WD 02/ 11947 PCT/ USOL/ 21238 METHOD FOR PROCESSI NG A SEM CONDUCTOR WAFER

USI NG DOUBLE- SI DE POLI SHI NG Background of the Invention The present

i nventi owoedaes generally to nethods of 5 processing seai/weeidieisor
wafers, and nore particularly, to an econom cal nethod of processing

sem conductor wafers including sinultaneously polishing front and back
surfaces of the sem conductor wafers for producing flat wafers exhibiting
| ow nanot opogr aphy. 10 Sem conductor wafers are generally prepared froma
single crystal ingot, such as a silicon ingot, which is trinmmed and ground
to have one or M¥ETHODEOR GRQIRESANG @y iISEMIAONRUCQHOR WARER er in
subsequent procedures. TNEINGJWUBIE-{STOE HAIGEHING 0 | ndi vi dual wafers

whi ch are each 15 subjected to a nunber of processing operations to reduce
the thickness of the wafer, renove damage caused by the slicing operation,
and to create a highly reflective front side. A |apping operation (an

abr asi ve BddKdnouHD eSS SHheé SIntemit Lo | y per f or med on the front and back
sides of the 2Q wafer to reduce fhe t ckness of fer re ve
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t hi ckness and rem)ve dama after ng I's known that_using an acid

cheni cal 3% AN CHa |%I1§F%ﬁ nq WW LPREDIS the wafer.
Ther eaf t efnc e m&u@tﬁécﬁ@@y abo e WA Bforad %n&%w&kysmpﬁaéémd to

renove damage to the front and back sides induced %%qu” or operations and
to ensur & Ht® tIRVPREHETOF W eirmrt oA eIt BI&E%i%e pol i shing

has  becose f5iafeld ebw mdMe: dpwslysdgny, because such pol i shing

10 Semiconductor wafers are generally prepared from a

single crystal ingot, such as a silicon ingot, which is
trimmed and ground to have one or more flats for proper
orientation of the wafer in subsequent procedures. The
ingot is then sliced into individual wafers which are each

15 subjected to a number of processing operations to reduce
the thickness of the wafer, remove damage caused by the
slicing operation, and to create a highly reflective front
side. A lapping operation (an abrasive slurry process) is
typically performed on the front and back sides of the

20 wafer to reduce the thickness of the wafer and remove
damage induced by the slicing operation. A chemical
etching operation using acid or caustic etchant may also
be performed to reduce the thickness and remove damage
after lapping. It is known that using an acid chemical

25 etchant may negatively affect the nanotopography of the
wafer.

Thereafter, one or both surfaces of each wafer are
usually polished to remove damage to the front and back
sides induced by prior operations and to ensure that the

30 wafer is planar. Simultaneous double side polishing has
become preferred in the industry because such polishing

yields a wafer with flatter, more parallel sides.



yields a wafer with flatter, nore parallel sides. WO 02/11947

PCT/ US01/ 21238 2 However, there are drawbacks to simultaneous double side
pol i shi ngvOBor19¢xanpl e, si mul t aneous doubl e side polishipgriusowaess costly
than single side polishing, and after such doubl e side polishing,
significant damage 5 remains in the wafer surfaces. Mreover, the surfaces
of the wafer may not be visually distinguishable, which may cause

probl ems for certain machi nes used i n?down-stream processing of the wafer

It is known to overcone the |latter problem by dullin 10 the back side b
singl e siftRWeMSHhi ddless ffie a2 %m%gﬁimuﬁgéﬂgﬁf%%lﬁi%fects  he
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a dulling operation, it is known to use a nethod of double side polishing
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relatively Tow Summary “of the Invention
etching, however, negatively affects the nanotopography of
the back side, which may effect the front side in a later
front side polishing operation where the wafer is wax
mounted. Most single side etching operations also
15 negatively affect the edge of the wafer and/or the front
gside of the wafer, which is undesirable. Instead of a
dulling operation, it is known to use a method of double
gside polishing whereby the rotational speed of the
polishing pad and wafer carrier is manipulated to reduce
20 the wafer material removed from the back side and thus
make the back side distinguishable from the front side.
It has been found that control of the amount of wafer
material removed from each side of the wafer is less
precise with manipulation of the rotational speed. Such
25 loss of removal control causes an undesirable variation in
the back side roughness and gloss. Moreover, the
differential between the amount of wafer material removed

from the front and back sides is relatively low.

