching conduit. A

st ati onar yv‘\’?‘%rﬂ?‘ﬁ&f‘ Breserivetm ihe neazld patk lincludes 8 sadid phitarm efigds atspansiigur al i ty
of gas su p%'rﬁ‘ic_es 47 which are aligned centrally relative to each chamber 48, A preset regulated
gas pressure communicates with each orifice pattern to exert an opposing force against a
force urging the artiéle against the polishing pad. At least two of the orifice patterns have
gas pressures adjusted independently from one aﬁothcr so that independent préssiire

control 48 creates varying forces to be exerted against the back side of the wafer.

A ring 49 is secured to the major lower surface 46 of the rotating member adapted
to centrally position and partially recess the back'side of the wafer 10. The major lower
surface is oriented substantially parallel to the upper surface of a rotating polishing pad.
The apparatus has a rotatable axis which is parallel and offset relative to the rotatable
axis of the polishing pad. A spindle shaft 50, with a first end 51 shown fixidly attached
to the top surface of the rotating member 41. The first end 51 of the spindle shaft 50 has
a plurality of longitudinal conduits forming a small circular pattern at the first end and

progressively vary in length, longitudinally, and at fixed intervals. The small circular

8




"ports 56 which are vertically spaced apart to align with the external

grooves 54 in the spindle shaft 50, This invention provides neans t0236W39’ 2004
the forces acting on specific areas on the back side of a wafer to inprove
the planarity of a polished wafer. FIG 6 is a topological draw ng of the

_problemthjis invention,.solves, that is the high plateaus 60 and |ow

val | eys éarﬂeghfé’n??‘ﬂ%ﬁh Stf“ééﬁ@’r‘s‘i’gi‘@? pertholopatismi in gheiptetingmemberflpr essure is
appl i ed TRV, ; ' .surface. The draw ng. al so illustrates how
the pr eflé%@%raﬁ@%g nt‘é(ﬁ?é?i%éﬁd;uﬁtﬁgaﬁh&ogwpéﬁr‘@&ﬁ‘?”Bg‘éiﬂ"g? $Xj8Haped areas to

be pol | sgroshel3 toiLEOK Birt 55 whbh i Reibls VY EILL AN R SoRERRLPRILEUI ar |y, shoun

and described with reference to the prefer rments thereof, it wll

be undersmgosirtioyl ditimse, skich| BcdesigntiR@rsaétt with aldeptd AakPiy Ghanges in form and
details may be made wi thout departing fromthe spirit and scope of the

i nvent i of@tiogangligyriv blopk shawrareridepliy prossitectioed hhoa platalighofaaphuppsr articl e
having a frggt %'b:ge surface and a backside surface in which the article is
lifted PSP AiradksYecally spacad apasiia alignawitkl thesaiemal grovwsiSAdn thel i shi ng pad
for polighi sai ontside surface, an apparatus for renovably
position W&P%gFig%grﬁ‘&f“@eﬂtm{“ﬂo‘ﬁﬁsi"&qﬁpﬁ@,"m GriOrees pefing oi spegifie i ng menber

havi I | : ¥ | | i. f .. h with
Condult n o 1R fiae o B b ittt P oglishBe STE oFIG- 6 bor t hol es.
di sposedogifsgical BRwaRdfeke Rbbiedithis [IREAS InGIVIE HhE fsahf?rgikg Pf&%%ﬁ?&?ﬁldar ranged in

concentric segnents; a nozzle plate covering sai ower surface

def i ni ndow vallays &1 dneind$ on £hafeb 0 aftdrpOliShal WRAMNif6mh fref@#Zis8pflleat € Provi di ng
ragi al patterns, of fgas
over the entire wafer surface. The drawing also illustrates how the preferred

embodiment is able to configure irregularly-shaped areas to be polished to uniformity.

