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[0003] Currently, the majority of high performance processor devices
are fabricated on a thin (about 2 - 4 um), lightly-doped (about 1 x 10'°- 1 x 10'®
carriers/cm®) epitaxial silicon layer grown over a heavily-doped (about 10'°
carriers/cm®) silicon substrate wafer, wherein boron is a preferred dopant. This
type of wafer is generally referred to as a P/P++ epitaxial wafer or P/P+ epitaxial
wafer. Epitaxial silicon layers such as these are typically grown by a chemical
vapor deposition process wherein a substrate is heated while a gaseous silicon
compound is passed over the wafer surface to affect pyrolysis or decomposition.

[0004] The heavily-doped silicon substrate below the device layer is
intended to provide protection against many common device failure
mechanisms, such as device latch-up failures, failures related to diffusion

leakage current, or some radiation event-related failures. For example, latch-up
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[0007] Backside autodoping, i.e., the migration of dopant atoms from
the back or sides of the substrate into the device layer, is another problem
commonly encountered when a heavily doped substrate is integrated with a
lightly doped device layer. One conventional approach to limit this effect is to
form a backside oxide seal on the highly doped substrate. However, the oxide
seal can not be integrated into the epitaxial silicon structure in the case of
double-side polished wafers.

[0008] Heavily doped substrates having a lightly doped epitaxial layer
also present challenges when used in CMOS Image Sensor applications wherein
backside illumination technology is desirable. Currently, commercially available
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electncal signals. This requires consistent and uniform material removal from
the backside of the original, as-formed silicon structure to create a smooth
backside surface, which requires thinning the silicon structure from several
hundred microns to just a few microns, such as less than about 15 ym.
Furthermore, the backside surface must be capable of being passivated against
recombination of photon-generated carriers at the surface, while also directing
these photon-generated carriers to a collecting photodiode with an electric field
within the Image Sensor device. Such features are not readily ascertained using
conventional mechanical or chemical means to thin the silicon structure.

Mechanical means of thinning may not be feasible with such small dimensions,
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Figure 1 is a schematic cross-section of a semiconductor wafer
of the invention.

[0015] Figure 2 is a schematic top-down view of a semiconductor
wafer of the invention, wherein the axis in Figure 2 is coincident with the axis in
Figure 1.

[0016]1 Figure 3 is a graphical representation of the carrier
concentration profile for an semiconductor wafer having a highly doped

protective layer and a lightly doped substrate.



[0013] Other objects and features will be in part

apparent and in part pointed out hereinafter. BRI EF
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schemati c cross-section of & sem conductor wafer of

the invention. [0015] Figure 2 is a schematic top-down

view of a sem conductor wafer of the invention,
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semiconductor structures as a function of temperature detailed in Example 2.
[0023] Figure 10 is a graphical representation of the carrier

concentration profile for a semiconductor wafer for an image sensor application.
[0024] Corresponding reference characters indicate corresponding

parts throughout the drawings.

DETAILED DESCRIPTION OF THE INVENTION

[0025] Referring now to Figure 1, among the various aspects of the
present invention is a semiconductor wafer 1 with improved thermal conductivity.
Semiconductor wafer 1 has a front surface F, a back surface B, and an
imaginary central axis A, with the terms "front” and "back" being used in this
context merely to distinguish the two major, generally planar surfaces of the
wafer. Semiconductor wafer 1 also comprises silicon device layer 3, silicon
protective layer 5, and substrate 7.

[0026]1 To inhibit various commonly known device failure mechanisms,

the thermal conductivity of substrate 7 is preferably at least 5% greater than the
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ex¥hifany SSreicaht etof Aaferof thy preserd iV efitionG®Miustrated. As
depicted, the device layer of the semiconductor wafer (the region of the wafer
from a depth of 0 to about 2 xm) has a dopant concentration of about 1 x 10
atoms/cm?, the silicon protective layer (the region of the wafer from a depth of
about 3 to about 5 um) has a dopant concentration of 1 x 10'° atoms/cm?®, and
the substrate (the region of the wafer at depths greater than about 6 xm) has a
dopant concentration of about 1 x 10'® atoms/cm?®. In accord with the invention,
either P-type or N-type dopants may be employed to dope each of the device
layer 32, the protective layer 33, and the substrate 34, when semiconductor

materials are selected for the substrate.

|. The Substrate
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substrate generally has less than about 1 x 10™° carriers cm such as less than
about 5 x 10"° carriers/cm®. Furthermore, the substrate typically contains at
least about 5 x 10" carriers/cm?® to minimize undesirable phenomena observed
at lower doping levels, such as oxygen-related thermal donor generation. For
example, the P-doped singie crystal silicon substrate typically has between
about 5 x 10" carriers/cm®and about 1 x 10'® carriers/cm®. For N-type doping
applications, the silicon substrate generally has less than about 5 x 10"
carriers/cm?, such as less than about 1 x 10" carriers/cm®.

[0031] In another aspect, the silicon substrate has thermal conductivity
of at least about 5% greater than the thermal conductivity of P++ or N++ silicon,

as those terms are conventionally used in the art and described herein. In
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i ok PR R a R ReA bt 350 )RR 0, 8T RVER P han

about AFeVY/mE'K. 3. [0031] In another aspect, the silicon
substrate has thermal conductivity of at |east about
5% gra2dr Tharsindie crystalraiconosuhstrate 'covtaa'ﬁs atdeastrongrdopant
silicaon, a ose terns e conventi
to give G TsuiBlel BTl ERTAtiE RESRISH PP sEAmERE o fubdtfate
m%}] Gbmb'rlsé qmg%@t dofdnits (i%.] SMATeTRY ﬁoﬁ?b@élﬁg 3td7 thé Periodic Table,
| evel” and 't he at m)spherl Cc tenperature; i.e.

e.do @tprsualumtmrns, gaile:manddodwu@tmwwpedd@m@asése aslements

frof i & OfP £t ERbis” B bR s SHR O g pvhen
—tﬁ@lﬁrﬂhg‘@deﬁﬂeu Phe Uzbﬁaﬁﬂ isipreferapiiberdrs. WHé?ﬁth?be doping is

conductivity of less than about 114 Wm K. Therefore,
desfied therdrpant iheigfeiakit phesrhofds.si | i con substrate is
greater than about 120 Wm K. Mre typically, the
silicon substrate's thermal conductivity is greater
Il. t Raotectiveutaye30 Wrn-K, such as greater than about 135
WrrvK. I n sonme applications, the thermal conductivity

wi | 11098 Yr edbepretestiva lryer typicaliwcanerisas kighly-danast gllicon to
prﬁ\ﬂﬁé‘ ggt?t%% égatﬁg’frboﬁmérpgé%]:e Tﬁﬁré'nﬁ‘é’érﬁanﬁrﬁtﬁlch as latch-up

€ contalns 'east one do
and low diffusion current failures. Depending on the appllcatlon any one of the

appropriate P-type or N-type dopants noted above may be used to form the
protective layer. Generally, the protective layer typically comprises greater than
about 1 x 10 carriers/cm®. For example, for P-type doping applications, the
highly-doped silicon protective layer comprises between about 1 x 10
carriers/cm® and about 1 x 10%° carriers/cm®. Common ranges include between
about 8.5 x 10'® carriers/cm® and about 2.0 x 10'° carriers/cm® when the dopant
concentration is characterized as P++, and between about 3.2 x 10"
carriers/cm® and about 8.5 x 10'® carriers/cm® when the dopant concentration is
characterized as P+. In one preferred embodiment, the protective layer's dopant
concentration is between about 1.0 x 10'° carriers/cm® and about 1.25 x 10"°



to give the substrate various desirable properties.

