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Met hod for machining a sem conductor wafer on both
sides in a carrier, carrier and a sem conductor wafer:
produced by the nethod 5 The invention relates to a
nmet hod for nmachining a sem conductor wafer which is
guided in a cutout in a carrier while a thickness of
the sem conductor wafer is being reduced to a target

t hi ckness by material being renoved froma front
surface and a back surface bf the sem conductor wafer
si mul taneously. A 10 nethod of this type is used in
particular for the double side polishing and | apping

of sem conduct or : AnBALEL ST wd feized bbenhoidks in a
Meé:rl?ﬁ’dgg]f’aemg?ﬁ BHS oﬁ%éﬂéemnconduct%r vaf er duyri

g .
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‘cutout of the carrier in Jicdythe sem conduct or

wafer lies during 15 nmachining is lined with an

inlay. A carrier of this type is fornmed by a carri erd

bod 20Rethod afor Acebriding & osemiconductor
Theug%',eﬁgg?%g%la%tﬁsfﬁgt machi ni ng. the sem.conduct or,
wa faaf ericlegis rasidechdadd FRECHhI thehédporti on 1h 1 he
eni8Y885E o0} @ & i rihie cobi oknes siofocting rafayed 4 &
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2nalgeSea bRt denrofe T amhe eepitbeduntay WifeghpdRuigaggously. A
| east _20 mthicker_ than the_ihickness ©f- 2Bet 88uble side
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pol@@h{.}b@faxb@d%/aﬁp’ﬂm roes eamgngnﬁ’écﬁmg "(ﬁfr:z:g ghéarzir 1s
chining of .the senj.c t Qfe VEERT icghrwost sl during
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th,0f pPepeidAtiOf, aref thheasemaonduct dnlwaf er

forﬂ%taog{he pol I shi ng&%l oth are matched to one anot her

35 according to the inequality T-2Xct<T+2x. The
AccBBhibgd £anubes, sk, idntréngahkehinmgrddu gemiconductor

sem conduct or waf er.s..whi.ch o} A N Ch@8Sedge region
wafegcergniand ?rp%‘fcﬁlkae 5%%??(%ﬁiegrﬁg§§%/ﬁt front ° ?
wheSUEhacencarndes gehertat dadilby , sabsaqiesitl siqigMeas; daecomnes

poljshipg. lt.] i he £9trtbe wegpnds inposed on
lesﬁhEhT‘Pa?ﬁ%s'h%cf}§I% esgfo:%%th surface of a semi conduct or

waf er as far as possible also to be satisfied in the
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negati ve deviation froma reference plane is
wafg&termi ned, the reference plane being deternined for
each site by error square mnimzation. The SFQR'
val ue ite Frontside Sit.e- l88uble side polishing
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el ectroni c conponents. In accordance with a first

,aspect, there.is provided, a nethod for machining a
sem conductor wafer which is guided in a cutout in a
carrier while a thickness of the sem conductor wafer



3 inlay used to Iine the cutout in the carrier to

protect the sem conductor wafer. The primry

application area of exanple enbodinents is the double

side polishing of sem conductor wafers, in particular

of wafers which partially orzconpletely consi st of

silicon. Exanple enbodi nents®also relate to a

sem conduct or wafer which has been polished on both

sides and has a front surface, a back surface and an
usaihe iRtas weléd, aso el Bbaipesduaivn Wefpronghich are
ccgrhgafv%c?n g¥ §§S§€§9:JT%§1 §P1g:§_n w]rﬁfcl'l %Sﬁat_’gii@umrynf%‘:hfront

edge exclusion o nm and 'ess than~11
SPifmoR cANahe @@te@tedubbfoﬁumewentl Sﬁfﬁgl? heie @@tlaﬁhéng
bei ng based on a grid with a site area of 26 * 8 mm
Sem conductor wafers with a djaneter of at |east 20
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CIHPA'LEF1 er, which |ikewise forms part of the
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Further details of exanple enbodi nents are descri bed