While the invention has been particularly shown and described with reference to
the preferred embodiments thereof,, it will be understood by those skilled in the art that

various changes in form and details may be made without departing from the spirit and

scope of the invention.




di spénsing orifices aligned centrally relative each chanber; wherein a
preset regul at'ed gas pressure comrunicating to each orifice pattern exerts
d preset opposing force against a force urging said article onto sai2® MAY 2004
pol i shing pad; at |e&%tMfwo of said orifice patterns having its gas
pressure adj usted 1-iIn@epeui;lmnﬁﬂuga&fowigﬂﬁplﬁﬁ‘é?taﬂﬁ'ieﬁaléﬁgat at i ndependent
pressure contro permt varying forces to be exerted~again ?ethe back si de
of said arti cil'Eaceund aNmagksidyourrtace iftvdhicrhanditless Rt yPdail Hackyilid her

conpri si ng: aslntd(iane%l geﬁ#r(ﬁd to the major |ower surface of said rotating
menber - adapted toCEACPAIRR qetating pelishing pad faripelibhing £6EFsntihe back side of
said arti clre,suﬁg‘jedan%‘)%go% Ifovver syrface is oriented substantially parall el
to said upper surface or & CHSMeInesyitaingseidiride afomplisEager has a
rotatabl e axiS™®hTChR"i.s paral lel .and .offset relative to a rotatable axis

of said polishing f ofpung negber 7004 oBlowps svaleee wanplurality of a first end
fixidly. attached t%tt»{%?es.%%?l ‘ﬁﬂ’hr%&%ﬁvi?{)ﬁﬁﬁabgallw@%?r{ghg?ﬁrgﬁ E‘Eer, said first

end of spindle shaft having a plura ondui ts machi ned

at progressive deptdirchiat &ftié s i . i inal it forma snall

circular pattern at sai dﬁ%i fﬁ{s(?pgﬁgdlgsﬁlélpg%?lngéé\?mh@%%%?&ﬁ%dé‘)tﬁgﬁ ernin said

rotating member, sananbeangidiredieahrangeniiWohsenBatRemeaiuni cate with an

external groove via a port that intersecting a déepth matching conduit, and
- a nozzle plate covering said major lower surface defining a plurality of

_chambers therebetween, said nozzle plate providing radial patterns of gas
dispensing.orifices aligned centrally relative each chamber; wherein a
preset regulated gas pressure communicating to each orifice pattern
exerts a preset opposing force against a force wrging said article onto said
polishing pad;

~ at least two of said orifice patterns having its gas pressure adjusted
iﬂdependenﬂy from one another such that independent pressure control

permit varying forces to be exerted against the back side of said

article.

2. The apparatus of claim 1 further comprising:

a ring secured to the major lower surface of said rotaﬁng member
adapted to centrally position and partially recess the back side of said article, said
major lower surface is oriented substantially parallel to said upper surface of a
polishing pad, said rotating member has a rotatable axis which is parallel and

offset relative to a rotatable axis of said polishing pad;
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a stationary journal bearing having a plurality of gas supply ports which

are separated longitudinally to align with said external grooves in s?'ngw 9004
spindl e shaft. 3. The apparatus of claiml| wherein lifting said artic

requires a | ow vacuum pressure. 4. The apparatus of claim| wherein said

. regul at ed gas pressu; I hdependent | ithin pressure range
of between 1520 mﬂé§ ﬁ‘dﬁ‘?%g@ém%ﬁﬁﬁéﬁglﬂ%@ﬁ;ﬁlg@@ifqﬁegqp St':‘rfg?erﬁffa‘\%erei n said
nozzle plate is a rdggk : Syt . .The par at us of

“claim1 wherein sai dﬁpﬁ%&g@?t@ésaﬁ ﬁ%ﬁ%‘ﬁﬂﬁ?glﬂgﬁgﬁﬁ%&ﬁgﬁathurgﬁtg OZeaI ed to

prevent | eakage andohgialinallcondil® RRMEHAL Bro@fesGledemitd %ﬁ[se%arfﬁ seal ing said

chanbers and conduits are taken fromthe group in uéh ng el astomeric
o-rings, epoxy vacuUomgiwdmblononduit fand avaall eircasSiagsmbisald Brshd 2004 8. The
apparatus of claiml wherein the ability to adjust the gas pressure to
different areas of dif@ngth@pehole pafiegeis saidetatingimeinbér saéd bugiedantl to reduce

the high plateau and,valley topography neasured after a CMP operation. 9.

