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sem conductor wafers for processing. BACKGRCI)QI q ‘N—I EI\I‘I’I?\I 10 15 20
Processing of sem conductor wafers (herei naftefacaﬁ e?wv;‘/gfers ) includes a

nunber of heat treatnents at elevated tenperatures to diffuse dopants, to
deposit oxide |ayers and so on. Vertical furnaces are extg m Hmm_to
date for conducting heat treatments during so-called "hot | “ lﬂ i ch
i ncl ude | ow pressure chem cal vertical deposition (LPCVD), errc

oxi dation (ATM and anneal steps. A vertical heat treatnent fur"_ﬁ g%
i ncludes a | adder boat to hold the wafers that are disposed horizontally

and spaced frompPROBID ! fiak eda Ll pHY esid f n be
automgtical |y Imoaded an]?:l unl oa gd%%n&@%tggmiﬁm‘ggﬁélm furnace
by the transfer fork of a robot. FIG 1 is conprised of FIGS. |A and 1.B

whi ch schematically show the top view and the cross-sectional view (taken
al ong CONFI RVATI ON' COPY ' 2 3 JAN 200g

FIELD OF THE INVENTION

The ©present invention relates to the manufacture of
semiconductor integrated circuits (ICs) and more particularly

5 to an improved ladder boat which supports the semiconductor

wafers for processing.

BACKGROUND OF THE INVENTION

Processing of semiconductor wafers ({hereinafter called
“wafers”) includes a number of heat treatments at elevated
10 - temperatures to diffuse dopants, to deposit oxide layers and
so on. Vertical furnaces are extensively used to date for
conducting heat treatments during so-called “hot" processes
which include 1low pressure chemical vertical deposition
(LPCVD), atmospheric oxidation (ATM) and anneal steps. A
15 vertical heat treatment furnace includes a ladder boat to hold
the wafers that are disposed horizontally and spaced from
another in the vertical direction. The wafers can be
automatically loaded and unloaded in and out of the heat

treatment furnace by the transfer fork of a robot.

20 FIG. 1 is comprised of FIGS. 1A and 1B which schematically

- show the top view and the cross-sectional view (taken along
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It is important to notice that with this type of ladder boat
10 the contact zone between a wafer 14 and each of the
dividers 13 supporting it, is a surface referenced S in FIG.
1, substantially a sguare in the present case. Typically, the
30 value of contact surface S is about 6 mm2. In addition,
because the ladder boat 10 is provided with six support rods

12, the total contact surface which is equal to 6xS (i.e. 36

mm2) can be relatively important.



Findlly, because LPCVD reactors include a vacu system t he m croscratches
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are cregl edaéigv%n%ﬁexg pre of the clean wafer by a phenonmena of backsi de
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microscratches. However, ring boats are difficult to fabricate
and rather expensive. Moreover, the contact surface is too

important because it is equal to the whole ring surface.



15 deposi ted photoresi st mask. Such additional operation of rewor ki ng whi ¢h
af fect the manufacturing |ine throughput and the photolithography tool
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wafer during exposure to light. Moreover, the wafer is
20 strongly' distorted by the wvacuum system to put the entire
wafer in the focus plan the most accurately possible. The
distortion force is strong enough to crash particles at the
wafer backside which sometimes remain on the chuck. In this
case, even if we have now to process a wafer having a clean
25 backside, some photolithography defects are created during
exposure of the clean wafer by &a phenomena of bac:..de
cross-contamination. For 300 mm wafer ©processing, the
distortion foxce appiied to them becomes stronger and the
probability to let crashed particles on the chuck
30 significantly increases. ‘AS a consequence of this
contamination, the photolithography tool must be stopped and
the specific cleaning procedure recommended by the tool
manufacturer is undertaken before the tool becomes operative

again in the manufacturing line.



