CONTROLLED EDGE THI CKNESS I N A SI LI CON WAFER Techni cal Field The present
invention relates to a silicon wafer with controll ed edge thickness and a 5
nmet hod for manufacturing the wafer. Background An electronic device may be
formed 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 nanufactured to neet certain specifications for a
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An electronic device may be formed 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 manufactured to meet certain specifications for a maximum “on”

10 resistance (Rdson) and a minimum breakdown voltage (BV). A wafer parameter that affects
Rdson and BV is the thickness of the epitaxial layer. Ordinarily, thickness is the subject of
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

15  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.

Summary

20 The present disclosure is directed toward a wafer, and a method for producing the
wafer where the thickness of the epitaxial layer is controlled during processing to increase or
decrease the thickness 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 may be raised or lowered



1 in the area adjacent the edge, either in a single step or in multiple
steps proceeding out from the 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 froma high value in the area
adj acent the left edge in the cross-section to a low point in the center of
the cross 5 section, and back up to the high value in the area adjacent the
right edge in the cross-section. The opposite situation is al so possible
whereby the edge thickness is less than that in the center of the wafer.
Process par nmet er usfed duri t he deposition of the epitaxial
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| ayer. Fig. 2 is a chart of a specification for epitaxial thickness across a
Cr oss- secpdseing aliroagh e wafee ceiftar withhavieachawleshape acteadid@moanviéh at kigh pakgent
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Descript] %}Te opposite situation is also possible whereby the edge thickness is less than that in the
center of the wafer.
Process parameters may be adjusted during the deposition of the epitaxial layer to
control the thickness as described.

10

Brief Description of the Drawings

Fig. 1 is an overhead view of the front surface of a wafer showing examples of the
locations for measurements of thickness of the epitaxial layer.

Fig. 2 is a chart of a specification for epitaxial thickness across a cross-section of a

15  wafer for manufacture in accordance with the present disclosure, with a greater thickness
near the edge of the wafer and less thickness near the center.

Fig. 3 is 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 lesser thickness near
the edge of the wafer and more thickness near the center.

20

Detailed Description

Fig. 2 shows a specification for thickness in a wafer manufacturing process. The

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



Fig. 2 shows a specification for thickness in a wafer manufacturing process.
The thickness specification is shown for a cross-section intersecting the
wafer's center. The x- 2 axis of the chart represents the |ocation on the
waf er cross-section, starting at a first wafer edge, Thkedge(,) at the left
of the chart, passing through the wafer center (Thl Qentej) at the center of
the chart, and ending at a second wafer edge, Thkedge(2) at the right of the
chart. Also indicated are the thicknesses at mdpoints or half radii,

ThkR/ 2(1) and ThkR/ 2t2t, on the wafer 5 cross-section. The y-axis of the
chart repra&teoft the gherrejresents the dpeatipn|onethe oraleriressrsestion, Atartiog etia first winfer
Background section, previous specifications for thickness were understood to
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waf er as conpared to the t kKeent e area
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Thickness (Thkeqggeqry and Thicggez)) typically is greater in an area adjacent the edge of the

10 wafer as compared to the thickness (Thk,.ye,) specified in the area adjacent the wafer center.
The area adjacent the wafer edge is typically considered to be the area within about 2 mm to
about 10 mm from the wafer edge, although smaller or larger areas may be used for
optimization with other wafer parameters.

As shown in Fig. 2, the thickness in the area adjacent the edge (Thkegge12) may be

15 increased by more than about 2% as compared to the thickness at the wafer center (Thk eqer).
As shown in Fig, 3, the thickness in the arca adjacent the edge (Thkeg,en 2)) may be decreased
by more than about 2% as compared to the thickness at the wafer center (Thk en.,). A greater
or smaller increase or decrease in thickness may be used as appropriate for reaching the
results desired in a particular application of the present disclosure. Such increase or decrease

20 for Thkegue12) can be at least about 4% or even at least about 6% as compared to Thk eneer. OFf
course, all thicknesses at each position are within the specified thickness limits for the

epitaxial layer.



