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FI ELD OF | NVENTI ON The invention rel atles to,a process for Low ,wf ”
xide (LTO deposition of a 5 backside seal ’for waf ers using Low Psgssur e
Pl asma Enhanced Chemi cal Vapour Deposition (LPPECVD) and in particular to a
two | ayer LTO backsi de seal. BACKGROUND 10 Aut odoping is a problemthat
occurs i nTWO LAY ERELIGBACIKSHNESEAEIFOBrA dPAFER al deposition. During the
heat cycle t I | process, the highly doped (p+) silicon
substrate lﬁPfﬁEéﬁg}J}fﬁﬁg nt atons through the backside of the substrate
| eading to an unintentional overdoping effect on the wafer frontside. This
is nost noticeable at the edge of the wafer. This |eads to an inhonbgeniety
in the epilhesiventignpelates to afproeess Briepn dempprature Qxidendd QX depositiod@fiace
manuf agt u . [ d t he ORj effect.
Var i oﬁg té§%§W%ﬁ%g§g§W%?ﬁé %ﬁgo?‘%ﬁug?eéé%%?l#@anlég]ﬁgl}fegi Sggﬁt“ggle&agg’ﬁese can
roughly b®epbsitibry((FRECVIDParal ingagaitalar o aivb lagey-I0T@ dackskleapg| | cati ons and
further into processes that utilize the ignition of plasnma (plasm
enhanced: PE) in chem cal vapour deposition (CVD), which nmakes used of
pyrol yti cgkeseoERR! Ysis of silicon and oxygen bearing carrier gases. 25
Haze or epi-haze 1s non-localised light scattering resulting from uneven
sur;ace t opogr aphy ]gm cr_o-rou]ghnte_ss) orsfrpm denste concfentrat ihonjsdm;1 I
surface or near, surface jnperfections. Sem conductor wafers shou)d have | ow
or ol pi AWipAoPing; jsnp qrpllem that ofenrs dRpyilico; yalesy that g vsed JPE eptprial
af fect t hgeddsliBn0 Ditingathe heat Ry ¥R b theDith AN Eroliist, And'highIyf Adpdl 3p-+)8SHcdnS MOF €
vul ner abl eeég war pagleﬁé?hanc% %af er Ie:}%]er V\ﬁrﬁ _Iso’w fifgmyfst rﬁggzl?_)i ~~rr113a~~W
substrates diffuse out dopant atoms through the backside of the substrate leading to an

unintentional overdoping effect on the wafer frontside. This is most noticeable at the
edge of the wafer. This leads to an inhomogeniety in the epitaxial dopant profile

15 Dbeyond the tolerance of most device manufacturers.
A backside layer on the wafer reduces the autodoping effect.

Various technologies are used for the deposition of a SiO; layer. These can roughly be
20  divided into atmospheric and low-pressure applications and further into processes that
utilize the ignition of plasma (plasma enhanced: PE) in chemical vapour deposition
(CVD), which makes used of pyrolytic surface-catalysis of silicon and oxygen bearing

carrier gases.

25 Haze or epi-haze is non-localised light scattering resulting from uneven surface
topography (micro-roughness) or from dense concentrations of surface or near surface

imperfections. Semiconductor wafers should have low or no epi-haze.

Film stress is the compressive or tensile forces that affect the film on a wafer. A wafer
30 layer with high film stress is more vulnerable to warpage than a wafer layer with low

film stress.
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2~ One existing system provides a single LTO | ayer on the backside of a

waf er. However the |ayer produced is typi caI'Iy t hi cker than 500 nm and does
not solve the problens of haze on the front 'face of the wafer and warpage
of the wafer. 5 SUMVARY OF INVENTION In broad terns in one aspect the

i nvention conprises a two |ayer LTO backside seal for a wafer having a
first nmgj @mesemﬁngsyistanmom ampgle Lﬁlaibyammﬂub%ﬂgldewﬂmfset r HosvelerO | ayer
having a first mgj @d a secon side, the fj

of the |owelleygtnr%d§gceﬂ15dyn>§9 y t 15@}%6@%50(%30*“6%(1 fagsRot splye t pwﬁ@ﬂ%éj erSI and
a high StpER%IAOHCRYREe Btk ard dhll WilpdfBloPtneSiler and second maj or si de,
e high stress

the first major ayer adjacent the second mgjor
si de of the | ow stress LTO layer. In broad ternms in a further aspect the

|nvent f forming a two 15 | ayer LTO backsi de seal
for a §ﬁ%§g§?mﬁw(&des including the steps of formng a |ow
stress LTO |l ayer having a first maj or side and second naj or side with the
first major side on one major side of the wafer and formng a high stress

LTO | ayer Inipriond erfisris oneragpset the msveamn ewupritgs mayvolayst BEOdmckside saadford maj or
side of the |0 stres Iln . broad .terns i.n a further ect the
et ond St el D holar i land 3ot dha OB i€ bonridind a i el PRACCH L
a first nhjyer h&iifea dnst rhajsesiaodndrajsecondifigor §ide,ake Sitst sgorside bfyheriowavi ng a
first major side and a _second major side, the first maj or side of the |ow

st r est) LTeyrgsaydiO éﬁypaé@ment keong maor sigle the wafess andhashwh trgpstTat léyerand a
hi gh streggt fﬁ»?t r%%gﬁ!r %1?19 a%?'sg&indgﬁé{ g).f' p@ tfﬁstfrhéj&f]sﬁgbf %He "étr

second maj of ress |con
oxi de | ayEﬂ"Oeldyeraxdmémtthesecen@nﬂjdrrsiaie of thedbdatreds ILT(e ldyew str ess LTO | ayer.
In broad terns in a further aspect the invention conprises an nn+ silicon

epitaxi al wafer 30 including, an n+ substrate a first major side and a
second MajPproal §&msdin! aOf’Mrt%Ef ﬁ‘siy‘éctLt-l'iinl\%Ylﬁén B@M{n“‘%s laaoﬁxéthé& ofBbmfihg 8itde and a
w

second ma{ or side, the first maj or sid ow .