51t is therefore a primary object of the present invention to provide an
~inproved | adder boat that significantly reduces the contact surface between
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at the wafer bacrlglge 01{ 09976 % t hat has becone an_essential process
advance&SFAVEhAM! | PREEFIPRY 13%3Hi GheLPs tWREeANIRG WhHingtt tBE §age)
prgsent whryentri @atkee .provi de an i nproved | adder boat that significantly

reduces the nunber of 5 reworked wafers at the photolithography stage. It
i s another object of the present invention to provide an inproved | adder

boat thahelsRPravesotbeapbnkel | 4H@9ARMP P! paptiicRDYdekptBatANg tihe
necessity of cl ea)g%n %t he vacuum chuck thereof when contam nated. 10
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treatnents co rﬁ(l n%: a. top and bottom pl ates vertically opposing each
ot her af@™P¥EH | &Y i A aShEPi zB8ht aF SWPTEERY onthea 5 RL Y pI &R almsmest ~ Sdispor t

rots af idepetitteds aighd etk hothdsk pl atesht Oadalithenan i BpRiadliowol Wee
t here between and whjch are provided with dividers to suggort said wafers,

wher ei n TEYOF &% iR ¢ deafd ente thor PRBEERGTHEYBYa Y PBFPIERPYE @R&t the
waf er | sheecapRdtoDi8hs65REPhOOr sl t hp-€de is considered as a major

problem by the IC manufacturer. 2As a matter of fact,
photolithography is recognized to be certainly one of the most
20 important step in IC manufacturing to date. No doubt that
continuous progresses in this field the last decade have
resulted in a greater circuit performance by reducing the
dimensional of the devices integrated in the semiconductor

wafer.

25 TABLE I below points out the percentage of reworked wafers in
function of different types of products without and with the

above described wafer cleaning process.



20 According to a significant aspect of 'the present invention, “the contact’
surface between the wafer backside at its periphery and the dividers is
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Applicant's inventors have observed the quality of the backside of a |arge
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fagidaridit | iipe whbhe he, 20tEenvitié ondle | addegrbeabnof deh&itd.
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With the conventional 1ladder boat design of FIG. 1,

microscratches and chipping particles formation 1is impossible
to avoid as a result of the important contact surface between
the silicon wafer and the dividers on the one hand and of
vibrations when LPCVD furnaces are used on the other hand.
Accordingly, many problems can be expected in the subsequent
photolithography steps. As a whole, microscratches and
chipping particles are serious detractors of the manufacturing
vields, the direct cause of the production of bad chips that
are rejected. Therefore, in view of the above, the backside
wafer quality becomes a critical parameter of the silicon
wafer manufacturing. Ladder boats commercially available to
date and wafer cleaning procedures have shown out their
limits. Obviously, the mechanical contact between the wafer
and the dividers of the ladder  boat creates said
microscratches and chipping particles at wafer backside during
wafer loading and unloading operations because the poor
handling system accuracy to load wafers in narrow slots

(standard wafer pitch is .14 inch). Therefore, the solution to



WO 01109926 1 p 2 3 JA N 200g PCT/ EPO0/ 07042 Applicant's inventors have
correlated this non-uniformty with the particular structure of the chuck

"of the photwhigiegeaphy tool. FIGS. 2 _g\nd 3l gsu?sN;ezoﬂg[?\g dipkhrimRpbreauck

designs of 5 comercially avail abl e photolithograp Now turning to

FIG 2, .the chuck 15 of the. Mcrascan I1l. a tool, sql.d hy SVG Ljthography
Syst emEHaN PEBRISET TSR s b¥h A I TEISE | RBCpRaUeRAn bahE R L BF o
ring 16 f haty] ScRhownded odérhd foomh axt eAnbeasivé dedildH asf cenér ahdpads 18.
10 Rin%16 width dl1 is equal to 2mmat the ring circunference except at the
four exX@@si on | ocations where the total width d2 is equal to 5 mMmm The
chuck 19 shown in FIG 3 is a part of the N kon NSR-2205i 12, a