bel ow based on the exanple of the double side
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& cafried out on exi sting installations and using
thdxikeri hgameshods for the doubl e side polishing of

sem conductor wafers. The installation my be

designed for one or nore carriers. On account of the

i ncreased throughput, an installation for a plurality

of carriers is preferred, as described for exanple in

DE- 100 07 390 Al, and in which the carriers nove on a

pl anetary orbit around the center of the

installation. The installation includes a | ower and



surface) can be provided with structures 10 which are
arranged in the formof a pattern of orthogona
trenches (XY-pattern), a rhonboid pattern, a strip
pattern, a pattern of radially diverging rays or an
alternative pattern. The depth of the 30 structures
10 is preferably in a range from1l to 200 gm wth
the range from20 to 100 m being particularly
preferred. The width of the structures is preferably
inlayausadgeo fxiorm Gh2 mtoet 10 e whrhiethdoa pngeett dme

to 5 mﬂ el rticularly preferred. 35 The inl ays
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a lfodye avea I 14 ckrfedges of the group of carrier
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to 10 nm particularly preferably 2 to 4 mm It is
al so preferable for the carrier body, for the

Exaiepese8bed ineRitovdd BaRarng ofhe KE SCRVaYY Forhdwo
cobbetibed ed R® be satisfied simultanecusly in order to be

able to achieve an excellent local flatness even in the edge
region of the front surface of the semiconductor wafer.
Firstly, the machining of the semiconductor wafer on both
sides must lead to the machined wafer being thinner than the
carrier body. The thickness difference (target thickness of
the semiconductor wafer - thickness of the carrier body) is

preferably in the



circunference of the cutout, particularly preferably

with a dovetail profile. To produce the inlay, by way

of exanple, 35 plastic is injected into a shaping

nol d, which is preferably designed in such a manner

that the plastic conpletely fills the spaces

predeterm ned by the profile and forns a snooth inner

7 edge 6 which protects the sem conductor wafer,

which is susceptible to breakin%, during polishing
rege alfseon erfslr 88 thathsi t Prefefeblpuline dhe n“ Pend AT t He to
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réel e Wis, poldishes. to a target thickness which is
| ess than the thickness 20 of the carrier body 3 and

greater than the thickness of the inlay 2. The
ridi ckresssdifbeaence tdr getyphizknessiefr wheh cutouts for

em conductor wafer. - .thick of the carrier body)
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Fireflesably &nosmldrgesl B tmil 28] Thet sidegsshef rehetive
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.de ipQLlSBhAgsh: Shldikad et ebs Mbtledn GH@T?&:QP af
]m%%% ﬁh1§¥d a s?ar%ing t hi ckness of 800 to 80 gﬁfonng

PlteSnst al | ati on of Type AC 2000 produced by Peter
Wl ters (Rendsburg). 8 grinding, etching in a
concentr at ed nig%ure of.thric aci d. and hydr

h fluaric
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ugpoly ereshane Ip@ﬂlfscﬂﬁ rﬂ'gfm:!téIGhdSUbéfﬂ n$o¥e ap Mistiing of
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was, 38C. The front_ surface oL.%he 10(§;I|co%mwagerf the
HES TR FAVS Base PTG PoRdrd t RESTEher poiT shing
irptatléation. The installation includes a lower and an upper
polishing plate, which can rotate freely in the horizontal
plane and are covered with polishing cloth. During the
polishing, the semiconductor wafers are located in the cutouts
in the carriers and between the twc polishing plates, which are
rotating and exert a certain polishing pressure on them while a
polishing abrasive is supplied continuously. The carriers are
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Three groups of carriers (Types 1 to 3) were
avai |l abl e for the polishing. The carrier bodies of
all three types of carrier were made from stainl ess-
chrom um steel and had a polished surface, the set of
carriers of type 3 additionally being coated with
DLC. The carrier bodies each had three circul ar
cutouts arranged at regular gntervals on a circular
path and |lined with plastic inlays. 20 The | oca
flatness of the front surface of the polished
sem conduct or wafers was determ. ned uysing an. AFS 3220
CREF R I DyFSADED FETAST ¢ o B S fvrlenrgaﬁ%na,mdmﬁ
whédes catidrereshgabieTypet2eandord ther eidesnfaednéa of the

ca rclm:eol,rsdance with the invention. In-the case of the
carriers of Type 1, the thickness difference

