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CONTROLLED EDGE THI CKNESS I N A SI LI CON WAFER
Technical Field The present invention el ates
to a silicon wafer with controll ed edge thickness and
a 5 method for manufacturing the wafer. Background

An el ectronic device may be fornmed on a silicon
wafer, e.g., a power device, such as a trench power
MOSFET in an epitaxial |layer on the silicon wafer.
Such MOSFETS are typically designed and nmanufactured
to nmeet certain specifications for a maxi num "on" 10
resistance Rdso g and a m ni num breakdown volta

(BV). AGRN E TRICKAB SN AR EHGOMNY.

t he thickness of t he epitaxial |ayer. Crdlnarlly,

t hi ckness is the subject of close nonitoring during
waf er processing, with specifications allow ng no
more than 5% variati on fFefmialBeldet val ue. The upper
and lower limts of the variation ordinarily differ

by 1R &R REFER tANEs I PTLERLWLRF G8L c¥ALdIRA edge thickness and a
Furthernore, thickness is specified as unif orm%

L During devi ce processing,
ot (Zr?& ac1Ffa%Lg%btha§%r trench etch depth, polysilicon

gate deposition, and |ithggraphi deflnltlon tend to
“be non-uniform across. theﬁa%%&@éurf ace, and al so
affect BV withipn a giv regi on. . Sunmary 20The
pr ed¥hlegiiodd ¢y ise énweotn Fosck Qe SRR, RRTSE, G @rboweh device, such as
nmet hod for 5rodu0| ng the wafer where the thickness of
2 frRechepsivren N SFEByeranue@ﬂ@@ﬂt leyyir| aadtbel siicag wafsc Sueli MOSFETS are
to increase or
typically designed and ma.nufactured to meet certain specﬁicanons for a maximum “on”

resistance (Rdson) and a minimum breakdown voltage (BV). A wafer parameter that affects
Rdsoﬁ and BV is the thickness of the epitaxial layer. Ordinarily, thickness is the subject ef
close monitoring during wafer processing, with specifications allowing no more than +5%
variation from a target value. The upper and lower limits of the variation ordinarily differ by
the same percentage from the target value. Furthermore, thickness is specified as uniform
across the wafer. |

During device processing, other factors, such as trench etch depth, polysilicon gate

deposition, and lithographic _deﬁnition, tend to be non-uniform across the wafer surface, and

-also affect BV within a given region.

Summm
Tﬁe present disclosure is directed toward a wafer, and a method for producing the
wafer where the thickness of the ep'itaxial layer is controlled during processing to increase or
decrease the ﬂﬁckness in the area adjacent the edge of the wafer as compared to the area

adjacent the center of the wafer. The target value for the thickness mﬁyrbe raised or lowered
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decrease the thickness in the area adjacent the edge
of the wafer as conpared to the area adjacent .the
center of the wafer. The target value for the

t hi ckness may be raised or lowered in the area

adj acent the edge, either in a single step or in

mul tiple steps proceeding out fromthe center of the
wafer. In such cases, a chart of the thickness of a
cross-section of the wafer passing through the wafer
center will have a bow -shape extending down from a

- W8 BreX Al Q(fean{ ﬁeteﬁge %P:ﬁé ﬁgkﬁgﬁ@&p P& ﬂnﬂ%@le%%@ pi'd%eédﬂ% out from

CTOSS S Oow pol n he center of

ﬂ}eﬁ i grr égh N gl' hsue}ﬂ%ﬂ% %E oé'glgz tﬁl@ﬁ}egé #u &%s%oﬁdﬁ of the wafer
. T
a5ti88 dsp e e sl SeHE ‘%3}@"??1 HLAO0 %8 R0 from o high value

in the center of the wafer. - - ‘Process paraneter

. infhgarbeadiejenishe s fordee yhe FRSSHSER to R4 §pITE e conter of the cross-

epitaxial layer to control the thickness as
sedtias; andbatk up Go the high vaduean diergeatadjacent thesightsdaedn ﬂmfcross-sechon
the present invention, there is provided a silicon -
Tﬂ@f)ﬁfosﬂﬁémﬁhéiﬂlsaalﬁﬁﬁdsﬁble wherelfohe edye thickaesadj eetian that in the
the edge, and a front surface, the wafer includirg an
ceP bAXk Yardayer over the front surface, the wafer ,

conprising: a first thickness of the epitaxial |ayer

adj acent the nte 1. :

o) S5 M BRR 0 bR e BERdut RLRRRIG e il toer o
~wherein the second %{ickness |s changed by at | east
coptppiBe Hukeers 89 98%EP95 r st t hi ckness.  15According to a

secondraspect of the present invention, there is .