phot ol i t hography tool sold by N kon Corp., 15 Tokyo, Japan has a different
structure. It is conprised of a plurality of annular rings 20, ... having a
width of 2 nmand of three finpiad A% IdPosagd according to an
‘equi l ateral triangle. In both cases, the wafer thus seats down on at | east
one ring 20 (16 or 20, . ) and on a few central pads (18 or 21) dependi ng
the chuck (15 or 19) in consideration. Applicants ~ inventors have remarked
that the areas _of the silicon wafer that are common to both said contact
suPf acels Lecatisgref Rl 3aPTimeays Rietthecbxhbe BPFRESNthelveeion otifid t he
maxi Mg, Bdy 29 NhAr 9RGE-BLEEL S AlHEL AR NhDArdd Gl £6: PP C@Q&%ﬁe‘s nzget ors
have thus designed an inproved | adder boat that™ reduces t'he number o

m cr osceeRedes avuiaRpppetyesar thel 64 likoahwaisrbandy &hef gimidlerspt i ni zed
when t he photolithography tool chuck design is taken into 30 consi deration.
WO 01109926 PCT/ EP00/ 07042 11 2 3 JAN 2004 The inproved | adder boat of the
presentIF nd&ntaRMtheT uebigcdd 95 Fhe MresendoniVertieon EFpGRrAAdmdadB

whi ch rﬁ%ﬁf&(rédeh}éd@é@”]@oé@ptHA’ésti‘BHii‘iEéﬁE_ﬁys%%hh%%@' PHEREEL05 s bi ke
reference nunmerals (with prine) are now used in this drawng 5 to designate
i dfnt | CBicresFraspbrEi S paiPriney PaF i eles oaltl Ghe, wafermgbackside

origi nagbtyiRbrkB8elMREeYEd drdddely RQahqgow referenced 10" is to ensure
that the contact between the wafer backside and a divider is limted to a
segnental or punctual surface S having a significantly |ower value than
Lhe 10 £01 L@SPORJENG: COF RN SYE [ 268 PreAAPPAUSMEId, FLE ghadiie naY

di vider now referenced 13' includes a‘ranp portion so that S con waf er
14 i s stEpraved dagiderp kepthethaheredrces HhAi AP2E Zen@scHh dthe swafere S .
Thi s paa&twlearfé&@pgmﬁ@ﬁ%gobmwéﬂ%bxh@raw&s, &4 S 11y eTUPPRI Eichods 12°°
usi ng a standard 15 grinding machine but witha tilted saw bl ade and novi ng
tHe rodusiéprMytatep until all the slots are formed and then assenbling the
support rods 12' with the top and bottomplates 11' A and 11'B to fabricate
the inproved | adder boat 10'. However, the inproved | adder boat can be

f abri cat&d notReERSD \R&RP eCtheCf o b hgnPHRRENTM PregrtieRr e tas RuMIiGe WiE h
support ifpdeved DREa¥et vEedi Rede Ndddes! ehe afpddt SbEPrPoyesdi bist he
support. rods using a standard grindi ng nmachjne that is nounted inside the

i nt er naPPRSLERe Tfef FRRdShy 1B MWadieds WIRR tHe i8ppsPEeF688. ithen, LEGYRg a
set of gawnBkades having a special 25 profile, such as the saw bl ade 21
shown in FIG 5, the grooves are sinultaneously machi ned again. The saw

bl ades are inserted at the bottomof the slots and then noved downwards

whd e stricl 114 OhabkREr! Q& ot NeHeATY Y OlnvBIM | SN eE caRANR Mid hatk he
- desired angle. As e}ﬂ)arent in FIGS. 4 and 5, the angle '

improved ladder boat that reduces the wafer manufacturing cost

by eliminating the need of wafer cleaning procedures after

each thermal processing step.