(thickness of the carrier body - thickness of t he
Fid NlABhWAS d Blanr ange whiLhydiemiovhsirdert hath cavenad 1

y the invention, The lLocal f| atness O&é
toR e B en Eral Pant ety atedSor ripefe {elifftience of
the Gy yprien inhaysad ewlicls emiec gmdgated Waferatect the
edfUPBICatd ReAGeOhdaREST Wid fktd)e whAvanki@Nsusceptible to

L T R T
caiRaiege ooty Bhefbeseartibenduzady 3nwaker s fauseremig edonsist of
e e e AL DE Tt g T oee Thon be800 b
Whjg’th g’ﬁseg}%’%e%’?ﬁg?o‘ﬁiw EF%QStZi%rah’gtgtéa lae'ﬁ‘@"ééj"olike
camxgl Usiver dDLR 1dyem . Tableorel:, itTypepREkerddb&ErtalEse

st A ALYG 3 EIRIBY 2p e FLRIPY) stainless chromium steel. The
cutouts 1 are preferably designed to hold an odd number of
semiconductor wafers with a diameter of at least 200 mm, -
preferably 300 mm, and thicknesses of from 500 to 1000 um.

Itris also preferable for the surface of the carrier bedy 3 to
be structured on the front surface, the back surface or both
surfaces of the carrier beody, in order to promote the
distribution of the polishing abrasivé between the carrier
body, the semiconductor wafer and the upper and lower polishing
cloths. Instead of or in addition to the openings shown in Fig.
1, the surface 4 of the carrier body (front surface and/or back
surface) can be provided with structures 10 which are arranged
in the form of a pattern of orthogonal trenches (XY-pattern), a
rhomboid pattern, a strip pattern, a pattern of radially
diverging rays or an alternativeée pattern. The depth of the
structures 10 is preferably in a range from 1 to 200 um, with
the range from 20 to 100 um being particularly preferred. The
width of the structures is preferably in a range from 0.2 mm to
10 mm, with the range from 2 to 5 mm being particularly

preferred.

The inlays 2 preferably consist of a plastic, such as polyvinyl
chiloride (PVC), polyethylene (PE)}, polypropylene (PP),
polyamide (PA), polystyrene (PS), polyvinylidene difluoride
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(PVDF), aramide or other polymers derived from
fluorohydrocarbons. It is particularly preferable to use PA,
aramide and PVDF. The inlays should be regularly replaced, in
particular when they have been worn down to a certain level.
They can be fixedly or releasably connected to the carrier body
and for this purpose can, for example, be laid, adhesgively
bonded or injection-molded into the cutouts. It is also
advantageous for the inlays to be regularly cleaned using a

cloth.

The polishing plates of modern installations have a sufficient
area for it to be possible for three or more, preferably five
carriers to be placed on them. The thickness of the carrier

body and the thicknesses of the group of carrier bodies used in
one polishing run should be as uniform as possible. Therefore,

" the thickness variation of the carrier body measured for

example with the aid of a sensor carrying out a measurement at
13 points is preferably not greater than 5 pm, particulaxly
preferably no greater than 2.5 pm. Within a group of carriers,
the mean thickness, formed from 13 measurement points of the
carrier bodies, should preferably vary by no more than 3 pum,

particularly preferably by no more than 2 um.