For exanple, the substrate nmay conprise P-type dopants
W@ 2002/090083 enents from Group 3 of the Periodi c AebU82007/061128

e.g., boron, alum num gall94umand indiunm or N-type

dopants (i.e., elenents from Goup 5 of the Periodic

Tabl e, e.g., phosphorus, arsenic, antinony). Wen

caﬁ’iﬂéns;tzﬁn%loléomsj-tyﬁeeji@pirfge@\opltchtao»tilg|ctlauathugjr‘¢3|¥1 opkdrsillon protective
boron. Wen N-type doping is,desired e dopant_is

IBYHTCTRIBIIEF DAYSERARRI 610 X 16 oﬁ%ré'ﬁfi/émL@y‘Qrat{Q%@)] 18he
ca?ﬁ?rts%?# VGOW déﬁ(ggé 'uﬂe%mééﬁ%%om qrﬂ Y 160’|O rlers/cm

I'con 'to pr ovVi ectron agal nst "cormopn de

arfcraboutes. rctolPicamers/entiwiaen thag ddpant condehwatish fsf USI on
current failures. Dependin 3 on the app Ilcatlon

Cf@rﬁ%CtSf'ZQCh as kst A mtwepnt t6¢0 mpy p@arasﬁe{ﬁms anstamut 4.5
P¥B RN WAEA 11 gbBIR {dHEaRtAlGH 14 ifalbfiiized as N+
yer Ical'l'y "conprises

gr eat®o 34:ham abollh\ter hspedtOtt& p@tect&eﬂém i8 cthHcterlzed by a
exanple, for P-type d FI ng applications,

thﬁfrg%h GRNGIsEWtSIoWEE harp st eidstiate ﬁé@%rm!&eﬁﬂpg@éty That is, the
prOfIcHE TyRh WkharatichHl mh(e'rrﬂéﬁé&m&u@@g of f38lindn ¥bout 114

carriers/cm Fanges 1 ncl

Wahdlat o terbpéddtar rkarexaompls, t&neot)ratwtlt/e IaﬁerXS thacterized
carriers/cm 3 when the dopant concentration is

bythgrmat eanduciviby obless than aB@F\/\k‘éle\é(Hb'Gt oneyerylesg than about
10‘2)6\7\f/rlnek§{ %ﬁt&“ﬁ{a ng 8.5 x 1018 carriers/cm 3 when

the dopan conce |on is characterized as P+. In

one wef=r r edightusdhereobstrates tnénﬁamcjnd@chamﬁho@d above, the
ant concentration i s between about 0 x 1019

su@&ﬁateehgs arthermal coagyativity. qfs;rﬁatmilg@aabp@tr &Q;W/m Kmsetective

g RO B8 Tt tashilcehlonkity 3 R sthag 2pbut 114
WHAK. i e&:séﬁaméleanﬂo@@@pbndéatmnlﬂmb‘%s@@gtfat@&%@rmhaﬁ coﬁauamnty is
ranges include between about 1.2 x 1019 carriers/cm 3

greaier i 38 Ve/nx Klmtf@prpten‘twedayer svthermaheonttystivity is less

g AE0L! B WG 16 AP HrefiEdidhh shé Shniated heTHaL
coﬁahéﬂl\ﬁfyﬁé Grederhifdh { .’B‘EW’MPR%QC{P;%C&BH&% Myers thermal

characterized as N+. 34] I n anot her aspect,
copduciadlyiis éedsapan atm%HéDathM zed by a t her mal
cond

condittieh « Jhe RIS Shthe Resiseive Rubr e gepipative way by
wfgﬂggt\%?&ﬁriel eEnsantrdtRInEn 6O edtmbted .t YheediShvtyldidRe
protective layer is generally between about 2.5 mQ-cm and about 25 ma-cm, with
common ranges being between about 5 mg-cm and about 10 ma:-cm and
between about 10 mQ-cm and about 20 ma-ecm. In one preferred embodiment,
the protective layer's resistivity is about 8 mo-cm.

[0037]1 In general, the protective layer is thick enough to provide the
desired protection, yet as thin as possible to promote heat transfer from the
device layer to the high thermal conductivity substrate. Typically, the protective
layer is at least about 1 um thick, such as between about 1 um and about 10 um

thick. More typically, the protective layer will be between about 1 um and about



WmK at roomtenperature. For exanple, the protective
| ayer is characterized by thermal conductivity of |ess

wao bam/ogosit 110 WrrvK, or even | ess than aboupC1/082007/061128
WrrvK at roomtenperaturel0[0035] In light of the
substrate's thermal conductivity noted above, the
substrate has a thernmal conductivity of greater than

5 alothick] 28d\ér sorkeapplieationss theprsteativé laber wiiddeebétween about
| ayer has a thernal conductivity of less than about

1 anvang abowt 3 pat thiskanpl e, in one application, the
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protectios fayidndn fBMgdN slbstiidtetrkay be et tbgbrraRe bedtbEs layer.
the substrate's thermal conductlwtg IS greater than
¥

Forsxagwyles tkeqiatactive lryar seay be feryed by usingr eritaxial deposition,

off EPAAL Sob e et hify B 40 9Bl BBy Foch o

theey tdehnidueshareheelFRid Wi andaire &istaiRid fanthefin iterature references
estimated. The resistivity of the protective layer is

regdihenyailableta qre skiledin the art sachnas RTARRYMVORE &n%N: MAUBER,

t
SO P RS T TR SR ol HRE ek 1980
arm/SSmnHENA ahevipse L T e 8 CARMTEtiNDEENGINEBRING G MISROE ECTRONIC
ayer's resmhw@g is about 8 nWWcm [0037] In
{

F"@&Fe“rTé@N ive layer is thick enough to
pr OVf(gcﬁglheAﬂ ?%I ﬁJ tr?f?é)} Bg%de¥58% it of ﬁ?d@vdﬁﬁn a surface of

possi trans om t vice
thé aper/e{d@sbhlaedh lsgbsttditerby&heaoa@eoéralllytlmoswbmtthataet, such as the

el Srasbrpracefi Soaaibedinud S Paiknitio 5280, 08" thypicaty.
gr \W{H:Bf thed bl 157l lig/ acl‘nB@eg'bg:rc?lt‘émicg%\}a?%ﬁH?g'lrﬁiltioﬁ,ebecause

et ween out 1 and about sone
thispp lone aif |tlme1moslt flexibieoaind coskeffentive rm'atlhbdbéorbgmmérm epitaxial

=35 o SRIEICPBRUFF HaEral ok PRYaTIage 0 SOTiBg e protective ayer
by%;ﬂfa%?atl IdéBobmvRis %t%x%tﬂnb‘@”‘tra gFév@t‘hereEEbbr@%aH%%%ééa in

formthe protective |ayer he protective
conyretionwithba direchdepayt fesd dyrieg |epaax1al grdeyib s iForr @xamipde,

BRI YRR o B i Bt BeiBisce sguece oas
Caﬂée?iﬂé?é\?'tml% BhRiciQfaliUsed tbudpeatheidpitakiafy Jr&\WA protective
layer.