It is another object of the present invention to provide an
25 improved ladder boat that significantly reduces the number of

microscratches and chipping particles at the wafer backside



30 defining the saw bl ade profile determ nes the ranp portion profile. In-a
particul ar inplenentation, the length of the divider 13" is equal to 12 mm
and the angk8(9k9 ranp with the horizontal direction is a

val ue of thi's angle 35 whi ch depends of the pitZi3 JANuZB04e Eﬁygt’womﬁan
zero and WO 011 09926 12 2 3 JAN 2004 PCT/ EPOO/ OT042 preferably greater
than 2.thatt fias | REFemENnt 3R | AF SRt bqRHOGEssL Hﬁgamﬁgerhemghgmq%ram

f eat ur ai9aBeSNYADEROPb1 B VARG HIR  kRn afid | M ted Lo three which

suffice to define a plane to support the wafer. As apparent in FIG 4,
these three support rods 12' preferably have a circular section and thus

are 9l ae o |QstscL ObgLashapes oler yedk rom bLa aull il T £aLuahapepan

be envi sioned as Iace as shown
Thi s r etmpedvadnileddefr &uppnrthabd51gn1ﬁummnﬁ1yunedudqsrehacemmﬁhﬂ:amhtact

surface | S0 etri nf.l. vi brations produced
durlng f%%éfﬁg egégg g atd& tl%ﬁ'to%ﬁ#ﬂgéizéﬂgté?%%cured to the top and
bottom plates to inprove the overaII | adder boat rigidity. These t wo
additioggl.rods C revg L & rthmhlle gurln% glther h 15

t enper at tir &% r%%? P S& T i B b&tE8ePh tth?s Eaé’éthe%F -
al | ?w t bmpedued tmmmoatswﬁam:elﬁpro#esa thengbhsooseghegeaphiyhecqxsint act
surface is,_two

ol d reduced.. It IS m.n zed to substan i al
Sogmont P 5iRe 1% CelSRIERRinel thED nerRaRid, o8 FIBARRY | hher SERRIDN of
20 the onubkr thkrgvfipahien codtandrded.t hree |nstead of 5|x in the
conventional | adder boat 10 of FIG 1. The total contact surface is now
represented by 3xS', i.e. 3 mR2 (to be conpared with 36 M®2). Thi s cont act

suilf aceacedudtingn ts athessehéseht aspeeént oh hetldtenmis t @dattiased hean

nunber of mcr scr es 25 _and chipping tlcles and t col d, zones t
the act FUB* PX@ ﬁgeﬁafe n%g HE | ayfer ﬁﬁl of

uni f or rmémcShahlctaﬁrowhee:isnﬁwrt amteﬁneatt w&aﬁméraﬁd&romai s s that this

segnental or SPu ctual ref erabl ornmed 30, outside t

contact area®pet ﬁ gdﬁi ﬁ P8 Vs % EﬁéEBWﬂHHQ%%R%rQﬁﬁg &@}ﬁ? I'n

other mandSpathaeweﬁnpesﬁd@ﬂzdﬁﬁalnaﬂﬁﬁuﬁx&npontact bet ween the zones of
waf er th have beegéln contact with the dig}der during, the thernal

st bs and NP HIFD 2SYPRAKE 2 FGASPA F LR 0#84 3L $BReS™t the
chuck prpﬁbtﬂ r;glama waberdéfineg aphoimt éifopr aphymet epse sdipdtWebs aHd ded.

which are provided with dividers to support said wafers,
wherein said wafer dividers are profiled to have a ramp

portion so that the wafer is seated on a sharp corner thereof.

20 According to a significant aspect of the present invention,
the contact surface between the wafer backside at its

periphery and the dividers is segmental or punctual.

The novel features believed to be characteristic of this
invention are set forth in the appended claims. The invention
25 itself, however, as well as other objects and advantages
thereof, may be best understood by reference to the following
detailed description of an illustrated preferred embodiment to

be read in conjunction with the accompanying drawings.