Summary of the Invention

30 Among the several objects and features of the present
invention may be noted the provision of a method of

simultaneously polishing front and back surfaces of a



30 Anmpong the several objects and features of the present invention may be
noted the provision of a nmethod of simultaneously polishing front and back
surfaces vob oz1&r 02/ 11947 PCT/ US01/ 21238 3 sem conduct or P@EAUSE1/X12i3st
produces a relatively flat wafer; the provision of such a method which
produces a wafer having visually distinguishable front and back sides; and
the provision of such a nethod which renoves substantially 5 nore wafer
material fromone of said front and back surfaces. Briefly, a nethod of

the present invention is directed to_ simultaneously polishing front and
back sur¥REEOTGIUICE e oS ddiadr RigBICesTRRe E}deeé&ﬁpfr]i%teé’%f@ﬁirovi di ng

a polishidg apRarativs VIR IRIEERMHIRh @RI % disnased between a
first polishing pad and a second polishing pad. The first_ pad has a

har dness hastigig fiicartily ghedigouirinid ehdiids anst Rardk By paf  The
wafer is ﬂ}lé‘gﬁgﬁ%i@?? def&lcal &M Wt thendvantadsssandace f aces the

first pad an o that the back surface faces the second pad. A polishing
slurgy i snagsplwaden gedreriadasiraneonsg adhepadSwand @and dadier, first pad
and sec Rad are rotated. The front surface is brought into contact
with the first pad and the back surface is brought 20 into contact wth the
second pad foByaflyhi my metdidd ot thenddrssets dnfveridsiast ke waf er wher eby

pad and ROk L T R e R ce arter
pol i shi nggurfades arfoteheremdsyestuaifor e far.entThen met et eeinefisgs ocessing a
Zﬁ?cﬁggg‘bguo%ia@cd’%f Laojragrlfigsg;sfr{gorgp%a?ﬂa{wseha%@@ W1 and-hgving front
- generally disposed between a first polishing pad and a
second polishing pad. The first pad has a hardness
gsignificantly greater than a hardness of the second pad.
The wafer is placed in the wafer carrier so that the front
15 gurface faces the first pad and so that the back surface
faces the second pad. A polishing slurry is applied to at
least one of the pads and the carrier, first pad and
second pad are rotated. The front surface is brought into
contact with the first pad and the back surface is brought
20 into contact with the second pad for polishing the front
and back surfaces of the wafer whereby less wafer material
is removed from the back surface engaged by the second pad
and the back surface has less gloss than the front surface
after polishing.
25 In another aspect of the invention, a method of
processing a semiconductor wafer sliced from a single-
crystal ingot and having front and back surfaces comprises
the step of lapping the front and back surfaces of the
wafer to reduce the thickness of the wafer and to improve
30 the flatness of the wafer. The lapping step creates damage
on the front and back surfaces. The front and back
surfaces of the wafer are etched to reduce the damage on

the front surface remaining after the lapping step. The



the step of lapping the front and back surfaces of the wafer to reduce the
t hi ckness of the wafer and to inprove 30 the flatness of the wafer. The

| appi ng svep2/cvent es damage on the front and back surfackeT/USée21e3sont and
back surfaces of the wafer are etched to reduce the danage on the front
surface remaining after the | apping step. The WO 02/11947 PCT/ US01/ 21238 4
front and back surfaces of the wafer are sinultaneously polished to

i nprove the flatness of the wafer and4 o reduce wafer damage on the front
and back surfaces. The wafer danmage remaining on the back surface is

great er theonts ake hadlerseafrers ot tHe fwaliRr ard avenaktane@iiy et i on of
th i mul i .shi t t t f is finish
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surface tietes verfdasdamade gherthg odonthand Hedackusiadexe. THe nethod is

free of n i J

per for med 5es K ERE < PR b e S AR S e B D esen

i nveht i oncheniwd fdoe damgese torappes eftorandsumt guay ta Podnteunwletidrerad naft er.

15 Bri ef scripti.on of the W ngs_.Fi g. | S he ! e ive view
of a doub*i‘l%ge Sslinﬁleltp%li‘ef%lh? n%o%%jalrn ussteté'ed]ﬂiﬂ%\e aﬂrr(ilf%o%?#%%i%épﬁq%venti on;
and Fig. waier ad |Dinmiklagie sfied tnetdwticod hadmwe prmsemuglR@essivient i on for

i cat e O reehindT i BTt o TR GETOUL CHE Ceudreroeh S8 BT the  dr awi ngs.
Det ai | ed Hefes1t plicde ofhdhet i dierk eth Byl nelMie method is free of
10 any step performed on the back surface which is not also
performed on the front surface.
Other objects and features of the present invention
will be in part apparent and in part pointed out

hereinafter.

15 Brief Description of the Drawings

Fig. 1 is a schematic perspective view of a double
side polishing apparatus used in a method of this
invention; and

Fig. 2 is a flow diagram of a method of the present

20 invention for processing a semiconductor wafer.

Corresponding reference characters indicate

corresponding parts throughout the several views of the

drawings.