As can be seen from ?ig. 2, between the semiconductor wafer W
and an adjacent inner edge of the inlay 2 there is a gap 5
which allows the semiconductor wafer W to move freely within
the cutout 1 and is preferably 0.1 to 2 mm, particularly
preferably 0.2 to 1 mm wide. The radial widthrof the inlay 2,
measured from the inner edge 6 to the outer edge 7, is _
preferably 2 to 10 mm, particularly preferably 2 to 4 mm. It is
also preferable for the éarrier body, for the purposes of-
improved bonding of the inlay, to be profiled at the
circumference of the cutout, particulafly preferably with a

dovetail profile. To produce the inlay, by way of example,

plastic is injected into a shaping mold, which is preferably

designed in such a manner that the plastic completely tills the

- spaces predetermined by the profile and forms a smooth inner
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" edge 6 which protects the semiconductor wafer, which is

susceptible to breaking, during polishing and alsc ensures that

it is not pulled in between the carrier body 3 and one of the

polishing plates.

Fig. 3 illustrates the feature required for the invention to

succeed, whéreby the carrier body 3 is thicker that the inlay

'2, the thickness difference amounting to 20 to 70 um,

particularly preferably 30 to 60 um. It is also preferable for
the inlay 2 to be arranged centrally, resulting in equal

distances from the upper and lower polishing plates (8, 9). It

is, however; also possible to deviate from this arrangement, in

particular if the alternative arrangement brings about
advantages, as maytoccur for example when polishing
gsemiconductor wafers with an asymmetric edge profile. Fig. 3
shows the situation in which the semiconductor wafer W has been
polished to the target thickness and the polishing is ending.
According to the invention, the semiconductor wafer W is
pblished to a target thickness which is less than the thickness
of the carrier body 3 and greater than the thickness of the
inlay 2. The thickness difference (target thickness of the
semiconductor wafer - thickness of the carrier bedy) is

preferably less than 0 to -6 um, particularly preferably from
-1 to -5 um. '

The success of the invention will become clear from the

comparison with the prior art presented below.

The comparativé-examples‘(c} and examples (E) relate to the-
double side polishing of silicon wafers with a diameter of 3C0
mm and a starting thickness of 800 to 805 um on an installation
of Type AC 2000 produced by Peter Wolters {Rendsburyg) .

The silicon wafers were produced in accordance with the prior

art by wire saving of a single crystal, edge rounding, surface
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grinding, etching in a concentrated mixture of nitric acid and

hydrofluoric acid and edge polishing.

A commercially available polyurethane polishing cloth
reinforced with polyethylene fibers, having a Shore hardness A
of approx. 80, and a polishing fluid with an Si0; seolids
content of 4% by weight and a pH of 11 were used for the double
side polishiﬁg. The contact pressure of the polishing plate was
0.15 bar and the temperature was 38°C. The front surface of the
éilicon wafer was in this case facing toward the lower

peolishing plate.

Three groups of carriers (Types 1 to 3) were available for the
polishing. The carrier bodies of all three types of carrier
were made from stainless chromium steel and had a polished
surface, the set of carriers of type 3 additionally being
coated with DLC. The carrier bodies each had three circular
cutouts arranged at regular intervals on a circular path and

lined with plastic inlays.

The local flatness of the front surface of the polished

semiconductor wafers was determined using an AFS 3220 produced

by ADE.

As can be seen from Table 1, only the carriers of Type 2 and 3
were designed in accordance with the invention. In the case of
the carriers of Type 1, the thickness difference (thickness of.
the carrier body - thickness of the inlay) was in a range which
lies outside that covered by the invention. The local flatness
of the front surface was in the regquired range of SFQRupax less
than 50 nm only in the case of semiconductor wafers produced in
accordance with the invention. Furthermore, a back surface
referenced global flatness, expressed as GBIR (Global'Backsidé
Ideal Range) of these semiconductor wafers was measured using a

measurement appliance of Type AFS 3220 produced by ADE. It was
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769 717 52 +3.3 58 146 0.38+ 0.03 E4 3 773 724 49
-4.8.45.114..0.77+ 0. 04 E5.3.773 724 49 .-4.0 -

less than 0.800 um both at an edge exclusion of ‘R - 2 mm and at

an edge exclusion of R - 1 mm.