provi ded a nmethod for manufacturing a silicon wafer,

eachyovafdere thed ifitstngpect o nhe present dhveatibarthenetie preddy, a silicon

an area a&gacent the edge, and a fr nt surf.ace P

ﬁf@td?ﬁélwt% Hf %@@o%?% ?Cﬁ@’e%‘hth% gea g i &%‘F{a%é}}e waler

é(ﬁl)fﬂ €85

lnﬁggn%aggﬁ?lrs%%EﬁP %ﬁ%@goa Jacghpﬁﬁﬁggiente%hgg%xgﬁﬂndﬂl
ofW@ﬂﬁxiama@'kﬂ’mﬁ&cmhthb leentar, ead adp@od titickiess efide epitaxial layer in

adj usti ng, de g the St d iting the .
the Brepadiagent the g€, he ?ch @Eé?? %r chaneed by at,least 2%
co g %%gkﬁﬁm§ﬁﬁgﬂgmthlckness to be changed by at

oconpared.to the first thickness.
According to a second aspect of the present invention, there is provided a method

for manufacturing a silicon wafer, each wafer defining a center, a circular outer edge, an
area adjacent the edge, and a front surface, the method comprising: depositing an
epitaxial layer ‘over the front surface of the wafer, the epitaxial layer having a first
thickness adjacent the center, and a second thickness in the area adjacent the edge,
adjusting, dun'ng the step of depositing the epitaxial layer, at least one process parameter
to control the second thickness to be changed by at least 2% compared fo the first
thickness. | |



Brief Description of the Draw ngs Fig. 1 is an
overhead view of the front surface of a wafer show ng
exanpl es of the | ocations for nmeasurenents of
t hi ckness of the epitaxial |ayer. Fig. 2is a
chart of a specification for epitaxial thickness
across a cross-section of a wafer for manufacture in
- accordance with the present disclosure, with a
greater thickness near the edge of the wafer and |ess

t hi ckness near the center. . Fig. 3 1s a chart of

a specification f%@%%@acr 0ss a

cross-section of a wafer for manufacture in

accBigdancen owerhead véew ob therfrond swéace ot p svaley shpwipg @mples of the

t hi ckness near the edge of the wafer and nore
lodahibsKnenssseaents bethidkmessrof tHeepHixiadyBescri pti on

Fig. 2 shows a specification for thickness in a wafer

manghas il chet & P§ReHicalldiefor Bpiednd dsckapacictdss atdress-secion of a

shown for a cross-section intersecting the wafer's

“in a@é%frﬁaﬂég #igethe %é’s&niraﬁ@[c%ﬁ%n%thtzhgmater thickness
he wa

océflon on t er cross section, starting a

Thk ft of th hart,
'nefélﬁesqdﬁa fﬁ?g‘fﬂ a’i‘%lg er cen ?qﬂmﬁ) a? theecgn?(rer
f th hart d waf d .
Thikilga (3 chart G dHes ﬁarﬁ@ S Rt o g crogeagption of

are the thicknesses at ni d oints hal f
wafe R, I achRI TTRSRIERER, withhe ﬁf@%ﬁl@? losgre, Fﬁ@’sa %@s@f fhigmess near

The y-axis of the chart represents a target or limt
the\tdgauef thewafehamkmesshickeessintag theicpntethe Backgr ound

section, previous specifications for thi ckness were ,
~understood te be uniform across the wafer. In.