Detailed Description of the Preferred Embodiment

25 Referring now to the drawings and in particular to
Fig. 1, a portion of a conventional double side polishing
apparatus, such as a Model AC1400 made by Peter Wolters
Gmbh, Rendsburg, Germany, is shown schematically and
generally referred to as 10. The double side polisher is

30 used to polish the front and back sides of semiconductor

wafers W sliced from one or more monocrystalline silicon



25 Referring nowto the drawings and in particular to Fig. 1, a portion of
a conventional double side polishing apparatus, such as a Mdel AC1400
made by Peoer/idtters Grbh, Rendsburg, Germany, is shownPeT/lsemEtieisal |y and
generally referred to as 10. The double side polisher is 30 used to polish
the front and back sides of sem conductor wafers Wsliced fromone or nore
nonocrystalline silicon WO 02/11947 PCT/US01/21238 5 ingots. It is
contenpl ated that other types of double side polishing apparatus may be
used. The apparatus includes a generally annular upper platen 12 and a

gener al | ynga¥d -ar Jtovier ganhiesiplesedahagpathsst iteirasy gfadlBble i s nount ed
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plurality of giglr?eﬁ%ée;}f I reactuﬁ%gﬁzwa ?rc 18%9‘7 é)rls‘—’ﬂ:fquar eatrn%%notté—%eg(r)l t he | ower
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ning (three.in this enbodi nen whi ch receives a_wafer to be polished.
Elﬁh%g peri p(ﬁléDrty S(glfowélezdh Mafret Carr P22 ha %a? AN o] g@fr Wl(lr}o eshown) engaged
by a "surleserribate haeamaithb it eespect to a preferred method

of this invention, the apparatus 10 includes a controller
that allows the operator to select a rotation speed for
the upper platen 12 that is different than the selected
15 speed for the lower platen 14. Also, the platens are
rotatable in different directions so that the platens may
rotate in the same direction or in opposite directions.

A plurality of generally circular wafer carriers 22
are mounted on the lower polishing pad 18. Each wafer

20 carrier 22 has at least one circular opening (three in
this embodimenf) which receives a wafer W to be polished.
The periphery of each wafer carrier 22 has a ring gear
(not shown) engaged by a “sun” or inner gear and an outer
gear (not shown) of the apparatus 10. The inner and outer

25 gears are driven by suitable drive mechanisms to rotate
the carrier at a selected speed.

In a method of this invention, the wafer carriers 22
are mounted on the lower polishing pad 18 so that the
carriers are generally disposed between the lower

30 polishing pad and the upper polishing pad 16. At least
one of the wafers W is placed in one of the openings in

the wafer carrier 22 so that the front side faces the



gear (not shown) of the apparatus 10. The inner and outer 25 gears are
driven by suitable drive nmechanisns to rotate the carrier at a selected
speed. | waomedhnd of this invention, the wafer carriers Per/Usoi21easunt ed on
the | ower polishing pad 18 so that the <carriers are generally disposed

bet ween the | ower 30 polishing pad and the upper polishing pad 16. At |east
one of the wafers Wis placed in one of the openings in the wafer carrier
22 so that the front side faces the WS 02/ 11947 PCT/ US01/ 21238 6 | ower
polishing pad 18 and the back side faces the upper polishing pad 16. A
onventl glrm{emdlqlslkﬁhﬂgﬁ%mﬁd Vi arngppihiedadk aiidg dastespridiofuntar pads. The
waf er delr 1‘%%1 t upper 5 pad 16 and the |ower pad 18 are rotated. The
upper pI 9 owered downward toward the | ower platen 14 to bring

t he upper pad Al&ome)uu:msnaeﬂctpdm:ldh:hi@ dackesiide a(ﬁp]tmﬁi twafegr Wand to

bring the | ower 8.into contagt with the front side of the wafer. The
upper gte&?tl? S % vvrr'rﬁie?rd"atﬁ.ﬁ'? rfga%ﬁ%rﬁ%‘rg tg'te FEP8%ect ed " down

f of ce" 3:4&1% taﬂﬁib@}%‘ Ak of &% 1 d8% arg0ld shaghe sigBdd gioqusly by the

upper and | ower pads, respectively. The |lower pad 18, which polishes the
front side Jmaslcsﬂelrecinginwgearsi gravfarshrithey Jgnemesrlatﬂﬁn Tef rtaugimeg of the

15 upper Bad AicPrelerabli. dhe dauer pad 18,4 S840 ol (GF oot ock

renmoval ") poll e Ot hanhe i Npreg na ed pol yester felt
mat er i al ,wafreaf av a#aicy ta: Nodiedg thebd dvrpashd menuifrees Wt dut Rodaed

Cor por at | DE. _The upper pad 16 is preferably a "finish"
pol i shi nd %2?) ]J-[}Igﬂ"trm"d‘éi%fOfp feol yiltet R Mliads™il2 preferably a