[0040] In another embodiment, ion implantation techniques are used to
force dopant atoms into the single crystal silicon substrate. In yet another
embodiment, gas phase doping techniques are used to force the dopant atoms
into the single crystal silicon substrate. When either an ion implantation or a gas
phase doping technique is used, the technique is carried out at an elevated
temperature or is followed by a high temperature anneal to diffuse the dopant
atoms into the substrate to form the protective layer.

[0041] Regardless of the specific technique used to form the highly-
doped silicon protective layer, the dopant profile created by the transition
between the highly-doped protective layer to the lightly-doped substrate also



readily available to one skilled in the art, such as

STANLEYWOLF & R N. TAUBER, SILICON PROCESSI NG FOR THE
wO/R@h/omes - PROCESS TECHNOLOGY (1st ed. 1986) B@mUS2007/061128

STEPHEN A. CAMPBELL, THE S@ ENCE AND ENG NEERI NG OF

M CRCELECTRONI C FABRI CATI ON (2nd ed. 2001). [0039] An

epitaxial |ayer nay be deposited or grown on a surface

crehteshm eleet-filas ehatnecrbrdasatchabye BBARSs BRI this
known in the art, such as the epitaxial growh process

ingslaseiimedhe pubstatepaBe ateating @ glggtrpdeld Tyatirsaves,charge
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caas hI's”i's" one
lajere #idop otedtiledapér #16b effectivelyreédusts therimpaevbhadiation-induced
epitaxjal layers on sem conductor material. One
evemtsat tierase f ormi ng the protective |ayer by epitaxial
deposition is that existing epitaxial growh reactors
can be used in conjunction with a direct dopant feed
IlluDenigedpsyieaxi al growth. For exanpl e, when doping the
silicon with boron, a high concentrati on di borane
sour KQ047s maenrrahithe deicerayerds sufficintlydhick gnayahdo
. | . .
cofife eER fletel o AbttBaPucliats. TFe GBIRE I iRk cbfhprise
moiectthahorfeclevel ofagectricalt devices)thug, tiee thicknessowijl vaayy depending
silicon substrate. In ffgt anot her enbodi pent_ gas . .
onyhEsrbes fidey éﬁﬁqwn@% AracPardicrlar gpplisation: nEheidpyae layer is
I .
GeRlop il IoEk T EbSD ArPhCK: HorSnsiig, fieeyics fyel WAT
typiealhnbe betweenuabdut 1 pen brd Bbbqti25 iuen thick.i Edr sermeadppiivations,
el evated tenperature or is followed by a hi

h
the sﬁﬁ@ﬁd@mwﬂmw@nﬁh@ﬁ§e¢mr?@dd%m20aw%rﬁ§iqkm'a other

. . i aver [ ] .
ceifEaRAE B T BB SGREA RS 4T P oy ik
In lyet bthed @ppticatidnse the gevite tdyier evill BE dietwéde adenantum and about

rofile created by the transition between the

profi an . . .
S5 mmdhick. gegleas pe.8t de highespeghmicroptarespeideyice.d fetnatively, for

soBfe 3bbRtoM SUERRR, i B Tt thE oR kB putHeetween
abobe5simhsindadout BY aheating an el ectric field that
noves charge carriers away fromthe protective |ayer,

and kOf&3df off @ caepty the glevicedave theesemjaanducies wafer may
un@}%?éog %bg%ﬁ%@%ﬁe@btggé%?d%gﬁﬁ&ﬁ Yeeér%icf LFeq UeFedchBel WG, The
growth is carried out for a time sufficient to form a device layer of desired
thickness in an epitaxial growth reactor. The device layer may be doped after
the epitaxial layer is grown or in conjunction with its growth. A direct dopant feed
may be employed when the device layer is doped during growth; e.g., a diborane
source gas can be used when doping the silicon with boron. The dopant level is
in accord with conventional silicon device layers, such that it is typically referred
to as being P, P-, N, or N-. That is, the device layer typically comprises between
about 7.5 x 10" carriers/cm?® and about 2.5 x 10'® carriers/cm®. For example,
the device layer typically comprises between about 1 x 10'° carriers/cm® and
about 1 x 10 carriers/cm®. Depending on the application, any one of the
appropriate P-type (e.g., boron) or N-type dopants (e.g., phosphorus) noted



events or failures. ///. Device Layer [0042] In
general, the device layer is sufficiently thick enough
W eoocompsi se at | east one | evel of electrical PEWUS®E7/061128
The device |ayer may conprilge nore than one |evel of
el ectrical devices; thus, the thickness wll vary
dependi ng on the nunber of levels required for a
alpavetray barussiop| Typacal @pplidaordefor aaldvivesiayesdgest with B-type
| ess than about 25 mmthick. For exanpl e, the device
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about 1 mm and about 10 mmthick. In yet other
applications, the device Iayer w Il be between about 1

lvmﬁglﬁtnﬁ%feﬁ éc,l?éﬁé‘t ﬁlcal?logs' in high speed

m cr opr gcessor V|ce erna ve for some
applA. cﬁbcmdeﬂwbd@wng@rgventmmer deV| ces, the device
layer will be between, about nm and about 20 mm
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) ) IS, the device layer typically
eqwqientsm‘éheé’c tocleh tram@monmn stha devicedayédrdpshe prategtive layer is
6, carrl e s/c 3., For. exa
re B el et ey S Bl rednifRT afuerE afoms from
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Dependi ng on the ap Ellcatlon any one of

dommg svel- alnethis agplisatien gthe sybistraje bas mclqpp@t tﬁyebhel@w about 1
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A0 ket BT g PlotBRV RS P R 8 b it vl psheen abour
3. ﬁ&p’ﬁ(ﬁ? sairhebide, arﬁi Qbouth Qb‘z HPeedrrigrs/cad aneHs@tevice layer

devi ces such as, g. 'y 14 16
has a dopant level of between about 1x 10" carriers/cm® and about 4 x 10
carriers/cm®. The protective layer may also be a P++ layer having between
about 8.5 x 10'® carriers/cm® and about 2.0 x 10'® carriers/cm®. Furthermore,
the protective P+ layer is typically between about 1 um and about 10 xm thick,

while the device layer is typically between about 2 .m and about 5 um thick.

B. Backside lllumination Applications

[0045] Additionally, a P/P++/P- semiconductor structure formed
according to the present invention is useful in the production of thin silicon
structures for use in backside illumination applications, such as, e.g., improved

CMOS Image Sensor devices. Figure 16 shows a typical carrier concentration



and | ogic applications. Typical applications for a

devi ce | ayer doped with N-type dopants include, e.g.
w@ome9meyi ces. |V. Resulting Wafer Charact eriBCT/US20aT1051128

Applications A Backsi de Ausodopi ng Prevention [0044]

In one enbodi nent, the present invention is utilized

to forma P/P+/P- sem conductor structure; i.e., the

profileciot adyplcarPﬁP&MBedemmofndumcm strughiré yn thipagpRtation. After a
d P+ protectlve | a

ubstrate with a hig ope er and
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art ethHstcbp &rrsalkalme étchantsh el yiéod| e¢cHaaye com'mgtsg @gmpofunds such
protectlve er is, re i zed he adde enefit
ashie G AR P HE RO G tswoeﬂdedémlﬂ RRESIHMHArEEde (KOH),
arRpsIRlfenyfrokine (NtaUH')t H &p dﬁr%p?l &ﬁaﬁt@%‘ﬁ{ é@@ﬁé“;ﬁ?@ferred

of the substrate' s | ower eve
apqujpailcamtTMAH ishsedubdhe akellhaetdwaume abeute25 mtYodveing one