Table 1:
Type |drsx  |ds drex-dp |dz-drsk | SFQRmax’ | SFQRuax |GBIR
fpm) |fpm] | [pm] | (um] [nm] {num] [pm]
c1! 1 |789 770 |-1 -1.7 83 101 1.03 £ 0.13
c2| 1 |769 |768 1 -1.1 63 82  [0.75 + 0.06
c3 | 1 {769 {768 1 +3.8 50 72 0.52 %+ 0.03
El | 2 |769 |717 52 -3.0 42 82 0.75 + 0.06
E2 | 2 (769 |717 52 - -2.1 44 72 0.51 + 0.06
E3 | 2 (769 |717 52 -0.1 48 103 0.35 + 0.03
cal 2 {769 |717 52 +3.3 58 146 0.38 + 0.03
E4 | 3 |773 |[724 49 -4.8 45 114 0.77 + 0.04
ES i 3 {773 |724 49 -4.0 42 112 0.57 + 0.02
cs | 3 |773 |730 |43 ~7.0 57 - -- 0.80 + 0.04
ce | 3 |773 |730 (43 -8.0 61 -- 0.73 + 0.03

The GBIR values are identical for an edge exclusion of 1 mm and

2 mm.

‘The abbreviations used in the table have the following

MEanings:

Arsk: thickness of the carrier body

dp: thickness of the inlay

ds: target thickness of the silicon wafer

SFQORmax : local flatness at an edge exclusion of 2 mm, 336 sites
(full ana partial sites) and a site area of 26*8 mm;

SFQRmax : local flatness at an edge exclusion of 1 mm, 342 sites
(full and partial sites) and a site area bf 26%8 mm;

GBIR (Global Backside Ideal Range): global flatness at an edge

exclusion of 2 mm.
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10

In addition to the local and global flatness, the geometry in
the edge region of the semiconductor wafers was also examined.
This was done using the measurement appliance NP1l 3060 mm
produced by KLA Tencor. In this measurement method, 360 radial
cross sections are calculated from the center of the silicon
wafers at intervals of 1°. The radial cross sections are then
divided into 4 sectors, and the mean of the %0 radial cross
sections per sector is determined. Theréafter, a third order
reference line is calculated for each sector for the range

R-5 mm to R-35 mm. The deviations between the mean radial cross
section and the reference line are determined at positions

R-3 mm, R-2 mm, R-1 mm.

The deviations from the reference line can be indicated with
respect to the front surface (measurement of the front
surface}, with respect to the back surface {measurement of the
back surface) or with respect to the sum of the deviations with
respect to the front surface and the back surface (thickness
measurement). In the measurement, deviations with a positive
sign indicate an edge roll-up, while-déviations with a negative

sign indicate an edge roll-off.

The deviations in the mean crosé section measured at R - 2 mm
from the reference curve (thickness measurement) were within a
range of —60.40 gm to —-0.003 um. In the case of the front
surface, the deviations at R - 2 mm were in the range from
-0.030 um to 0.050 um. For the measurement of the back surface,

the deviations at R -2 mm were in the range_from -0.070 um to

0.030 pm. -

The deviations between the mean cross section measured at R -
1 mm and the reference curve (thickness measurement) were
within a range from -00.20 um to —~0.070 um. For the front
surface, the deviations at R -~ 1 mm were in the range from

-0.050 um to 0.040 um. For the back surface measurement, the



The GBIR values are identical for an edge excl usion
of 1 mmand 2 nm M The abbreviations used in the
tabl e have the foll owi ng nmeani ngs: dl sk: thickness of

.the carrier body de: thickness of the inlay dz:

target thickness of the silicon wafer SFQRma2: _|oca
flatness at an edge exclusion of 2 mm 336 sites
(full and partial sites) and“a site area of 26*8 mm
SFQR, m 1. local flatness at an edge exclusion of 1
mm 342 sites (full and partial sites) and a site
area of 26*8 mm GBIR (d obal Backside |Ideal Range):

degh obdnd |t Bess 1atmareedgen 2thexcings dronf —2. AP M (O

1n addition to the local and gl obal flatness, the
0-428

nEtry in the edge region of the seniconductor

waf ers was al so exam ned. Thi.s was done using the
nmeasur enent appliance NP]. 300 nm produced by KLA
Tencor. In this measurenent nethod, 360 radial 5
cross sections are calculated fromthe center of the
silicon wafers at intervals of 1. The radial cross