The apparatus of clcgpqﬂltﬁe@ﬂ%éﬁog‘i”ﬁmgcéfedm Hatanal iggfove Miawineg that nul tiplicity

of external groove Ld spi ft i | aged within the bore of a

?nt%écqmg %L({%gg]kqmﬁa%ag gcmsdﬁg,l aélﬁ

plain, cylindrical journa sai shaft and the mating bore

are... burnished afsguidngty fduehal béatingRaRRga bHRAHF 8F HY siiipl s YGEYUM 9r ease.

are separated longitudinally to align with said external grooves in said

- spindle shaft.

3. The apparatus of claim 1 wherein lifting said article requires a low

vacuum pressure.

4. The apparatus of claim I wherein said regulated gas pressures may
be set independently within a pressure range of between 1520 mm Hg to 25mm

Hg.

5. The apparatus of claim 1 wherein said nozzle plate is a rigid planar

reference surface.

6. The apparatus of claim 1 wherein said plurality of chambers and

conduits are sealed to prevent leakage and leak .

7. The gpparatus of claim 6 wherein sealing said chambers and conduits

are taken from the group including elastomeric o-rings, €poxy vacuum sealant,

and vacuum pastes
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10. I'n an equi pment used to polish a planar article having a frontside
surface and a backside surface in which the article is lifted by said
backside surface and placed upon a rotating polishing pad for poli &8 Mgy 2004
said frontside surface, a nethod for renpovably positioning said article
‘for polishing, conprising the steps of: providing a rotating nmenber having
a major |ower surface with a pluralit of recesses each with a conduit
path radial ly | ead®nifrerapparatypraf ¢laim bivherainghe ghality 6o aljwst thpgag predses di sposed
near the center .. s.?i d B}gt at i nq menber, said recesses arranged in
concentric semgefl eases theartifle providgs e methgd fufine i a9 to tdeee their f ace
defining a pl | j anbers therebetween, id ngzzle plate providing
radial patter E{sgﬁéifl&%ag%fndéiﬁg Be?%olgﬁgh%ﬂeﬁuﬁeélvﬁﬁ?Gﬁ@cppﬁ@ﬂ??-al ly relative each
chanber, wherein a preset regul ated gas pressure comruni cating to each
orifice pattern exerts a preset opposing force against a force urging said
wafer onto said polishing pad; 12 2 6 MAY 2004 at |east two of said
orifice patterns having its gas pressure adjusted independently from one
anot her such that independent pressure control permt varying forces to be
exerted agai nst the back side of said wafer. a ring secured to the major

| ower surface of said rotating menber adapted to centrally position and

partially recess tgheT ack side o[a..sgi wafer, sajd_ major |lower surface is
oriented substant i al [ HREPEYSEE clain ¢ gyhgreimenid spindle shaft having a

multiplicity of external grooves said spindle shaft is placed within the bore of a
. plain cylindrical journal block said spindle shaft and the mating bore ére...

burnished to a mirror finish and lubricated with a vacuum grease.

10.  Inan equipment used to polish a planar article having a frontside

surface and a backside surface in which the article is lifted by said backside
surface and placed upon a rotating polishing pad for polishing said frontside

surface, a method for removably positioning said article for polishing,
comprising the steps of:
providing a rotating member having a major lower surface with a plurality

of recesses each with a conduit path radially ledding to a smaller
circular pattern pf portholes disposed near the center of seﬁd rotating
member, said recesses ananged in concentric segments;

a nozzle plate covering said major lower surface defining a plurality of
chambers therebetween, said nozzle plate providing radial patterns of gas
dispensing orifices aligned centrally relative each chamber, wherein a
preset regulated gas pressure communicating to each orifice pattern