20 for Thkedge(1l,2) can be at |east about 4% or even at |east about 6% as
conpared to Thice"ter. O course, all thicknesses at each position are
within the specified thickness limts for the epitaxial |ayer. 3 The
specification may include a single change in thickness fromthe wafer center
to the edge or may include nultiple stepped changes, or a linearly or

ot herwi se changing thickness fromthe center to the edge. For exanple, as
shown in Fig. 2, the thickness increases in two steps fromthe center to
the edge. The first step is adjacent the half radius 5 (ThkRj 2(1) and

Thka, 2(2)), an | ' 3 hke FLg. .3 shows
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tenperature, trichlorosilane (TCS) flows, and hydrogen (H2) flow, may be
adj ust ed thickngsp adjaccde foshalf mdiusfis thetwvaepithexiklie dfdhe thicknesoadjpaint theheenter
t hi ckness as descri bed. The max offset tenperature nmay be adjusted by a
sui tabl e and the value of the thickness adjacent the edge. Other locations for the steps may be
selected as desired to tune wafer performance for the particular application and process

10 parameters being 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
3 may 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.

15 Thickness may be controlled by any suitable means during wafer processing. For
example, selected process parameters, such as temperature, trichlorosilane (TCS) flows, and
hydrogen (H;) flow, may be adjusted during the deposition of the epitaxial layer to control
the thickness as described. The max offset temperature may be adjusted by a suitable
amount, e.g., 20° C, from center to edge. In general, a higher temperature produces an

20  increased thickness, while a lower temperature decreases thickness. Thickness may also be
increased adjacent the edge, relative to the center, by increasing center injection while

decreasing outside injection. Thickness may alternatively be decreased adjacent the edge,

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



anount, e.g., 20 C, fromcenter to edge. In general, a higher tenperature
produces an 20 increased thickness, while a | ower tenperature decreases

t hi ckness. Thi ckness nay al so be increased adjacent the edge, relative to
the center, by increasing center injection while decreasing outside

i njection. Thickness may alternatively be decreased adjacent the edge,
relative to the center, by decreasing center injection while increasing
outside injection. 4 Typically the change in injection will be no nore than
about 5% but other adjustnments nay be used as suited to obtaining a

desi r ed Typwally theTthaognesigjactipn alill be lne mamtthal dtedt 5%, &dj othei adjustmenis essi Ng
time as desired for a specific target thickness. The thickness may be

cont r ol Ibgahsédasited i bithineng ¥ B&irell rélAROBhitkRRs nidyGlsodse dARBIIed By RIS
epi taxy, chem cal vapor deposition, or other nmanhers of depositing an

epi t axi . 1 tL.on: formed in any suitable reactor
chanber%goréeg%{%trlmgé\glﬂ%e Eg§ﬂ£%3%§g[l§§i¥r F%I%%elfﬁ%t axial layer. Preferably, the
reactor is a_single wafer reactor, which nmpy also incorporate rotation of
the waf er on T8¢ dugknsss maysbe gomralled dn gny sppatlaltyre of feposHipa, sichnemyapor-
controls, such as lanmp configuration, injector configuration, and others for
t he faf phatecepitexy, kbemajalisama depositiom ir déhetr snamntisi ofalepdeiting hwepitdxyal layarhough
the wafer with controlled thickness and nmethod for producing the sanme and

feat ur eghef ddpBgitioNahsf panseridl@dnhae shedle s anthtde sk’ sthed dwibd for
reference to the foregoing operational principles and preferred enbodi nents,
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followi ng clains. The resen}~ di sclosure is_ intended tg enprace all such
al t er natHCPEROTARIAIAIPR & it ¥ales i & setefds Fheaieagtar Fypigadlyiwilk baye standard

controls, such as lamp configuration, injector configuration, and others for the wafer to be
10 adjusted from inside to outside.