Moglel UR-fJo%e@didm&g@&tasuﬁ%bxboﬁ%qﬁthcmIs%lected ~down

force” so that the back and front sides are polished
simultaneously by the upper and lower pads, respectively.
The lower pad 18, which polishes the front side, has a
roughness significantly greater than a roughness of the

15 upper pad 16. Preferably, the lower pad 18 is a rough (or
“stock removal”) polishing pad made of polyurethane
impregnated polyester felt material, preferably a Model
Suba H2 pad, manufactured by Rodel Corporation, Newark,
DE. The upper pad 16 is preferably a “finish” polishing

20 pad made of poromeric polyurethane material, preferably a
Model UR-100 pad manufactured by Rodel, which is
significantly more porous than that of the rough pad. The
lower pad has a compressibility of between about 6% and 8%
and more preferably about 7%. The upper pad has a

25 compressibility of between about 8% and 20%, and more
preferably between about 10% and 12%. The lower pad 18
has a hardness significantly greater than the upper pad
l6. For example, a Suba 80 pad, which is a finish pad
comparable to a Model UR-100, has a Shore A hardnegs of

30 about 13-20 using test method RM-02A-7-91, and the Suba H2
pad has a Shore A hardness of about 84 using the same test

method. The lower pad 18 removes wafer material at a



significantly nore porous than that of the rough pad. The |ower pad has a
conpressibility of between about 6% and 8% and nore preferably about 7%
The uppew@aziitas a 25 conpressibility of between about 8PEEENE01202§8 and
nore preferably between about 10% and 12% The | ower pad 18 has a
hardness significantly greater than the upper pad 16. For exanple, a Suba
80 pad, which is a finish pad conparable to a Mbdel UR-100, has a Shore A
hardness of 30 about 13-20 using test frethod RM 02A-7-91, and the Suba H2

pad has a_Shore A hardness of about 84 using the sane test nethod. The
| over pad-aB-Feried Wdertht BB BRda YRYe L MR P01/ 21238 7

faster ratgtdddbiheauppelsPathdie™®yfd ¢ aiss liO)wardr aherab y at | east
about five tinmes nore wafer material per rotation of the | ower pad than

t he upperpgadrdeat v eof prled ekenry  padhethamovizd upper rpad olés abowe 10: 1,

and even 5 _npr eferably is out, 15; 1.. The waf er i s thereb ol i shed
051 ng L TOUGIPBRY ani (I TTH S hac SHth That Mest) bt o GoteT al |5
resroved friidre tiee baedb By dis tdiesut hes : £ I onthsiwer @ndy sos tiiadréthe back side
has | ess gloss than the front side. 10 The renpval rate ratio and the
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rotational spee e carrier 22, the upper platen 12 and upper pad 16,
and the |fwert ptadernndd smdis |Ywerbapakd d8le Spezifesaldyoss hehapper pl at en
12 is r tategrintthedsarre direction as the wafer carrier 22 and at about
t he sane }b e t¥ie"Waf er carrier. In this manner, relative notion

bes ween the uppes pafbddl ardteacdtiveded WMe sdrietseases soclhden tiess
material renoval occurs _
wafer material removed from the front s;de and from the
back side may be further increased by manipulating the
relative rotational speed of the carrier 22, the upper
platen 12 and upper pad 16, and the lower platen 14 and
15 lower pad 18. Specifically, the upper platen 12 is
rotated in the same direction as the wafer carrier 22 and
at about the same speed as the wafer carrier. In this
manner, relative motion between the upper pad 16 and each
wafer W is decreased so that less material removal occurs
20 during polishing. Table 1 includes suitable ranges and
preferred parameters for the speed of the upper and lower
platens 12, 14 and the inner and outer ring gears (the
speed of the ring gears determines the speed of the

carrier 22). Table 1 also includes a suitable range of

25 polishing down force and a preferred polishing down force.



20 during polishing. Table 1 includes suitable ranges and preferred
paraneters for the speed of the upper and | ower platens 12, 14 and the

i nner andvooYew4ting gears (the speed of the ring gears Ber@som21ess t he
speed of the <carrier 22). Table 1 also includes a suitable range of 25
pol i shing down force and a preferred polishing down force. WO 02/11947

PCT/ US01/ 21238 8 TABLE 1: Paraneters Preferred Suitable Range Poli shing
Down Force, 300 100 - 600 daN 5 Uppe Platen Speed, RPM 3 2 - 10 Lower