the present disclosure, ‘thickness is specified with

di ffering val ues acr oaseﬁllbanaérﬁmonThl ckness

(Thl ct dgeo) and Thkedge(20 typically is greater in an

ar ey a8 BGHOL HPERERRA faf‘ thi@ess in a wafer manufacturing process. The -

Wi

thickness specification is shown for a cross-section intersecting the wafer’s center. The x-

2a
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10 wafer as conpared to the thickness (Thkcenter)
specified in the area adjacent the wafer center. The
area adj acent the wafer edge is typically considered
to be the area within about 2 mmto about 10 nm from
the waf er edge, although smaller or |arger areas may
be used for optimzation with other wafer paraneters.
As shown in Fig. 2, the thickness in the area

adj acent the edge (Thlcedgeo, 2)) may be 15 increased
by nore than about 2% as conpared to the thickness at
hie ok ehat efiréents Tk REatiofSonsthe Whifdrrdds Gectidn, §thding at a first wafer
thi ckness in the area adj acent the edge

éd cakRElge( lat 2o 1IN M8 HREIRASES t}QMu%iDﬂﬁ WA RRR YUThK o) at the

b AS ared to the thickness at t waf er center

&emlr fthﬁ: et S BhEEE Ao SO Slre mggg%tﬂn%%fg@ggﬁhe chart. Also

I ckness may as appro

iﬂH TREL0E BFRierSe af Bidhefil ot fath Bliu 2wt MhiGicpepn the water

for Thked5eo 2). can be at | east about 4% or even at
rrasssiectinge hhe Bokds o the vhut erasentshfarget or lopityalye dor thigkness. As noted
t hi cknesses at each position are within the speci fi ed

hthe Kprsggrolidrisectiofro previves epedifcatians Faybickness were Tinderstood to be
specification may include a single change in
thiforknemss the omfdrhe waf er center to the edge or may

include nultiple stepped changes, or a linearly or

ot hemitkifeerreRanaidigute) ttidides s §feeifcl Reth(RMERTE Jaluek B@oss the wafer
edge. For exanple, as shown in Fig. 2, the thlckness

TERRRARIIND R e

{’ﬁ% k%&é’ P@ffﬂq% gbgéglaf% ; Fe@er @gﬂgﬁ ated %g@gc%? B Wafer center.

ecreases in: two_steps from.the c nter to the edge
g atipcynt thwalen pdee 13 AYPREY € bg dhe aTEn it gbout 2 mam to

hal f radius is between the value of the thickness

Bepa s iamy famcibaeiter adee; 1slthaughyamalier 1on dagges areaegrpy be used for

adj acent the edge. Ot her |ocations for the steps nay

dingsdtion vath aliser cadir panteters. une waf er performance for

the particular application and process 10 paraneters

bei ngAsusedn il Wi. Qakhel divhidse s tHeQlred MESdehT the eﬁé‘eﬁ(’l‘hkedw 2)) may be
t hi ckness, e.g., at the center, half-radius,

RER3d b h?or@ﬁﬁﬂ"ﬁbétﬁ 20 & coilnpat%ﬂ% EH@QEE@fcne'éi SiiRe Q’@ﬁé? Bé;lter (ThKener)-

the two shomn in Figs. 3 may al so be used

‘%%J %%%ﬁ;lg g I ﬂénl ecliﬂ%(fuﬁ ﬂé&g;tse?rtg &%ﬁ(}fﬁﬁ i ?qnay be decredsed
barrﬁa” %b?ﬁﬁ%”%ﬁ S o, IO R wAirtebf gy A sraten

bl d f For,
VAR N U gg mﬁi{ﬁléy rg?:ggg(ia%ﬁpjggpnate for reaching the
t enper at ur e, trlchlor05|lane (TCS) flows, and

Taspde depaied (2 p;rﬂp]ll@{,@pp}pﬁ@hog@f ggﬁ R;gqeg’@dlgqj(pqumg Spefpincrease or decrease