PrRBRIE chsfiaiatinl B TOFAR . RechiohbgiiPes sojeciedayer 36t as an

eteﬁlsfdpeueﬁg @n@anﬁe%tém% b%céusfe {lr%lﬁ E%étfaetéﬁi’é étEEedaéi%n

device | ayer has a dopant |evel bet ween about
et&hlmglatecefrabcmt d0x 118 about aa)otastar bbamcme Fb*ar pnoéestrveria@r For

t h
g inIB e o0 Seehigan6To s ApndRe Auiaae sty an STty B yised to
reﬂrﬂﬂa@ rﬁéferrﬂaﬁfosétq@h@t thEWdshetirfsal liR€ sﬂaneé}téBb%t H’O um and
| ayer is typically between about 1 nm and about

potslsmt)kto emoe raterrivo the tashed verticablineasthowmat abetmt 6 pum.
b h ck. B. Backsj de )

TH oS T MSIERY LS A RICH SRy AU AAGFFY in 2n

elé?cé]tPo*cﬂe%lcéleééllcWﬁ%@ﬁldﬁh&r‘é@w‘s%ﬁefe?cfrﬂﬁé’ ra’&é aemtattg an

present |nvent|on I's usef Int produ ctlon (0]
optional electrechemicalipassivatidnostepafter etdiaegsi de

B CRuBRb 30 o VGl B e B P P, ae
eriflbye@to FEMERS brsubistiitiaP ol ¢Tith@ biakRistiFfhc&loPthe P- substrate

sem conductor structure in this application. After a
before exposing the remaining back surface of the P- substrate to the alkaline
chemical etchant. In this case, mechanical means are employed to remove
more than about 75% of the P- substrate's thickness, such as more than about
80%, 90%, or even more than about 95% of the substrate's thickness before
employing the alkaline etchant. For example, referring again to Figure 10,
mechanical means may be used to remove material to at least the dashed
vertical line shown at about 10 um, and the alkaline etchant may be
subsequently used to remove additional material to the dashed vertical line
shown at about 6 um. Further, the P++ surface exposed by the substrate's
removal is optionally exposed to an acidic etchant to further thin the P/P++

silicon structure and further smooth the P++ surface. In one application, e.g., the



P/ P++/ P- sem conductor structure is fornmed, the back

surface of the P- substrate is exposed to an al kaline
weetohaoss or a time period sufficient to renovReCT/US2007/061128

substantially all of the substrate material and yield

a uniformy thinned P/P++ silicon structure with a

hi ghly uniformthickness. That is, in this application

acidic Eftchant esaiprises \esslution of hyﬁdrbﬂobrhd riwiecdndPutefiotcids (HNA).
even P+++) protective layer acts as an et ch stop for

RefeIi1g AGIBEIFASHTS. 10rpe @gidieetchant Maydifpysettcwmemaaterial
e Bhehe e bie PR R ROL A ety eta e

sHoWalt) abaout Kzlv g opriate concentrations. |In one
preferred application, TMAH is used in the al kaline
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éri al rtical "'line s

ddﬂ@@lWﬂfi@uﬁhﬂboamhtmmstdm obmmemy\referrmetol & higbiyt deped P++
dashed vertical |ine_shown at about nm The etchi ng
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IlnﬂtbqianEkr%?dg%mlgﬁlwﬁﬁbl ewei'og gﬁ”c@n‘lrﬁ%ﬁ?égrrégﬁondmg to
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thmlnecprmebtwe lagerspaBei enample, H‘teeproaédtwe Iay@’rncn@g d0ihadtch
hani cal _nmean grindjn

SIS @E%? leg B toy & 7D Pk e AsS dBAR 2oam. less than
abRit Y s‘ﬁﬂ tﬂlc t fCeRAfiess ‘fﬁ%}rﬁ%éo@tf 0 Fgﬁg I?F(l)l}pﬁ Wbé@ta%p%étﬂfﬁe the

expo e remal ni ng sur

protéetive M)@rtfmméreccahﬂmd;em@edbm asla @ystadlatticd straihirsliever,
are enpl oyed to renove

case, I an re
W'%'ﬁ'&HeHBBEE ei lﬂ?‘&ge FPf%‘iPEOtg‘E!B’ﬁ'?X ktoshavg Qfﬁ@@stﬂpcé‘[]%ses than

BB B0k i Bl Y BNk 3l ana
abﬂiultaBImﬁ tieick hsudh as-betweempbeut I gfeand agoagtd pm tlmck In one

gure 10, nmechani cal neans may be used to re
anpéit:@tmralthe gexice) layeitis bebvear pbaut/2m aad ahorqlé5s+mmclat

CunstaEs | T Mo RS, AR ThAcBiog Pr sprfgoe '
snﬁi@ahed/hmrmirﬂmhzdsl liyht scattering during backside |Ilum|nat|on. Also, the
doping gradient formed by the transition from device layer to the protective layer
creates an electric field that promotes electron migration away from the backside
iluminated surface and toward the device layer, which is advantageous in image
sensor devices as quantum efficiency is increased at photodiode junctions.
[0049]) Having described the invention in detalil, it will be apparent that

modifications and variations are possible without departing from the scope of the

invention defined in the appended claims.



shown at about 6 m Further, the P++ surface exposed

by the substrate's renpval is optionally exposed to an
wa@ediodiogooss chant to further thin the P/ P++ siliPORUS2007/061128

structure and further snootlth the P++ surface. In one

application, e.g., theacidic etchant conprises a

sol ution of hydrofluoric, nitric, and acetic acids

(HNA). Referring again t exXANMRLESLO, the acidic

etchant may _be used to renove material fromthe dashed

ver t 122501 i f8edatiowinginamplimiting examries pee REavides to further
nuY&F%té‘Eﬁv%Péé%%tﬁ{‘ ﬁt about 3 nm [0047] In this
| cCa e

duBStrate has a dopant | evel bel ow
about 1 x 1016 carriers/cm 3, the protective |ayer has

| of greater than about 1.0 x 1019
car rlgggg@%—%’g such as between about 1.0 x 1019

carrpeds{ € m'l’@\/oatg?eék%? %nﬂu&&&cﬂ&%@%@% WEP{ éee?r?ré;% th8first

exanpl e, the ective |ayer ave

type BaxingCd B- sabsuraestepre%ran@ arbemembla)yseﬂrﬂw\ductor wafer of
carriers/cm3. Silicon do&it Wi th such. concentrations

th ﬁrpéem\fﬁr!}'qne\a@? g seeo Yrﬁ’ied?ﬂ‘ﬁmgj@ it pubstiate ofgpresenting
a ?érﬁf’co%'dbbfb? Wafdy Rhdwn 'lzﬁJfﬁeh%rt Fﬁ WEF@ﬁ%d’f‘ort%%h

protective layer is limte catlon
tyibe ghsemimpidugtoravafent The |sermccum)‘uowmaﬁélr$1 baviagtihi sutstrates

tecti I F tect I
hagL4 eAfies ConREN e e?o&epex cejpiadaioe et i umensation
1
of FHoLEH 102 Wit crPPeabidg SpBPmatly 2 2R iRBTHE worbia
pratzative dyevmaviriyea pontenttation d>faa}cmutf1m uo@rcawmrom%adéhded
taI lattice, strain reliever,

s.a.cr
fr%@%&?@ﬁtoﬁ@bﬁfi 19 aHBHbéj Hpn bite the waferagad wtmée having a
4 B iJaal
C o O P e DR e BB oo
thé depth ohihelwafeun.c Mhessdpsitorductabwafer? hawingreh--albabistrdtes had a
mm thick. In one plication, the device layer is
Capug eUICeRaLPN BT YeranR, eyic ¥ehinaving @ 6apfentfation of
I i