The ‘rework rate ('per centage of reworked wafers) is given below in TABLE I
~for the sane products as listed in TABLE|. Note 5 that in this case, the

waf er cl eanj ess nmentioned above has not n d because it is
no | onger %@g’é@gﬂg?’/ The backsi de wafe® is cl eazeim?ﬁngé’cﬁi’?@@@ﬂw
processed in the photolithography tool w thout causing any contam nation to
the chuck. 10 TABLE | |IBREBHURERERIBTkEN QAfTHE PBAWENCGC&ge64 MiitsO ~. 2 5

| un64 Moitsl-2.20 unk56 Moits2-4.20 un56 Miits .5 ~. 17 5 ~. m The i nproved

.l adder boat 10' finds extensive applications in the silicon wafer
manuf acturing, in particular for the deposition of the thin Si02 or Si 3N4

pad an ppi NG| S« h Si.gn t iy oved | adder -boat 10
can bed%%%i s?’O%Edgég&?éfégsgt;fhg}eggs&%ctsanﬁelég.'g%ﬂé% ?ﬁf%gcgtlgf%g 5%’83’& I t
wi || bea apparenewt antihesersisis st tiiorale vardw tdfata vacheastrodiali catidess i n
t he desy of the dividers and of the | adder boat descri bed above by
reference To0 FIG 4 nmay be nade 20 . without departing fromthe spirit or

scope of the present invention as expressed in the follow ng clains. 2 3
JAN 20 Clai A | adder .boat, for supporting at |east one sem conductor
wafer ?%#ét hgfn%?h??‘%g%gr@%}yc%?"f%i ﬁ‘g:@c(pa) thgﬁ’ an l’f%tet oﬁiﬁF&F%tatlc
verti cathyckppdsheg emott otber aheé parsfidrel hanalbagi zewitendi regti ene (b)
a pl ur'alit?! gf ﬁﬁggor rgds ecured to said to% and bottom plates to define
an i nt ePRAr°vbF tRBY e “BBLIesh BnMiGHRERRr &Lfrovided with at |east one
di vider to support said wafer, wherein said wafer divider is profiled to
have a #g(gp o_rtiﬁn sg.thﬂL the%wafer i s seated on_a sharp_corner thereof,
the contadt sur PEREMBEFAG MY i TRWS 0Ba SRYn¥AtYorof i F&&di epBSEECBRARIEI rcl e
t hat chuck of a Nikon NSR-2205il12.

10 FIG. 4 is comprised of FIGS. 42 and 4B which respectively show
a top view and a cross sectional view of the improved ladder

boat of the present invention.

FIG. 5 shows a - cross-section of a saw blade having a
particular profile that can be used to machine the support

15 rods according to the present invention.
DESCRIPTION OF A PREFERRED EMBODIMENT

Applicant’s inventors have observed the quality of the
backside of a large -a number of wafers éfter being processed
in the LPCVD furnaces of the wafer manufacturing line with the
20 conventional ladder boat of FIG. 1. This obsérvation was
performed by a beam of oblique light as standard. They have
first discovered that microscratches and chipping particles
are always found at the contact surface S locations and at the
close periphery thereof, as a result of the mechanical
25 friction mentioned above. However, they have surprisingly

noticed that they were not reproducible batch to batch.



I's concentric to the wafer periphery and is spaced therefromto avoid

m croscratches and chi pping particles during said thermal treatnments. 2.
The | adder boat of claim 1, wherein contact suytf.ac RE& n sai d wafer
backsi de atWwpt08/09%26i phery and sai d di viger isi@rﬁ}« ﬁ\ﬁf pUR(CR/ERAO/07842 The
| adder boat of claim1, wherein angle of the ranp in the horizontal

direct '.@ﬁpﬁcgh@akefinb@ﬁc&@lﬁax?e dorPel addar thaat rfopr-wsiiffpomtiitng witheast
one sem conductor wafer for thernmal treatnent cogp in ($? t.0

bot t om Bhat PETEECHIEH | SEBPPEET RgOfadht ot FECKnE grh"ﬁl |Pg}°"1 Jat*r%?
directipgsi(b) a plurality of support rods secured to said top and bottom
plates to éefine an internal volune there between and which are provided
with at | east one divider to support said wafer, wherein said wafer divider