" deposition of the epitaxial l|ayer to control

for Thkedge{[ 25 €an be at least about 4% or even at least'about 6% as compared to ’I‘h]{cﬂmr Of

course, all thicknesses at each position are within the specified thickness limits for the

epitaxial fayer.
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t he thickness as described. The max offset
tenperature may be adjusted by a suit-abl e anount,
e.g., 20 C, fromcenter to edge.. I n general, a higher
tenperature produces an 20 increased thickness, while
a |l ower tenperature decreases thickness. Thickness
may al so be increased adjacent the edge, relative to
the center, by increasing center injection while
decreasi ng -outside injection. Thickness nay
alternatively be decreased adjacent t he edge,

ir ﬁjl ggllth]\c! gﬂetx‘g@ﬁtaqgn ?q%gbgé%q% aSI % }:%lr,from the wafer center to
Typically the change in |nJect|on will he no nore

hh £A2% 8 Breyswpluge wiptime stegprd) shansw 67 faljnesdy (¥ edfheryise changing
suited to obtaining a desired result. Thickness nmay

thickaesh droso the odntadiobihe sadpeistdrngrapiploc es shemn tih f8g.a2, the thickness
desired for a specific target thickness. The ‘

JThiregskes astsvonagpsfeons diet gealtet adihe rdgn Ths irdt akbds t¥ipseno the ‘half radius -

deposition, such as vapor- 5 phase epitaxy, chem cal
dﬁpqiﬁkM Nan®thed kdtOhd HRBARES @e SBR ogﬂhkl NG, RIFig. 3 shows
epi taX| al 1 ayéz? The depositi odri1j may be per eaige%;)ﬁ &

tﬁf?:)fne%é‘ b ablss [Ea% QbpLHARE! cé?fter% e e VP&EEIEEQSI the value of the

producing an epltaX| 2y ayer. Pre erab e reactor
thlg{qgetsg 8%9%6}111: haif rfag\ﬁg soﬁe‘gw%l:gglln e g[ﬁé’ OF JLhS %}%ﬂcﬁ& gg& th? the center

I T e ol e S
siﬂﬁte(?’aafs festred 1 tume veathe seronics o the particufar application and process
parameters béing used. Typical locations for measuring the thickness, e.g., at the center, half-
radius, and edges, are shown in Fig. 1. Additional steps beyond the two shown in Figs. 2 and
3wmay.also be used. The absolute and relative values of thickness at each step may also be
selected for desired performance in a particular application in accordance with the present
disclosure.

Thickness may be controlled by any suvitable means during wafer processing. For
example, selected process parameters, such as temperature, trichlorosilane (TCS) 'ﬂows, and
hydrogen (H,) flow, may be adjusted during fhe deposition of the epitaxial layer to control
the thickness as described. The max offset temperature may be adjusted by a suitable
anmﬁnt, e.g., 20° C, from center to edge. In general, a higher temperature produces an
increased thickness, while a lower te@pemMe decreases thickness. Thickness may also be
increased adjacent the edge, relative to the center, by incrcasing_ center injection while

decreasing oufside injection, Thickness may alternatively be decreased adjacent the edge,

relative to the center, by decreasing cenfer injection while increasing outside injection.

4
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Addi tionally, although the wafer with controll ed

t hi ckness and net hod for producing the sane and
features of that wafer and nethod have been shown and
.described with reference to the foregoi ng operational
principles and preferred enbodi nents, those skilled
inthe art will find apparent that various changes in
formand detail may be made without 15 departing from
the spirit and scope of the follow ng clainms. The
present disclosure is intended to enbrace all such

Ty@éam?rtﬁ@énamg@m inRelidd %At BeOSmoRHaVAoh PSS e&lttoﬁiﬂ* aajaéﬂnems may
in the scope of such cl ai rrs d ai ns:

be &égh b& Qﬁtc &¥tai g arﬁeﬁ%dq#ﬁtg Ll ue@{'m #) R@ 90 oﬁ@d by adjusting

] acent € edag ac

inclu it axi al. [ the front surface
Pf%%%ﬁ?ﬂ&% ?%%fﬁﬁ&f B A g’fé(?’ﬁﬁsckness of the
epi.taxjal |ayer adjacent, the cent
s e dhickpesk ey beronfraliedels; 4mg s blg agpsrof. depesions pack a5 vapor-
adj acent' the edge,. wherein the second thickness is
phaghempan dhymicel vapas depsilionnp ity magnery of flgpogiting an epitaxial layer.
thickness. 10 2. The wafer of Jdaim1l wherein the
Thes dqmﬂhﬁonhmjklbes;zerﬁoﬂn@i il ems tsuiidey reaetoe chimber ¢thether device for
first thickness. 3. The wafer of Claim 1l wherein