PR AT T LRPRASS PRPISK Rk PERI I8, (8 rter and
suthstrateghdndng wi ccatmcnehtratmnmf abaut Aksi®; t:amedypnrﬁgxtended from

a%@%ﬁrﬁh@&%ﬁiﬂm&@ "6t biarealein 1DedloHTE Plaftratcr hzen
SRR S RLIARS MENSR FRpesiiel, |
is ammﬁmagdﬂmtablyn Figuge 3santséishdevthattheasarjendopant profile
assoc1a“fe<jE tx éaschlt{/]ger %?ggglc%ndugto(}r%éfgp |% g%%trrlué) Po a depth of
about 4 um, i.e., both types of wafer share a P/P++ transition at about 2 to 3 «m
from the wafers' front surface. Such a transition confirms that device failure
protection will be present in the semiconductor wafers exemplary of the present
invention at the device/protective layer interface. Also, the doping gradient at the
interface between the heavily-doped protective layer and the lightly-doped
substrate creates an electrical field that further reduces the collection of charge
carriers generated in the substrate below the device layer, thereby improving the
protective function of the protective layer in the semiconductor wafers exemplary

of the present invention.



[0049] Having described the invention in detail, it

w || be apparent that nodifications and variations are
w@omgiowioss wi t hout departing fromthe scope of P¢EUS2007/061128

i nvention defined in the appended cl ai ns. EXAMPLES

[0050] The followi ng non-limting exanples are

provided to further illustrate the present invention.

EXAVRYGS ] [ Gﬂhéirharrmdbymwarsfthenmecfonﬂedtawwam‘rsdepucted in

repar ed the first type having a P- substrate,
F'%ﬁﬁségéﬂ didngndar tweganditianss dnifeFmdiRatine ansk leralized Inet spots.
Tlﬂar glﬁftﬂéttlér{’sv\?gFér gé‘%%lt%%ﬁ L& ﬂgéﬁng %gg%ﬁtlépezd%/a\f*é%% c%ﬁauctlwty
dltfdanenaetbéet\IVeély Fllghtﬂsoﬂapéd Pasnel hw/glyfdmpeda%? tubﬁraiés The two
sem conduct or he sem conduct or_ waf ers havin
copditiQnsyere: Bede V&'ﬂ& HPY"PéFj's&rMEM‘P QtZQ)Pi‘nb XA4 Mg Q'Qd

re%e?l&l 1%% t‘iil%\ﬁi'étﬁ:a, g\/ e e%g g%rt‘?t%%%r\hfoai i >§f mnﬁr]h%‘#fd

carriers approxi mat el'y

squares.t Rer maideting waﬁenst waddrtiee uaiferm heatmg; candition, an operating

conc nt on of _about .1 019 ca rs/c ext ende
PRI 1 GO Was iR B tRgoRNeT Shend DIHTOR 2RanRedred. o

i 0 f:

m3e iaftiPRith Tocalz8d 1Y <Pk BABEAIH Kt 'Pna?%ﬁéféﬂ‘ﬁ%é' e
16080\ veets cdrecendiadad inTtweo detached d ouh or 1maf gnid shaanesdo

.P++ substrate dacarrl concentrati.on profile
st it sbals ol nafusiing, feSne ohelalidia brBrating Sawer The
mad&lintOW8s %arriéoeasm/feﬁu% PIdkpRESEs BPP5@%TBAE 5002 AMinde er both

intothe wafer and substrate having a concentration o
coabdionsl Dhel@balts af theethermal Bhogetieg deel showmmummn Fahies 1

h the depth of fer. The d i
a3 ffas ngﬁléﬁp%g B dReShm LD AR W BralEd hot spots
coﬁaﬁ% 'ré‘sd@cWé St he cg?féi aélrsi)%%@ﬂnew ﬁ?éﬁytraféfspéc?éﬁlégnt of

and showt a opant pro e assocl ate
0.4 leaa&ﬁtttpp@Odbnseﬁiheomduwat& whitk is baseachen pabiished walues
m%%t " f about 4 mm i.e., both types of wafer share a
Perf'Misition at about 2 to 3 nmfromthe wafers'
front surface. Such a transition confirns that device
failure protection will be present in the
seni @MRidet or wafers exenplary of the present

S R B e [ RIS e T Mastmum T (-CF ™
250 um 65.0
e+~ .
500 um 65.9
P 250 um 64.8
""""" 500um | 656
Table 2:
Substrate doping Die Thickness Maximum T (°C)
250 um 97.5
P+
500 um 90.1
P 250 um 92.5
""""" 500um | 857




interface between the heavily-doped protective | ayer
and the lightly-doped substrate creates an electrica
wo p@hdotosat further reduces the collection of PCEHD§®07/061128
carriers generated in the dubstrate bel ow t he device
| ayer, thereby inproving the protective function of
the protective layer in the sem conductor wafers

exenpi@g4] ofrhehespitestthie thenﬁaltmodel[r@%wmrurtder uniform
nodel i n%gvvas then perfornmed on wafers depicted in

POwey HHigteibytigmdooth lWﬁ;f@fS RRRIdecHaNilar bRat d'§ﬁ'PﬁB‘me segeificglly.

T8 4530 558 APLeBD 08 SRR VP s s

thdlnﬁéﬁmmdldatehwmatdre géacthed:lmrtnﬂh fhe ﬁ’ncéubewaﬁel sardp:lpedvas
P+subtrates he two conditions were ed w
Gilower fﬁﬁf@jz?%ﬂﬁ‘ %"lﬂlﬁsxa%orﬁn%ﬂqvber f°f the 500 #m
T Bt P oo B4 G

comagatratidve of aigiermvafesi substratedhas bittle impaepen dieatdissipation
power of 160 Wwas uniformy distributed over the 20

umr%nﬁgrme@ﬂna To nodel wafers with |ocalized hot

300! fyods OBRN it ABUEFTof REAASPRET Y. Fhoie:2 468As Wat he

was concentrated I n
smﬁummtbnwafmmwng thetPsamsﬁtraw Mc&ereﬁelatmmldmipéted heat

fragaing (oD D! SRS e qc cally RO dS sybSists et sares Fgsulted in
a anégﬁfuRodlg tér%@%féth prBQﬁnét%Qﬁ# Zg I?\fvgmﬁ éﬁ?%ﬁﬁ}lm sample

eling are ow I'n

arciot HeE<plondr gr the 5003Mmémplmhaattlne1mamndm dierteaperatouees of
| ocal i zed hot_ spots condition, respectively. The nodel

thalcgaeaagmf@a Ryt *h%‘élt?Stfartﬁr‘f‘éaf @FS. coefficient of 0.84

t nﬁ%tr
n g%%ts]hezgv uée{sw% EB?@? |tera fﬁglso\#?%ﬁgd t5f
dehhenstesdte the differémee bétvern theweferafyoshthie Hadt apoﬂsmulat:on
uni farm %vver distributi pr ov

. ., both waf er
Figures| xané 8are flirestemiq ‘Hﬁ%}w@@ 3 FQ!\A%I tleﬂiﬁint?a%péahogﬁ%%um
++
wiffPioui@s HAMRAG Bt ind G FRTGRIRR AP Ot fHE Wt iida Per
suggga% arsal Elsguretﬁes Feawipg dise temperatyreCcahtéund maprof ttios wialfer
msa es a

hayH19:3 EmsuPsirais: Signisny: Figues %1%2%%%291?%%6? B ElpEth 2
ol g0 SOD5. A8 RS 3y AR et cotour
map of the wafer having a P++ substrate and Figure 8 showing the temperature
contour map of the wafer having a P- substrate. All four of these temperature
contour maps show that the temperatures in the 1 mm x 1 mm grid square hot
spots were less intense in the wafers having a P- substrate than in the wafer

having a P++ substrate.