Additionally, although the wafer with controlled thickness and method for producing
the same and features of that wafer and method have been shown and described with
reference to the foregoing operational principles and preferred embodiments, those skilled in
the art will find apparent that various changes in form and detail may be made without

15  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.



scope of such clains. 5 Clainms: 1. Asilicon wafer defining a center, an
edge, and an area adjacent the edge, the wafer including an epitaxial

| ayer, the wafer conprising: 5 a first thickness of the epitaxial |ayer

adj acent the center, and a second thickness of the epitaxial layer in the
area adj acent the edge, wherein the second thickness is changed by at | east
about 2% conpared to the first thickness. 2. The wafer of claim1l wherein
the second thickness is at | east about 2% greater 10 than the first

t hi ckness. 3. The wafer of claim1l wherein the second thickness is at |east
about 2@dimgs than the first thickness. 15 4. The wafer of claim 1 wherein
the second thickness is at |east about 4% greater than the first thickness.
5. The wafer of claim1l wherein the second thickness is at |east about 4%
|l ess than the first thickness. 20 6. The wafer of claim 1l wherein the area

adj acent the| edge igficdh \J/a?@ts(ﬁefﬁl?%ﬁ c&ife aWe‘éi d7an Y&?adj@éi b oo (%Iea{h@ 1

wherein the area adjacent the edge i s nd m)r an about

wafer including an epitaxial layer, the wafer comprising:
5 a first thickness of the epitaxial layer adjacent the center, and
a second thickness of the epitaxial layer in the area adjacent the edge, wherein the

second thickness is changed by at least about 2% compared to the first thickness.

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

10  than the first thickness.

3. The wafer of claim 1 wherein the second thickness is at least about 2% less
than the first thickness.
15 4. The wafer of claim 1 wherein the second thickness is at least about 4% greater

than the first thickness.

5. The wafer of claim 1 wherein the second thickness is at least about 4% less
than the first thickness.
20
6. The wafer of claim 1 wherein the area adjacent the edge is at least about 2mm

wide.



8. A nmethod for manufacturing a silicon wafer, each wafer defining a center,
a 5 circular outer edge, an area adjacent the edge, and a front surface,

t he nethod conprising: depositing an epitaxial |ayer over the front surface
of the wafer, the layer having a first thickness adjacent the center, and a
second thickness in the area adjacent the edge, adjusting, during the step
of depositing the epitaxial |ayer, at |east one process paraneter to
control the second thickness to be changed by at | east about 2% conpared to
the 10 first thickness. 9. The nmethod of claim8 wherein the second

t hi ckness i s7-i ncrEwswafenyf eleim &adiereinBwarcpedjsesnptheadge ¢ ndmofd then about

t hi ckness. 15 10. The nethod of claim8 wherein the second thickness is

decr east@intywidk. | east about 2% conpared to the first thickness. 11. The

met hod of claim8 wherein the second thickness is increased by at | east
about 4% conpared to the first thickness. 20 12. The nmethod of claim8
wherein the second thickness is decreased by at | east about 4% conpared to

the first thjckness. 7 . i .
3. A hethod for manufacturing a silicon wafer, each wafer defining a center, a

5 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 layer having a
first thickness adjacent the center, and a second thickness in the area adjacent the edge,
adjusting, during the step of depositing the epitaxial layer, at least one process
parameter to control the second thickness to be changed by at least about 2% compared to the

10  first thickness.

9. The method of claim 8 wherein the second thickness is increased by at least

about 2% compared to the first thickness.

15 10.  The method of claim 8 wherein the second thickness is decreased by at least

about 2% compared to the first thickness.

1t.  The method of claim 8 wherein the second thickness is increased by at least
about 4% compared to the first thickness.
20
12.  The method of claim 8 wherein the second thickness is decreased by at least

about 4% compared to the first thickness.