s prof%kgg togh ﬁda 3a PQEE%QEeSOt%Batd§§féréﬁ€erch@cﬁeaiéﬁlﬁﬂsa sharp
cor ner ereof ereln the angle of the ranp in the horizontal direction

i s SaboutoBme5CiFA3Y avedrlBvke WHOEIhi FRAIHIPEY GARLEin at | east three
support rods support said wafer so that the wafer is supported at only

t hree points. 2 3 JA N 2004 15 6. The | adder boat of claim1l or_ 4,

wher ei nNaw Itaastlng'lrée ETSpor2. r 5bie ﬁpﬁf@?ﬂ%alocf viterMigreRgRnt Ad Tnafdr i s
suppor t t | ?#]daq{ﬁ\? éj PRINLDAr eciePapahedi §y an
angl e o?gﬁg %giéh J§$ Eﬁg% 0 mhé?eln Cross- sect|6ha

area f ochaiat teupped bxodghes rers senaR| @foﬁna Qj?t@}ﬁ'lﬂ?]on%i@gl A§ osthat is

f Ir :’ ;ﬁlgﬁiagﬁrg?e gr 66! AN R aLRRenSAHALE 1B €8naCldHRld C_é‘én@f‘&? Mds 18.

10 Ring 16 width dl1 is equal to 2mm at the ring circumference
except at the four extension locations where the total width

d2 is equal to 5 mm.

The chuck 19 shown in FIG. 3 1is a part of the Nikon
NSR-2205i12, a photolithography tool sold by Nikon Corp.,
15 Tokyo, Japan has a different structure. It is comprised of a
plurality of annular rings 20, ... having a width of 2 mm and
of three central pads 21 disposed according to an equilateral

triangle.

In both cases, the wafer thus seats down on at least one ring
20 (16 or 20, ... ) and on a few central pads (18 or 21)
depending the chuck (15 or 19) in consideration. Applicants
inventors have remarked that the areas of the silicon wafer
that are common to both said contact surface S locations and
said rings are the exact zones where they found the maximum of

25 microscratches and chipping particles.

Applicant‘s inventors have thus designed an improved ladder
boat that reduces the number of microscratches and chipping
particles which can be even further optimized when the
photolithography tool chuck design is taken into

30 consideration.



8.  The | adder boat of claim 1l or 4, wherein cross-sectional area for said
“divider is selected froma group consisting of a circular area, rectangular

" area, squar‘;@oamﬁm el liptical area and tr| ang § %mz&gq, Iiﬁ h@gﬂé’foﬁoat

of claim1l or wher ei n cross-secti ohal ar ed er is

m ni mum at the conta i nctlon wWi_t.h |d su ort rod. T dd er boat
of cl ai M &F‘pﬁovﬁgrﬁﬁé Formpri ki ﬁé a‘?’el éaa"%etsl’) Do RHUF PF%RQI :1§61§% (?ﬁ are
not provhdedaew th dividepgited rqd oweGsi gidi Epd rmewhlcﬁlreﬁpecltad@ey boat
of claim1l or 4, further conprising at |east.two addltlogtg}'beﬁrﬁ(‘—)ﬁgf \I\ﬁ %S are
not proFPA¥d @i PRI V-G8 s28Y i S i §PAFEYDRRer ¥OFY ej ch
addi ti opaketefcheimthaAGed(HWetHeorine) |HPOohbw! @Rd 1ih fHhlisddeawdiagt for
sup orting at |east one sem conductor wafer for t hermal treatnent