EXAMPLE 2

[0057] In addition to the two semiconductor wafers formed in Example
1, seven more semiconductor wafers were formed having different substrates, as
detailed below. Apart from Sample 95 below, all the samples were formed

according to the CZ growth method.



under uni form heating. [0055] But in the nodel for

| ocal i zed hot spots, Table 2 shows that the
wa@egroosict or waf er having the P- substrate nmpCEUS2007/061128

effectively dissipated heati8fromthe | ocal hot spots.

Specifically, the P- substrate wafer sanples resulted

in a maximumdie tenperature approximately 5 0C | owner

f or tdwes 200 Ferpariadee cinbis4txanile! Merﬁl@bnﬁb@toE%féﬁTbrmed

anpl e than the maxi rum di e tenperatures of the

haymg adhewstigterfremsexample: tisvefesred tg a9 semplelpewhelaas the

sFREOAEPRR el FLAR 1 EslPr & {obifln SRORREIG B2°

si nufgds oN. Foiteer,cSarhpRigl & #s6miionaitictst Waremaéﬁmtmg
wth a total thi ckness of about 250 mMm with Fi

e%ﬁﬁﬂ?'t‘VgOft Rt n@%‘ﬁﬁélr heumeatesal that 'Sﬁﬂp%* at %@Wﬁéb@g’veen that of
v P++ t s how 18
BRSO R M S48 4 R
ca$uléxslcrra?e Sinilarly, F| gures 7 and 8 are directed to
wafers with _a total thickness of about 500 nmm

Fi guweo6701_sh§mfdet9|4éstaeﬁﬁmucaﬂq\d@%wa@‘@monwamsfevgtsﬁetlally of
sil fnerha 14l BEin ncf os\kmﬁ'b'bfﬁ ?hgﬂ%a r\f %@g/?év%'iko‘f‘”sn%é??atenal

nperature C

cmnﬂnaied&ées ther aboutr1 of Ol”hlt?étypé eapwrglbtrﬁearrdolesgtttnamabeut 1x
show that the tepperatures In the. 1 mmx 1 gam
Os, D‘aWEemfr'%rﬁfﬁ@ el asabout Joehde 9%”?%@%9%‘?%0“ dopant.

h
cubstiofy SRR E30° Atatipbaball MR cqr P sEritally of
silom matuéhartfarmem?mdihgrw&l?ie iflnaEz?mmeth%d ??d belrlg)dcmed such
n or, wafe re. formed having differen
théﬁ'm C'rgaf"@ie”adsaﬁgg n?‘ﬁ%"b%?"ﬂwe art f?om Sanpl e 95
bel ofoe} Eﬁﬂ ggg'.@ y@ﬁi%oﬁea&sﬂg@mﬂsmmgﬁsgaﬁgﬁg of

gr o net ho or purposes thi's Exa ,
silom mataﬂ%bemg\m;md $uohnibat héa/anaieﬁal asldefined dorf Sample 94,

r&anﬁle 3] i S refe&r{ed tF as sa e.9 1, whereas the
PRVIRG GURYSONRERKRTIRR O AYYIENBR er§Ut@§rate is referred
to ag@edP! Safttple 0708 séﬂ'&:bh&ﬁctoﬁﬁ)ﬁf’ér%o‘?%ldtmg%ssent|aIIy of

sem conductor wafer consisting essentially of
silie@nenatarial be@g dopedesucihl thahitis Ps matpeal, as d@flnedécbr Sample 94,
andeha\{\\//elr?é] athr}Sh concentratlon of oxygen interstitials.

[0064] Sample 98 is a semiconductor wafer structure having a
substrate that is doped such that it is P- material and an epitaxial layer of P-
material formed thereon, as P- is defined for Sample 94. The P- epitaxial layer is
about 10 pm thick.

[0065] Sample 99 is a semiconductor wafer structure having a
substrate that is doped such that it is P- material and an epitaxial layer of P-
material formed thereon, as P- is defined for Sample 94. The P- epitaxial layer is
about 50 um thick.

[0066] Samples 91-99 were subjected to thermal conductivity
measurements at 25 °C, 50 °C, 75 °C, 100 °C, and 125 °C. The results are
graphically represented in Figure 15, which shows the lowest thermal
conductivity for Sample 92 and the highest thermal conductivity for Samples 91

and 94-99, regardless of temperature. The fact that Samples 91 and 94-99 all



the invention's protective |ayer and substrate, such

as about 5 x 1018 carriers/cm 3. [0060] Sanple 94 is a
wa@egroosict or waf er consi sting essentially of PGI/USMOTI061128

materi al being doped with B®th P- and N doping

| evels; i.e., the material conprised | ess than about 1

x 1016 P-type carriers/cnB and | ess than about 1 X
digflagedistipstantially siatilat tiddmat cohdactivith @rofilés indibdtes that the

carriers/cnB of each dopant. [OO61LtHSaan e 95 is a
vasiablesorfianaest betweep these sam ?l'@P?(jt@T‘ﬂ'&q“{ thegmal

cd['@f.l%{lv@)ope @%ﬁé@f\ﬁﬂ% 3@55I8}5§Q % éﬁ?‘; &%ﬂ@tl\?j& Qén}g/g%ﬂd

SérapleB@phée thd grduoRSadpigy @1 3hdi%e-99 s Fhisceurdinsisdhat a silicon
waf er consisting essentially of silicon material_bei

Stﬂ%‘é@ SsERMNG gancentratiords thﬁf"éf'?glle withy tr@egrwtﬂ@)fl‘uencegon the
thg‘ I| c‘i)r%‘ﬁctlf?‘lESF| P@g%@%ratﬂeoq&tﬁ %ﬁ}%ﬁféta{tﬂ}dt A, dﬁ&ﬁ}%ﬁ@@ in thermal

eI‘StItIa IS a sem conauctor

co:vmihetlwt;oaisamutmﬁ KSﬁem Sah'ipye )4 ts iSanomles Pdtaertd 94-98ewhie an
doped h th P- i ned_for
'”@'&ﬁ‘ﬁ?éﬁﬁ OUE\E‘\S&/%%RI fen‘gP%‘dﬁut@ QHh&%ﬁ &a?ﬁﬁ% RIS Kt the

sénﬁ‘u%@ﬁ&&éti)f ﬁrﬁctuiﬁgf“’ﬁ'ﬂe ingSm} %@desscﬁ é&'ﬁ'e?éi d&'lgg%gs t least a

wafer structure having a su stratet 'S
5%ha¢re|at5e ||r$tl'lérmmwndla¢tlvayl ct dme tqmnpamm'bslbeyweembbout 25°C
er|1a£,:5 rmed thereon, as P- is defined for Sanpl e
p| taxial layer is about 10 mmt hi ck.