Pl aten Speed, RPM -261 -20 -'-40 Inner Pin Ring Speed, -3 -2 - -10 RPM
CQut er Pi AEZRIgy ISpeed, 4 2 - 10 10 RPM The renoval rate ratio and the

di f f er enge—etweemthe—wafer—atertat—renmoved—fromthe—front—strde—and from
the back side neBatprmétexser increpse8rbfernedeas| fipitrble dargat|ure of

t he | ower g contact with tne front _I5 side[relative tg.the
t enper at Fgﬁ'ﬁ%ﬁﬁg GppEr Fp26°16 in | contacdfOwith the balk §i5§0 The
tenperatmﬁeﬁpf each pollshlng pad s control |l ed by C|rculat|ng watler whi ch

is in thermet—comuntcattomwth—the |capcutlvc pratens—Tr——contactt W th

t e pads. UP@@IA@iﬁﬁ@naﬁ@eR©20®@NhDdeI 20 pdlishers|incl e alontrol system
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with the égPﬁ)Llagteéln% eparate coOhtrol slst err?Po %g
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syst ens eg&%}e the user t0 increase|the

Outer Pin Ring Speed, 4 2 - 10
10 RPM

The removal rate ratio and the difference between the
wafer material removed from the front side and from the
back side may be further increased by increasing the
temperature of the lower pad 18 in contact with the front

15 side relative to the temperature of the upper pad 16 in
contact with the back side. The temperature of each
polishing pad is controlled by circulating water which is
in thermal communication with the respective platens in
contact with the pads. The AC1400 and AC2000 model

20 polishers include a control system for controlling the
temperature of the circulating water in communication with
the upper platen 12 and a separate control system for the
circulating water in communication with the lower platen
14. The separate systems enable the user to increase the

25 temperature of the lower pad 18 with respect to that of
the upper pad 16 and thereby remove more material from the
front surface than the back surface.

In another method of the invention, semiconductor

wafer W is placed in a conventional lapping apparatus (not

! Negative sign for rotation indicates counter-clockwise
direction, positive number indicates clockwise direction.



25 tenperature of the lower pad 18 with respect to that of the upper pad
16 and thereby renove nore nmaterial fromthe front surface than the back
surface. waoznwsher nethod of the invention, sem conduct oPCTWa$1¢21238/ i S

pl aced in a conventional |apping apparatus (not 1 Negative sign for
rotation indicates counter-clockw se direction, positive nunber indicates
cl ockwi se direction. WO 02/11947 PCT/US01/ 21238 9 shown) and is |apped to
reduce the thickness of the wafer ané to inprove the flatness of the

waf er. Reduction of the thickness via the | apping operation also renoves

damage calsur)bpnché sndPepes ite mgdvser dhrorhithacsgPitnghs T however,
creates %gila?% GhRARRNAY tHO LN damRIChe 9RrERe fRARLANGDRGK surfaces

that has ferent characteristics than the damage caused by the wafer
slicing dper dhilohness wvalsl &heapgpiomg ngp pReaels onnelede repeves Wl ters Mdel

Nos. ACl d ; .Q), ; ter F Lon,
Rendsbur#%ﬁém%%%%gﬁgﬁﬁﬁﬁfgéﬁgﬁué %E)%?%g\ft%klé sgjr}rle@&%%??g?as as the
déubl e- siteg pbiowelvieny appatatusiaige |(dpppigdopécaritore sanegs)a

predet er iy ned, ! i gkpess, O, uaf el MALEH hacsigh 85 rdoul,. 40 to 100

m crons, and pr ef er abl y about 0 mocrons s renove y the | apping
oper at i orhdlthe tepasatiopn tdfant lide cemaget iconsled dppiting apdarat us will be
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S, L Y g SR e AL Rk R bR A Lol 10
lapping apparatus may be the same apparatus as the double-
side polishing apparatus. The lapping operation removes a
predetermined thickness of wafer material, such as about
40 to 100 microns, and preferably about 70 microns is
15 removed by the lapping operation. The operation of the
conventional lapping apparatus will be apparent to those
skilled in the art and therefore will not be further
described. '
The front and back sides of the wafer W are etched to
20 reduce the damage on the front side remaining after the
lapping step. Preferably, the etchant used is a caustic
(alkaline) etch because caustic etching is less harmful to
the nanotopography of the wafer W than acid etchant. The
wafers are preferably immersion etched, though other
25 etching operations are contemplated. The wafer W may be
edge polished after the etching step.
The front and back sides are simultaneously polished
to improve the flatness of the wafer W and to reduce wafer
damage on the front and back surfaces. The wafer damage
30 remaining on the back surface is greater than the wafer
damage on the front surface after completion of the

simultaneous polishing step. The simultaneous polishing

step is preferably performed using the method described



wafers are preferably i mersion etched, though other 25 etching operations
are contenpl ated. The wafer Wmay be edge polished after the etching step.
The frontwanziiark sides are sinultaneously polished to PapuUswve1tise
flatness of the wafer Wand to reduce wafer damage on the front and back
surfaces. The wafer damage 30 remai ni ng on the back surface is greater than
the wafer damage on the front surface after conpletion of the