ri stAg:AeEsgnaF ahdeBbEEBM plGREeSRARGINT ) yPBFESsi AP YEaEREBERSr t8nd
par al l eprn @ horpgonbah ‘E':'rﬁ%q.triaqritty( bd £ acRbURRIIr <  FAIOF t bhRES ndGCUr ed
to said top and bottom plates to ine an intefrnal volunme there between
and whi efgrengedvilddd 14 tUP Aansurstthore Hrei derteetshppyeensihe water,
wher ei npgaid ; af earncfi'é(' detilerPriQf i 66 &y haye 2 doReOdli 88 $RnLRaAR]Sai d
wafer is seated on a _sharp corner thereof, and wherein contact _ surface
bet ween SY&EACKaf &' bAMEIRE 2 | $EIRLFi¢ARELY andOWEFd YRVFPEer thENse§heNt al
Or 1PUNC LGk sBRG dARGS eécshéaeé $RGFRRIA! 5 OF ApUNE LAt fONt ACtF IS, PET f @heed
outside the contact "area between the wafer_ backside and the wafer support
zones ofesn ddvddarodion ixeienrnced B3 phbroludasgraphyrt Bertienpso that

subsequentlyised iaddie egurise gbatherad AUl | RErnehFadReADE AR
. A9. A3. A59. A33y. A, . Ay, - =>X06RUX

kI zzupk PN cgﬂ:(,dc ;ﬂqgg]qgﬂ Cg}}@fw CS’ This particular shape can be
a] caU] calraliled ¢hpleBal o ol sal cal calisadral sahsavbeatkeal] eaktsalheal c(al
caLg cal ca zBkS an}<STV

| USRI 00 R 1 B8\ W]tca']:e%%U] saltd(&grc a3v] Papes]) ¢ aPp¥ERE ( &BFca) ca
U] ca] cal ¢ calepl calkeql cabl e8] c{rl cablbcal tad salaad C§E’Lﬁéd and then
X% & ++++1, 7, --. g/ >0011VI223H4] 455(670/(737L7X7Z7\ 7g7zuoj e ZU c(alU]ca]ca]ca]c
aU] ca] cEasemddng] the cerqra] ade al 2 4] ¢hth chheaf o] eafc BPs&pEapearesy] ca]
c(aU ca]calcakedy 91y 7E8899K mhrsisieatiie =t hED BhorGEap K KN Iz uape_ZU] ca

] caU] ca] ca] cal] ca] c( aJ cal] ca] cal ca c&aU] caj ca ca ca] cal ca] ca] ca] ca] c(a] caUy

ca] ca] calanavsy] cafFba] dameavad QoSS YiSeedppppthet) || 7|
wr gpc” Yieal cahal €& can g absed 6al ﬁﬂ‘éél:célréalaﬁélaﬁﬁh%é] caa};ﬁak@@b%%cg«baal cajc
&a] ca] cal ca] cal ca]ca] ca] c(a] ca]cal cal " U [ RbbcOcccccddef\\ ] ]| w
r mhc”Y] caljl%l] af&]tca]a@é]:éea a] ca}pea] e&pc :e%afca%%qhéa?@a}car-ba] calc
a] Cal Ca]é?fﬂ d & Eﬁ%cé a]sﬁaﬁhgérd I.E"J;.Edﬂ:ﬂ FEmErhine that is mounted
b R T o D e

support rods. Then, using a set of saw blades having a special
25 profile, such as the saw blade 21 shown in FIG. 5, the grooves
are simultaneously machined again. The saw blades are inserted
at the bottom of the slots and then moved downwards while
still rotating to create the ramp portion mentioned above with
the desired angle. 2As apparent in FIGS. 4 and 5, the angle
30 defining the saw blade profile determines the ramp portion

profile.

In a particular implementation, the length of the divider 13°
is equal to 12 mm and the angle of the ramp with the
horizontal direction is about 3°. The value of this angle

35 which depends of the pitch P’ must be greater than zero and
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Another significant feature is the number of support rods 12°
now limited to three which suffice to define a plane to
5 ‘support the wafer. As apparent in FIG. 4, these three support
rods 12' preferably have a circular section and thus are glass
cylinders (other shapes derived from this cylindrical shape
can be envisioned as well). Support rods can be placed as
shown in FIG. 4. This reduced number of support rods in turn
10 not only reduces the contact surface but also the detrimental
influence of the vibrations produced during LPCVD steps. Two
additional rods 22 can be secured to the top and bottom plates
to improve the overall ladder boat rigidity. These two
additional rods can reveal to be worthwhile during either high
15 temperature treatments or during LPCVD steps because in this

case they allow to reduce the contact surface S’.