[ 006ﬁao§ﬁmwh&9tne§te@m§e% thUfﬁbely-%E)SB "ohefihMded," or

havi ng a substrate that iIs oped such t hat
other termsl arehphrases pefeamgato dlepgants afe Beed dereih, it o todok

RITT RN T YRR Y ——

exPlicl stREel cthbivasd.ed to therrml conducti vity
measurenments at 25 0C, 50 0C, 75 0C, 100 0C, and 125

0C. Mes8ksiVhen mt@dglcmwelemelrﬁs ofemeemeaeetdnwuntmrgqrr@e

1 ' h he, | th l,_.condug "

referrad e G od tRAMsls) TheyRE the RUfGIER "olc odls finbY abd 58tk are

infendebas nfedn &t ti¢re%te JrROGT MbAS &6 Bie éléﬁ‘ﬁﬂtsﬂt vh@terﬁhse
fact that Sanples 9 1 and 94-99 alldjsplayed

"compsisingl’i an¢lydisgrrandhaviegnare intendest ioke incsiig arg mean that
thé@h%@tbeesaa&%nélr@ements other than the listed elements.

[0069] In view of the above, it will be seen that the several objects of
the invention are achieved and other advantageous results attained.

[0070] As various changes could be made in the above products and
methods without departing from the scope of the invention, it is intended that all
matter contained in the above description and shown in the accompanying

drawings shall be interpreted as illustrative and not in a limiting sense.
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vari abl es changed between these sanples has little

i npact on their thermal conductivity. Further, Sanple
w@odiogpsays a thermal conductivity between Sap@l/ESBR7/061128

and the group of Sanples 92¢ and 94-99. This confirns

that a silicon structure's doping concentration is the

variable with the greatest influence on the thernal
W&HKTﬂlSULW'IMED reover, the data shows about a 23%

i ncrease in thernmal conduct|V|ty at about 25 OC from

Sanpl-eAgEMigorBugIPEWater cosmiisdng:o9, whil e an increase

con T Suis T Ie 2 28a1 A POl P and B gt surace tha
areryemetrallyperpendieataritd ¢k bemealraxusiIasmwmfeaéntiae@ageaaﬁafca

increase in thermal conductivity at the tenperatures
raaus/@@ﬂn%auﬁonz@meeratﬁ%l afola thf%rwmfe[mewd%éﬁherﬁm the

subfiaRe hHS B pain cbh et 980w a1 L AaRietsicnd

erms rases referri ants are used

her ea silicon demcéda)k&r ander st ood that elther P-type or
N-type_ dopants are being referenced, unless explicitly

st at%l'“%@’h erotestive layeedisropes betweenithe #R)ies Byenesd 6'Fe
5B BB Pl 6 ORI Ptcer

abiout €r@ird Of ocareiers/cimd tandredomit ArGx d®é° carriers/emdint having a

. ts., The t , | udi d
KRBT G AUPES! FRUAGEE b be i 2% usi ve and mean  hat

th S I

el ::rent S. FﬁB‘g‘g‘f&{dﬁ Vi efv?/?o @h%geﬁn Ema{*?&b\}eel Iéggﬁhas @

thickaess betvesmrealbdutobj.ecarsd abowﬁeurmventl on are achi eved
and ot her advantageous results attai ned. [0070] As
various changes could be nmade in the above products

and ﬁ?ﬁ@@énﬁ"&ér{m}& Aﬁé’!%“oé‘ E%ﬁgﬁf&hé%@n ﬁﬁ?g t?éti\}ehgy?rnis

i nventi on, 'S | n ended matt er cont al ne
ddxieel wiuweioqlmd: copténtratmmdetivesn dbout B ad0dhgeamigisign® and

shal | be ipgterpreted as illustrative and not
achth“CF?ra FRITIEEYSE WHAT 1S CLAIMED IS 1. A

sem conductor waf er conprising: a substrate having a

central axis, a front surface and a back surface that

ar e 4ehbe abmiccpfummumﬁek af claimtthehersin thee peotedtjvedayer is
doplerdcwul g opan conce%etfatlon%e%ween about 3.2 x 108 carriers/cm® and

about 8.5 x 10'® carriers/cm?®.

5. The semiconductor wafer of claim 3 wherein the substrate has a
dopant concentration between about 5 x 10" carriers/cm® and about 1 x 10'®

carriers/cm?®.

6. The semiconductor wafer of claim 1 wherein the device layer is

doped with a P-type dopant.

7. The semiconductor wafer of claim 1 wherein the device layer is doped

with boron.



radi us extending fromthe central axis to the

circunferential edge, wherein the substrate has a
walepantoosdncent rati on bel ow about 1 x 10 17 carCT/Esmbvon1128

3; a silicon device |ayer; 2and a silicon protective

| ayer di sposed between the device |ayer and the

substrate, the protective |ayer being doped with a

dopat TherearEsmducor Wetares @ladaolivherdinx 10 17
carriers/cm 3 and about 1.0 x 1020 carriers/cm 3 and

havithg subsiatadsciapesiwith alR-here dopant in aaeentatio hetween
AREITIECO LML ES 2l o8 ik PBBLRIdA k. pr ot ect i ve
aye

has a ness between mm ahd about 5

nm .th8 profButive dﬁyerdmdupé@w:meé Brtypé d@banmnla vberceitration
theB tective |layer is a ang
betwse %XBQ V\%’He&%%t asd@bpum 01’8 19ar¢araegs//@m .3and has

[ . . The
a@ﬂ%%%% etﬁgrgn\)l%}ag)& Jrzﬁ;ﬁ%:'nﬁa%f t\?\ﬁéﬁgi %ncg he protective
| ay etheidevitzpladet isvdapedt with a RItigrepgasanittih a concentration between
ccognnecgennttrratyjon bet ween aq ut 3.2 x 10 18

at&wr.éﬂ@/ d-‘rﬁfﬂefér‘fii“ ea@@bsus4%h§b eBMMeAS/EMr s/ cm 3 . 5
The sem conductor wafer of claim3 wherein the
substrate has a dopant concentration between about 5 X

10 191 The rseatisormduciorandfenlpd glairh Xwhéreih: carriers/cm 3
. The sem conductor wafer of claim1l wherein the
dethé HTQV@F'V‘? ?Y&éﬂfeﬁoﬂﬁ*@ With &PPttyB@ d@@ﬁﬁh'ln a goncerfgation
r 3 r ) 3
@ ayer 1s doggg‘“*&?rrnegg/cﬂ %g@%q]dgfge%kggﬁdg%rggﬁlﬁﬁ} and has a
thicknessbhiesswham about § hen;sardstrate is doped with a
e dopant in a concentration between about

1014%&@?“&@%%3’%\’{996@899 t2 um aodeaboat r15e/rf§/”6'ﬁ*)<(3

the protective layer is doped with a P-type dopant in
a concentration between about 3.2 x 1018 carriers/cm 3

and ‘HhoTihe 3eficoridutforosafer ef slaormBwhargin ttaespmtectlve Iayer has
t hi ckness bet ween aboyt 1 m and about 10 nm and t
a fckness| %’5 szwrm@ng tbedgyicedgpanie hetwgen ‘about 2 um

arkPASGRY A t%'ibl@et ween

11. A process for the preparation of a semiconductor wafer comprising a
substrate having a central axis, a front surface and a back surface that are
generally perpendicular to the central axis, a circumferential edge, and a radius
extending from the central axis to the circumferential edge, wherein the substrate
has a dopant concentration below about 1 x 10" carriers/cm®, the process
comprising:

forming a protective layer on the front surface of the substrate, the
protective layer being doped with a dopant concentration between about 6.0 x
10" carriers/cm?® and about 1.0 x 10%° carriers/cm® and having a thickness of at
least about 0.5 um; and

forming a device layer on the exposed surface of the protective layer
parallel to the front surface of the substrate, the device layer being doped with a
dopant concentration below about 1 x 10" carriers/cm?.