si mul t aneous polishing step. The si mi#G aneous polishing step is preferably
perfornmed using the nethod described WO 02/11947 PCT/ US01/21238 10 above
so that PbS¥ewaPeFhAht deisgl vogeremaledint oAt KeMpaeRk faoge thgakatke front

si de of %E@e“@ﬁsh @£§NQ&%nts%ggEf5§aFg¥,wgfg%rﬂer, ougher pad is used to

polish the front side than is use pol'i sh t he back side. In this 5
met hod, ispecdfprefdvablbe hagdero mengpealkapadt he Heesgt tondolispeslieof the

carrier ?I%o'hﬂ Qﬁﬂgr th3nl NG 833G Ft%ep\%?ﬁéh £hempyak @i'fdfeeéreghi %hi%ﬂ ween the
front and back sides. ni pul ation“of the r'ot ati onal speed may decrease
tike conmeshodved thaek pgiedenmler nat tenmealpubhiceh tivel lrottesddonelt o an

undesi rahl.e yapiatian g, Lhe ‘%%C‘insb% &Ough%&%e@%% 9053 s Ihe front side
of the wafer is finish polished to Feduce haze an roughness in the front
si de. |t resiovbél devéeremiti aflhdbetaeenopbgr dpbptobndhbakbéclkeisiede will be 15

suf {1 ci epLlY HALEQLM Bl @t e Sl MULEINGRUS PALYShNG. IRl figd of Lhis
i nvention so 8t "Che “mano opography ~of € ack side wll not negatively
af fect thentandt opegr dplok efidet meterdaf sedevddri mipifchomti1di deagol i shi ng.

She, Tenobepenr el he (onyend bk e el 20 hLieORRS
gloss.

The front side of the wafer is finish polished to
reduce haze and roughness in the front side. It is
believed that the nanotopography of the back side will be

15 sufficiently uniform after the simultaneous polishing
method of this invention so that the nanotopography of the
back side will not negatively affect the nanotopography of
the front side during front side polishing. The
nanotopography of the front and back sides after

20 simultaneous polishing is preferably less than 20 nm PV in
a 2mm X 2mm site and less than 70 nm PV on a 10mm X 10mm
site. More preferably, the nanotopography is less than 10
nm PV in a 2mm X 2mm site, and even more preferably is
substantially zero. After front side polishing, the front

25 side has a higher gloss than the back surface so that the
front and back sides are visually distinguishable and are
distinguishable by sensors used to process the finished
wafer. For example, the gloss on the front side is about
370 using a Mirror-Tri-Gloss Meter, made by Gardner, Inc.,

30 Germany, while the gloss on the back side is about 120
using the same meter. Moreover, the front side has a
higher gloss than the back side after the simultaneous

polishing step but before finish polishing.



a2mm X 2mmsite and less than 70 nm PV on a 10mm X 10nm site. More
preferably, the nanotopography is less than 10 nmPV in a 2mm X 2mm site,
and evenwoprzimueferably is substantially zero. After frpar/USo1da238
polishing, the front 25 side has a higher gloss than the back surface so
that the front and back sides are visually distinguishable and are

di stingui shabl e by sensors used to process the finished wafer. For
exanpl e, the gloss on the front side %% about 370 using a Mrror-Tri-d oss
Meter, made by Gardner, Inc., 30 Germany, while the gloss on the back side
i s about Afyentggiesystife ddife Nedhel oafbpaeressitge theomafsird® & a  hi gher

gloss thanckhecack side aidaodin shmblaneous o:pel Lehing ssf gpibut before
finish polishing. 02711947 PCT/ USO1/ 21238 . 11 Advant ageous t he net hod

of procedsdieRgPerdonaiest oW itde ffreatoidey stldwsperther med eon W hesback side
whi ch isipat £1al r.f Rehne i . fer Whas the
fl atness and pglrtzll(élsgleiagl%[ g%gglqeg E}%msie%u tl%lr?g% sggﬂgl&&b %—O\S@de pol i shi ng,
h&s a hi geuplesside ol ifshiinch drs vhéighomtl osisdeidwert ¢ itHehf iomi sh
pol i shi ngst ng,.the od. do [ Pti lL..step to be
perfornegh%bggFﬁg %ﬁb é?ggkgb%ﬁ%kgiFﬁg&#&%ﬁ%j%ﬁﬁgpéﬁg Vn&%@gﬁg%le from
t he back meitded Moesowat, ndypigreoesssdds tripme 11 @ tegononibealpantoriratd | ess
material re al__f the . fr Lde d.s_required.in. .Shyltaneous
doubl e sioéle%gl\él :'bs c‘{k(r)lg@l({:ét etr? %tg“et ?ht%hgr ﬁlrtt %grderra lgﬁlgﬁg%rlzslﬁo%%le per f or med
in the ffmemskthgoldastki g dst.ep Momeowieew ¢het peromlemese isi tmowie | be seen t hat
t.he 15 sever .0bj-ects .of .the inventiqgn.are achi-eved and other