As a final consequence, the -contact surface is two fold
reduced. It first is minimized to substantially a segmental or

a punctual surface (represented by S’) and by the reduction of

20 the number of supports rods to only three instead of six in
the conventional ladder boat 10 of FIG. 1. The total contact
surface is now represented by 3xS’, i.e. 3 mm2 (to be compared

- with 36 mm2). This contact surface reduction is an essential
aspect in the attempt to reduce the number of microscratches

25 and chipping particles and the cold zones at the active face

of the wafer to improve deposited layer thickness uniformity.

Still another important feature of ladder boat 10’ is that
this segmental or punctual contact is preferably performed
30 outside the contact area between the wafer backside and the
photolithography chuck. In other words, whenever possible any
mechanical contact between the zones of the wafer that have

been in contact with the dividers during the thermal steps and
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The rework rate (percentage of reworked wafers) is given below

in TABLE II for the same products as listed in TABLE I. Note
5 that in this case, the wafer cleaning process mentioned above
has not been performed because it is no longer necessary. The
backside wafer is clean enough to be directly processed in the

photolithography tool without causing any contamination to the
chuck.

10 - TABLE II

Product Reworked wafers percentage
64 Mbits 0%
.25 um
64 Mbits 1-2 %
.20 um
256 Mbits 2-4 %
.20 1m
256 Mbits . ) 5%
.175 um

The improved ladder boat 10’ finds extensive applications in
the silicon wafer manufacturing, in particular for the
deposition of the thin Si02 or Si3N4 pad and capping layers.
15 Other designs of the improved ladder boat 10’ can be
envisioned as far as they respect the general rules stated
above. It will be apparent to those skilled in the art that
various modifications in the design of the dividers and of the
ladder boat described above by reference to FIG. 4 may be made
20 without departing from the spirit or scope of the present

invention as expressed in the following claims.

#
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particles during said thermal treatments.

2. The ladder boat of claim 1, wherein contact surface between said wafer backside at its

periphery and said divider is segmental or punctual.

3. The ladder boat of claim 1, wherein angle of the ramp in the horizontal direction is greater
than about 2°,

4. A ladder boat for supporting at least one semiconductor wafer for thermal treatment
comprising:

(a) top and bottom plates vertically opposing each other and parallel in a horizontal
direction;

(b) a plurality of support rods secured to said top and bottom plates to define an internal
volume therebetween and which are provided with at least one divider to support said wafer,

wherein said wafer divider is profiled to have a ramp portion so that said wafer is seated on a

sharp corner thereof, wherein the angle of the ramp in the horizontal direction is about 3°,

5. The ladder boat of claim 1 or 4, wherein at least three support rods support said wafer so that

the wafer is supported at only three points.
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11.  The ladder boat of claim 1 or 4, further comprising at least two additional rods which are not

provided with dividers to improve rigidity thereof, and wherein each additional rod being placed

between two support rods.

12. A ladder boat for supporting at least one semiconductor wafer for thermal treatment
comprising;

(a) top and bottom plates vertically opposing each other and parallel in a horizontal
direction,

(b) a plurality of support rods secured to said top and bottom plates to define an internal
volume therebetween and which are provided with at least one divider to support said wafer,

wherein said wafer divider is profiled to have a ramp portion so that said wafer is seated on a
sharp corner thereof, and wherein contact surface between said wafer backside at its periphery and
said divider is segmental or punctual, and wherein said segmental or punctual contact is performed
outside the contact area between the wafer backside and the wafer support zones of an electrostatic

chuck of a photolithography tool to be subsequently used in the course of wafer manufacturing.