about 1 x 1014 carriers/cm 3 and about 4 x 1016

carriers/cnB. 9. The sem conductor wafer of claim1l
wob@rewsst he protective layer is doped with aP@HUyPe7/061128

dopant in a concentration &bove about 1.0 x 1019

carriers/cm 3 and about 1.0 x 1020 carriers/cnB8, and

has a thickness of | ess than about 5 mm and the

device | ayer is between about 2 mm and about 15 mm

thick. 10. The sem conductor wafer of claim9 wherein
t he 1 of Be precess8feciainnt1 whereinkhe psotgetive: layer ifgiormed by
' | ' ),

o GR3H De SRR e REY e B Al TooAEHE ElnPROHy <fidBR and o
dapaew & deposit afsilironepitariatilayieor waf er conprising a

substrate having a central axis, a front surface and a

back surface that are generally perpendicular to the

centyal [ Cl¢ [ j

exct el TR pRaseRer S F1iherh (8 ForcBite RyEPls Himed by
impilreingvdsraait iorishie thalssirfage of ltes sabstegtant concentrati on

bel ow about 1 x 1017 carriers/cm 3, the process

conprising: formng a protective |ayer on the front

surf ; Ar [ [ ol ;

ol T PSSR, 1 BRI 1AS S )b Brposing
thé GLrfacarof thee sulbstritedoad geasocamprifing ald@tantdo foren a/gas ghase-

and having a thickness of at |east about 0.5 mm and
dopsdA¥el- a device | ayer on the exposed surface of the

protective |layer parallel to the front surface of the

substrate, the device |ayer being doped with a dopant

conckEnt The ipoocdss| afwlaibott whexeihGh& peetectiver ByenBad 2. thickness

The proce of claim 1]l wherein the protective |ayer
bqt\é'eﬁﬁﬂ??eﬁﬁw&@assawt HéMsurf ace of the substrate to

an at nosphere conprising silicon and a dopant to

deposit a silicon epitaxial layer. 13. The process of

cl ai 16. 1The'weoasss aftoiaipr. bt adereie thaypeotectvd myeets doped with a

ccpigpt EpapertaBh heneRRcanale ok x 0% Gieprr Brd abaut 20 x 10°

carfié@icrh@yer is formed by exposing the surface of the
substrate to a gas conprising a dopant to forma gas
phasedoped

17. The process of claim 11 wherein the protective layer is doped with a
dopant concentration between about 3.2 x 10 carriers/cm® and about 8.5 x 108

carriers/cm?®.

18. The process of claim 16 wherein the substrate has a dopant
concentration between about 5 x 10'* carriers/cm® and about 1 x 10

carriers/cm®.

19. The process of claim 11 wherein the device layer is doped with a P-
type dopant.

20. The process of claim 11 wherein the device layer is doped with

boron.



| ayer. 15. The process of claim1l wherein the

protective |ayer has a thickness between about 1 nm
waea7aoss 5 m 16. The process of claimll wheCEUS0DT@61128

protective |ayer is doped @th a dopant concentration

bet ween about 8.5 x 1018 carriers/cnB8 and about 2.0 X

1019 carriers/cnB. 17. The process of claim 1l wherein

the protective |layer is doped with a dopant

concentrati on between about 3.2 x 1018 carriers/cnB

and 4abolibe grocsssaf plpignf T WheseiBne. 18. The process of

| t
cond e SRoEREls Uddlt P -8, Azt it ARBAkenyration betyveen
atﬂinml.’itx 10% cHprérsiomt ard aboot 8x 109° cahiergientess of claim

erein the device layer is _doped with a
dopat ?PTQGC"'W@YGF b?cg%%e W'tblaaPﬁVE deRarking 9%’%&!&@“9@

bé\}\ﬁér@é ia'f??au?ﬁ.gaeg JE’";: %apgfs%hzaﬂ!d g-[)laﬁ Erd))? 263’ t'%frrlgi s‘?c’:rﬂ" 4hd has

I'S dope

a thicknesehetweentabout hemvaad a@wﬂﬂo,@m dfdl4 carrier s/ cm
3 and apout 1 x 1016 carriers/cm 3; the protective

I ayéF‘eld§Vtﬂ?@déMeWt®P§dPN'ﬁ§/Eé° a@,%#fapanﬁ inaconsentratien batween
H%%m%?'i‘oa%%?é{‘énx ﬁoﬁ@i &'ﬁi‘ {gsméé/ sabout 2.0 x
carriers , and ness ween about 1

mm and about 10 mm and the device |layer is doped with

a P-t dopant ncentrati on between about 1 X

101@%%??8 %9%%03?1 ﬁabﬁ’uh@r%'”x 1016 carri ers/ cnB.

22. (BSUBERSRER bl BT PRGN if BoPHBR AR Ebbfveen
onc t ween

pant entration
atnimbﬁtx 0% c]amars(mnsr ard about ‘B xafd® abwiers/en®; 1016

Co S b ohea P haSh Bl Ble et B e rapor
anégﬂg‘a?bhl ¢105% 40P GitfleRROH? ahd Apbul 92°x 48 dfFigfsFHEHR®, and has
a thickness of less than about 3 um;
the device layer has a thickness between about 2 pm and about 15 um;
and
the process further comprises a first etching step, wherein the back
surface of the substrate is exposed to an alkaline etchant for a time period
sufficient to remove substantially all of the substrate, exposing the protective

layer.

23. The process of claim 22 wherein the etchant comprises a compound
selected from the group consisting of potassium hydroxide, sodium hydroxide,
tetramethylammonium hydroxide, and combinations thereof.

24. The process of claim 22 wherein the process further comprises
exposing the protective layer exposed by the first etch to a second etching step,

wherein the protective layer is exposed to an acidic etchant.



a thickness of |ess than about 3 mm the device |ayer

has a thi ckness between about 2 mm and about 15 mm
wa@ea7odwspr ocess further conprises a first et cPCTyS2007/061128

step, wherein the back surf2#ce of the substrate is

exposed to an al kaline etchant for a tine period

sufficient to renove substantially all of the

subgig aTRe pPIRAS! dTLIAiIRE2P WPePShitNE acREEtchddt cdMBrises a

process of claim22 wherein the etchant conprises a
saluigioefydsellearice aitfic ocand Beetipy acigs.consi sting of

pot assi um hydr oxi de, sodi um hydr oxi de,

t et ramet hyl ammoni um hydr oxi de, and conbi nati ons

t herzedf Th@procEe d¥icmiins32 aheféiithe plotebiveiayet REs a thickness
process further conprises exposing the protéctive

of leseethasghesd @ By angethei deyicelayar isdrefweed @houb2gin @gd about 5
S&ﬁg wherein the protective layer is exposed to an
#mthigk: et chant . 25. The process of claim24 wherein the
acidic etchant conprises a solution of hydrofluoric,
nitric, and acetic acids. 26. The process of claim 22
wherein the protective | ayer has a thickness of |ess
than about 2 nmp\ and the device |layer is between about
2 mm and about 5 mthick.