e:lL vant ag%gﬁél%#néscu 1t énattt%aaitng&.ss\/\ﬁléir?effﬁtarlo eI lelfgrr%nnttgleoffrfjﬁlé: pr esent
inventiomide is required in the simultaneous double side polishing

step due to the further material removal performed in the
finish polishing step.
In view of the above, it will be seen that the
15 several objects of the invention are achieved and other
advantageous results attained.
When introducing elements of the present invention or
the preferred embodiment (s) thereof, the articles "arv,
"an", "the" and "salid" are intended to mean that there are
20 one or more of the elements. The terms "comprising",
"including" and "having" are intended to be inclusive and
mean that there may be additional elements other than the
listed elements.
As various changes could be made in the above
25 constructions without departing from the scope of the
invention, it is intended that all matter contained in the
above description or shown in the accompanying drawings
shall be interpreted as illustrative and not in a limiting

sense.



the preferred enbodi nent(s) thereof, the articles "a", "an", "the" and
"said" are intended to nean that there are 20 one or nore of the elenents.
The termswOonmoui si ng”, "including" and "having" are intpod®dota2ise
inclusive and nean that there nay be additional el enents other than the
listed el ements. As various changes could be nmade in the above 25
constructions w thout departing fromthe scope of the invention, it is
intended that all nmatter contained in2he above description or shown in

t he acconpanying drawings shall be interpreted as illustrative and not in
a limti WMjATs s &TAMIFDD I8t947 PCT/ US01/ 21238 12 WHAT IS CLAIMED IS 1. A
nmet hod of sinultaneously polishing front and back surfaces of a

sem conduct or wafer conprising the steps of: (a) providing a polishing
appar at us havilng a2Anafeshods ofariimad tgareualllyy pdilspbsed feomseand fir st

pol i shing_pad and a secaqnd pol i shi ad, said first pad having a hardness

R oni 11 CoAERy S FaRed Sinan BB APANECE s veded SoUBRAHAd, ) ol acing Sa d

waf er ingthewfrer carrier so that 10 said front surface faces said first

pad and so that said back surface faces said second pad, (c) applying a

pol i shing slurl® t@raviddast aopelérhisg appagatuedhavéngt engafied carrier,

firgt pad and seco (el ai t _SU e into contact
3 g%xgﬁgiégégeggé%grdﬁ%g%%eﬁ F%t&%%ﬂ a %1&%%

with said first p surface 1n contact "with said second
pad for polishing saildshing pad and a second polishing pad, said

first pad having a hardness significantly
greater than a hardness of said second pad,
(b) placing said wafer in the wafer carrier so that
10 said front surface faces said first pad and so
that said back surface faces said second pad,
(c) applying a polishing slurry to at least one of
said pads,
(d) rotating the carrier, first pad and second pad,
15 (e) Dbringing said front surface into contact with
gsaid first pad and said back surface into
contact with said second pad for polishing said
front and back surfaces of said wafer, whereby
less wafer material is removed from said back
20 surface engaged by said second pad and said back
surface has less gloss than said front surface

after polishing.

2. A method as set forth in claim 1 wherein the
first pad is made of polyurethane impregnated polyester
felt material and the second pad is made of poromeric

polyurethane material.



front and back surfaces of said wafer, whereby |ess wafer material is
renoved from said back 20 surface engaged by said second pad and sai d back
surface WeQ0/e®s7 gl oss than said front surface after pol PEHUREY/21238 A
method as set forth in claim1l wherein the first pad is nade of

pol yur et hane i npregnated polyester felt material and the second pad is
made of poroneric pol yurethane material. WO 02/11947 PCT/US01/21238 13 3.
A nethod as set forth in claim1l wherkin the first pad has a roughness
significantly greater than the second pad. 4. A nethod as set forth in
claim 1 whereidn thé meithed padsied Ifesshcdmpedadibile whiggeithéhsecond pad. 5.

A net hod et f i_n } rei.n.t t ro i.ng.incl udes
selectinéﬁgﬁg %%dg?%%ea F%%§¥|§%§¥Q§5%é§lgg%§%§ aF%%ggl ?%g'gﬁfét pad and
the secerdomadpsdch that renoval of material fromsaid back 5 surface of
the wafer is mnimzed. 6. A nmethod as set forth in claim5 wherein the

step of rotating conprises rotating the carrier and the second pad in the

same di recti on at APPSR ES )éetth%o%%'ﬁe invehaght ¥ $8edeitO tHehi m ze the
wafer material renoved from 5 said back surface. 7. A nethod as set forth

i n cl ai milinsttereidn itshé esii compprad sridey ham theasecdnd wesl.nore waf er
material per rotation of the first pad than the second pad. 8. A nethod of
processi ng a sem conductor wafer sliced froma single-crystal ingot and
having front and bagkethwd agesett Fortet Hod ctadpr iswhegrieie sheps, in order,

step of rotating includes selecting the relative
rotational speed of the carrier, the first pad and the
second pad such that removal of material from said back

5 surface of the wafer is minimized.