" sections are then divided into 4 sectors, and the

mean of the 90 radial cross sections per sector is
determ ned. Thereafter, a third order reference line
is calculated for each sector for the range 10 R-5 mm
to RR35 nm The devi ations between the nean radia

- cross section and the reference |ine are detern ned

at positions R3 M R-2 nmm R 1 mm The deviations
fromthe reference Iine can be indicated with 15
respect to the front surface (nmeasurenent of the
front surface), wth respect to the back surface
(measurenent of the back surface) or with respect to

" the sum of the deviations with respect to the front

surface and the back surface (thickness neasurenent).
I'n the nmeasurenent, deviations with a positive 20
sign indicate an edge roll-up, while deviations wth
a negative sign indicate an edge roll-off.



The deviations in the nmean cross section neasured at
R- 2 mfromthe reference curve (thickness
nmeasurenent) were within a 25 range of -00.40 pmto
-0.003 m In the case of the front surface, the
deviations at R- 2-mmwere in the range from-0.030
mto 0.050 pm For the neasurenent of the back
surface, the deviations at R-2 nmwere in the range
from-0.070. pmto 0.030 pm p, 30 The deviations
bet ween the nean cross section neasured at R- 1 nm
and the reference curve (thickness neasurenment) were
within a range from-00.20 mto -0.070 pm For the
front surface, .the. L ati - ReorlyfR b8 chnid hided in
ra]rrgédei 8th & Fﬁ.cgégf%#na;{ gggig%dpm For the back cor wa-
suf feateulreas ur ememier tHel 1018 GRYFERIENSE ath RSN CRpcto”
were i o -0 .088=0 £10.kn@36 Wy matBridl being re-
Ne{%ro&gf-%gfﬁgcﬁl m‘:fﬁg Jga)sée)m' é&%nd ctar water. Wy Ghoi Semicondue-
guikdesd! ifom @ UirOR: ﬁHr%\a‘*c%\raﬂdeF‘u%cﬂf &5 % i ckness of
thh@oligmfﬁeggiﬁk@fan\éaﬁ@%y siHeekly tleducedcepluptosr yefer 15 ma-
thi ckness by material ,being,remyv I r i cker than
SETee Bk Hack ShiRaEe BT Rt ahetohaty [ eoich
si 4l ARGOUSLY  tovanei nhe hersem Sonthfc Cortipe o pEotect the
- machined until it_.is thinner than a carrier body and

t FFEKSPERER° RN 3y used to |ine the cutout in the
carrier to protect the sem conductor wafer. 2. The

e h%%m?%e%kgﬁrggjAﬂ&iﬁEéiﬂ%?ﬂldﬂﬂﬁﬂ?iﬁhdﬂ@in the gemiconductor
sem C er

“onductor. wafer 1s_machined until th fference
Phwpbtmeenreneited ga-EhFEk FFOER TS g’r%ggéén%l ut?t%o FArget

waf el gt Be thi cdergssnahicthe wederi and boey thickesp of the
?h.< 0. 3. The rrsﬁhod a§ cLad'rred inclaiml or claim

2, capieres Rof¥etSeni ¢BhdulPor Wafer is machined until
material with a thickness of at |east 5 pm has been

repgoved. 4, The Qd asnclaiied bh engnob, chidrsinl the
togg,ﬁbﬁw&eipﬁgt%%%% conductor wafer is rrail'wi Jr_l,gyg . thickness
t ogEbhEmAlcth T oV REST SeniesRinRd S e BF UG Y E set

of JfaLy I 8:St B WhiKkd: dMpapehdirekness of the carrier

bodi es varies by no nore than 3 pm

4. The methed a2s claimeéd in one of claims 1 to 3, wherein the

semiconductor wafer iz machined togethex with other semiconduc-

tor wafers using a set of carriers in which a mean thickness of

the carrier bodies varies by no more than 3 pm.