ro&ﬁtﬁlgsﬁp@ﬁlﬁmhlhhﬁdﬂmﬁﬁ:rdb@, dic re/aGts 2 ¥mpleseaféreaicksivhieh may also
first thickness.

‘incorporate rotation of the wafer on a center axis. The reactor typically will have standard

controls, such as lamp configuration, injector co_nﬁguration, and others for the wafer to be

adjusted from i.nsid;e o outside.r | | |
Additionally, although the wafer with con._ﬁnlled thickness and method for producing

the same and features of that wafer and method have been shown and described with

reference to the foregoing operatioiial principles and preferred embodiments, those skilled in

the art will find apparent that various changes in form and detail may be made without

departing from the spirit and scope of the following claims. The present disclosure is
intended to embrace all such alternatives, modifications, and variances that fall within the

scope of such claims.
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4. The wafer of daim1l wherein the second thickness
is at |least 4% greater than the first thickness.

205. The wafer of Caim1 wherein the second thickness
is at least 4%l ess than the first thickness. 6. The
waf er of any one of Clains 1 to 5 wherein the area

CHM%cent the edge is at | east 2mm and no nore than

10mmwi de. 25 7. A nethod for nmanufacturing a
a center

SI| on waf e ach vvaf r def|n|n

ot v A RleotOlTe: oG o Girter 85 chdh A0 ates Slacul§ edasgans 2
frdrt etfacyttcaser ihdledingbh eﬁutasmmyle%m the front surface, the wafer

depositing an epitaxial |ayer over the front surface

COOPENE: waf er, the epitaxial 30l ayer having a first
t hi Caknetsmuoaﬁbs%crﬁ e éﬂl@xuaﬂay@radjamdt theseat@NGntihi ckness

dur 15O PEESTH e pEGHE Set dhe greaiiaten] B eroe ar

witeR@inttheficopd GE®RsPRICABRIRS by &t 681 LPOtorh e d ROAB Hrst
htE%eckness to be changed by at |east 2% conpared to
t i rst thickness.

2. The wafer of Claim 1 wherein the second thickness is at least 2% greater

than the first thickness. -

3. The wafer of Claim 1 wherein the second thickness is at least 2% less than

the first thickness.

4, The wafer of Claim 1 wherein t'he second thickness is-at least 4% greater

- than the first thickness.

5_ ,;The‘, wafer of Claim 1 wherein the second thickness is at least 4% less than

the first thickness.

6. The wafer of any one of Claims 1 to 5 wherein the area adjacent the edge is

- at least 2mm and no more than 10rhm wide.

7. A method for manufacturing a silicon wafer, each wafer defining a center, a

circular outer edge, an area adjacent the edge, and a front surface, the method
comprising:

depositing an epitaxial layer over the front surface of the wafer, the epitaxial
layer-having a first thickness adjacent the center, and a second thickness in the area
adjacent the edge, ‘

adjué.ting, during the step of depositing the epitaxial layer, at least one
process parameter to control the second thickness to be changed by at least 2%

compared to the first thickness.

8. The method of Claim 7 wherein the second thickness is increased by at least

2% compared to the first thickness.



35 8. The nmethod of Claim7 wherein the second
thickness is increased by at | east 2% conpared to the
first thickness. 9. The nethod of Claim?7 wherein
the second thickness is decreased by at |east 2% :
.CO e t thi kness The t hod
an?@ﬁe&%s&%&oﬁ&%ﬁf rber@n CIOHCI ttthg(nSF% B greased By at least
2% apapeteelrto it mrh’eth&kmqser ature or the flow of process
gas.

10. The method of any one of Claims 7 to 9 wherein the process parameter is the

temperature or the flow of process gas.