exerts a preset opposing force against a force urging said wafer onto said

polishing pad;
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surface of 'said rotating polishing pad, said rotatable polishing head
assenbly has a rotatable axis which is parallel and offset relative t@(]BaMAY 2004
rotatabl e axis of said polishing pad; a spindle shaft, with a first en
fixidly attached to the top surface of said rotating nenber, said first end
"of spindle shaft haeasytveo qflsaid atifity paferns hevigg fteighs pedssig@adiidtécs machi ned at .
progressive depth intervals, said longitudinal conduit forma small
circular pattern atindegeadently fomemg anethérgnémthatvindsperplent predserepattiadr n i n sai d
rotating nmember, said longitudinal conduits each comrunicate with an
external groove vi PEPJ ‘“ﬁ%&‘ﬁesmméﬁeé@étagﬁgstﬁ?edﬁﬁkﬁdfmﬁi@hﬂi ng conduit, and
a stationary | ourna\jv tg'eari ng having a plurality of gas supply ports which
tudr

are separated | ongi i nally to align with said external grooves in said

spindle shaft. 11 , . im1Q wherein lifting sajd article
requires a | ow vac%ﬂn%h %rc gggﬁ)&g? R]ffjf.? I@F% S'ﬁrgafcﬁéigsab# rogghge H?ei'%e(/\)?flé‘i’ﬁan sai d
regul at ed gas pressucesf: fositfh | st hi N re range
of between 1520 mm Hg tgﬂg nsTIn I—%ﬁtp%%ﬁgfg%%%%d&gﬁ%%m#ﬁ@%@?%@g of claim
10 wherein said nozmdjerlpWatsarﬂ'a@iaoﬁérﬁé&ubétﬁﬂﬁ[l%pir@[ﬂ&rt@m&uﬁ}éfface- 14. The

met hod of claim10 wherein said plurality of chanbers and "‘conduits are
seal ed to prevent [sudieeesadobtataglpolishing pad, said rotatable polishing head
' assembly has a rotatable axis which is parallel and offset relative to a
rotatable axis of said polishing pad;

a spindle shaft, with a first end ﬁxidlf attached to the top surface of said
rotating member, said first end of spindle shaft having a plufality of |
longitudinal conduits machined at progressive depth intervals, said
longitudinal conduit form a small circular pattern at said first -end
aligning with porthole pattern in said rotating member, said longitudinal
conduits each communicate with an external groove via a port that
intersecting a depth matching conduit, and

a stationary jqumal bearing having a plurality of gas supply ports which
are separated longitudinally to align with said external grooves in said

spindle shaft.

11. The method of claim 10.wherein lifting said article requires a low

vacuum pressure,

12. The method of claim 10 wherein said regulated gas pressures may

Vbe set independently within a pressure range of between 1520 mm Hg to 25mm

Hg.
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15. The apparatus of claim6 wherein sealing said chanbers and conduits

are taken fromthe group including elastoneric o-rings, epoxy vacuum

seal ant, and vacuum pastes 16. The net hod of claim 10 wherein the a4l WW 2004
to adjust the gas pressure to different areas of the article provides a
method to fine tune and to reduce the high plateau and valley topography
nmeasured after a gperation. 17. The nmethod of claim 10 wherein said

spi ndl e shaft havica/g' Lhie mgthad ficladit i veferadix sadd nedzleplavoisasigidpldnaspi ndl e shaft
is placed wt %f@r Elhe» bore of a plain cylindrical journal block said

spi ndl e shaft Ang T e i ng bore are burnished to a mrror finish and

| ubricated with a vacuum grease. 14 '

14. The method of claim 10 wherein said plurality of chambers and

conduits are sealed to prevent leakage and ieak.

15. The apparatus of claim 6 wherein sealing said chambers and conduits

are taken from the group includiﬁg elastomeric o-rings, epoxy vacuum sealant,

and vacuum pastes

16. The method of claim 10 wherein the ability to adjust the gas pressure
to different areas of the article provides a method to fine tune and to reduce the

high plateau and valley topography measured after a CMP operation.

17. The method of claim 10 wherein said spindle shaft having a
multiplicity of external grooves said spindle shaft is placed within the bore of a
plain cylindrical journal block said spindle shaft and the mating bore are

burnished to a mirror finish and lubricated with a vacuum grease.
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