6. A method as set forth in claim 5 wherein the
step of rotating comprises rotating the carrier and the
second pad in the same direction at approximately the same
velocity so as to minimize the wafer material removed from

5 said back surface.

7. A method as set forth in claim 1 wherein the
first pad removes at least 5 times more wafer material per

rotation of the first pad than the second pad.

8. A method of processing a semiconductor wafer
gsliced from a single-crystal ingot and having front and
back surfaces, the method comprising the steps, in order,
of:

5 (a) lapping the front and back surfaces of the wafer
to reduce the thickness of the wafer and to
improve the flatness of the wafer, the lapping
step creating damage on the front and back

surfaces;



of: 5 (a) lapping the front and back surfaces of the wafer to reduce the
t hi ckness of the wafer and to inprove the flatness of the wafer, the

| appi ng weoepivarati ng damage on the front and back surfRCEPESONVIDRIB2/ 11947
PCT/ US01/ 21238 14 10 (b) etching the front and back surfaces of the wafer
to reduce the damage on the front surface remaining after the |apping
step; (c) sinultaneously polishing the front and back surfaces of the
wafer to inprove the flatness of 15 the wafer and to reduce wafer damage
on the front and back surfaces, the wafer damage renmaining on the back
surfce bei ng @reatedchingn thﬁweflfmfteramhrmg?éi owrieeds off e ederafter

conpl etion of said. gy mysane n{\%ge?)gl %th%of A4 angd-dde finish

polishing the front surface of t he to reduce haze and roughness in
the front surface retmwrfmtafslmf dde tlpesafa extemavi ng a  hi gher gl oss

t han t he back %12:'-;}] 5 n e.LéTH s (;fxroele__ oafn Ny, s ep performed

on the back surface a so perftormed on the ront surface. 9.
The method set fortswrdfaadsaion &Meraeierr tthee istpeqpveoftisd rﬁjllattarwwsffy

gol Jshing the front ¢ nqﬂ Qaeg[k sr{.gft%cets duceme{ |fse S'q c%éarq%“ Ing a pol i shi ng
pparatus having a Wafer carrier general spos bet weén a first
pol i shing pad and &medorchddacshing feads, the wafer damage
remaining on the back surface being greater than
the wafer damage on the front surface after
completion of said simultaneous polishing step;
20 and |
(d) finish polishing the front surface of the wafer
to reduce haze and roughness in the front
surface, the front surface thereafter having a
higher gloss than the back surface,
25 wherein the method is free of any step performed on the
back surface which is not also performed on the front

surface.

9. The method set forth in claim 8 wherein the step
of simultaneously polishing the front and back surfaces

comprises:
(a) providing a polishing apparatus having a wafer
5 carrier generally disposed between a first
polishing pad and a second polishing pad,

(b) placing said wafer in the wafer carrier so that
said front surface faces said first pad and so
that said back surface faces said second pad,

10 (c) applying a polishing slurry to at least one of
said pads,

(d) rotating the carrier, first pad and second pad,

(e) bringing said front surface into contact with

said first pad and said back surface into



(b) placing said wafer in the wafer carrier so that said front surface
faces said first pad and so that said back surface faces said second pad,
10 (c) appby2/my4m polishing slurry to at |east one of saPdr/paai1238d)
rotating the carrier, first pad and second pad, (e) bringing said front
surface into contact with said first pad and said back surface into WO
02/ 11947 PCT/ USO01/ 21238 15 15 contact with said second pad for polishing
said front and back surfaces of sai dl®afer sinultaneously, said first pad
having a hardness significantly greater than a hardness of said second
padlmher eby | ess wefartanit eritdl daiPEacansy aid risrr s ld Huigle swifdace
engaged by said s nd. pad sal.d front surf.ace s. a higher gl oss
t han sai d back sur%gitgoendcafat%(% bgé}ncﬁr{uIstdalﬁfe‘—’louesé1 op]’:ilslas $ﬁ"{f “T0. A nethod as set
forth in claim9 whemailtdheoudliy stsghiall fiassta gaalighnessy s gruddesyy |y
greater than the second pad. ,

significantly greater than a hardness of said

second pad whereby less wafer material is

20 removed from said back surface engaged by said
second pad, and said front surface has a higher
gloss than said back surface after simultaneous

polishing.

10. A method as set forth in claim 9 wherein the
first pad has a roughness significantly greater than the

second pad.