ayer LTO backside seal for a wafer havmg two major sides including the steps of
forming a low stress LTO layer having a first major side and second major side with the
first major side on one major side of the wafer and forming a high stress LTO layer with
a first major side and second major side on the second major side of the low stress LTO
layer.

20
In broad terms in a further aspect the invention comprises a pp+ silicon epitaxial wafer
including, a pt+ substrate a first major side and a second major side, a low stress LTO
layer having a first major side and a second major side, the first major side of the low
stress LTO layer adjacent the first major side of the p+ substrate, and a high stress LTO

25  silicon oxide layer having a first major side and a second major side, the first major side

of the high stress LTO silicon oxide layer adjacent the second major side of the low

stress LTO layer.

In broad terms in a further aspect the invention comprises an nn+ silicon epitaxial wafer
30 including, an n+ substrate a first major side and a second major side, a low stress LTO
layer having a first major side and a second major side, the first major side of the low

stress LTO layer adjacent the first major side of the n+ substrate, and a high stress LTO



stress LTO | ayer adjacent the first major side of the n+ substrate, and a
high stress LTO 3 silicon oxide |layg having a first major side and a
second maj or side, the first mmjor side-“of ¢he hi gh stress LTO silicon

oxi de | ayer adjacent the second najor side of the |low stress LTO | ayer. 5
BRI EF DESCRI PTI ON OF DRAW NGS Preferred formwafers of the invention wll
be furt hesilidesoxidd yenhdving 2fiest anape side ahle sacmdmaotysideg tiekr fnst mgﬁ)r ls;devvay of
exanpl e on nd witho tendln o be_ limting, erein; ure
shows a SP* JHEh e fﬁ@ silipop,fxi eaf?a;?r 1%@55@1@%&@%2@3@ Sidecet Fﬂﬁsﬂw 2
shows a Sét}ésgﬂ'Td"ﬁir@F with a LTO backsi de seal after deposition of an

epitaxial layer on"the wafer frontside. 15 DETAI LED DESCRI PTION Figure 1
shows a silicon wafer with two L, TO | ayers form ng a backsi de seal .

Substrate e t i L 2 i

I ch)wSSt E‘i‘@glﬁﬁggwgﬁ‘?& (htgﬁgéﬁlr{éy&ﬁegh f Peqﬁgﬁz:ySIRFI g?nhl gﬁy;e){)vverl \?VI ?h
hi gh S|Iane (SiH4) flow Layer 3 is deposited on |ayer 2 using both high
and | ow f peGUencHRhyakrsille gﬁl}\r@ﬁﬁoﬁ i rbg%ﬂfr‘eradeFérﬁJ%dcl%? Lddred O %r €ss

LTO  ayer wth | ow etch rate subsequent cl eaning processes. 25 The
| ow st resmccbm@ahyayg dr@viogmby slag of I&Eargp:le roatyr gndommdfui intehding tobeliniitinge waf er

war page. e Iow stress LTO | ayer further acts to inprove epi-haze during
epi t w erein
pi t axy.

10

Figure 1 shows a silicon wafer with a two layer LTO backside seal; and

Figure 2 shows a silicon wafer with a LTO backside seal after deposition of an epitaxial
layer on the wafer frontside.

15
DETAILED DESCRIPTION

Figure 1 shows a silicon wafer with two LTO layers forming a backside seal. Substrate
1 is the doped (either p-type or n-type) silicon. Layer 2 is a low stress LTO layer
20 formed using high frequency RF at high power with high silane (SiH,) flow. Layer 3 is
deposited on layer 2 using both high and low frequency RF at high power to provide a
high density high stress LTO layer with low etch rate during subsequent cleaning

processes.

25 The low stress LTO layer 2 controls the geometry of the wafer to minimise wafer

warpage. The low stress LTO layer further acts to improve epi-haze during epitaxy.

The high stress LTO layer has high density and therefore a low etch rate. This allows
the backside seal to maintain the low stress LTO layer during subsequent cleaning
30 processes as only a small amount of the high stress LTO layer is available for etching.
The low stress LTO layer also has high deposition rate, which means a high throughput.

A high stress LTO layer with low etch rate provides a reduction in production costs.



The high stress LTO | ayer has high density and therefore a | ow etch rate.
This allows the backside seal to maintdain the | ow stress LTO | ayer during
subsequent cl eaning 30 processes as only a small anmount of the high stress
LTO l ayer is available for etching. The low stress LTO | ayer al so has high
deposition rate, which neans a high throughput. A high stress LTO | ayer

wi t h | ow BT Ohplasha pmcesseslesmmonkyduse tNdfor iditutoony i3 ascam ©yges carryidg [g2€) pl asma

processes commnly use.N2 for .dilution, O,as an, oxygen carryin as, and
S s o] 15 Borfe oA YRR CHRGTE 1485t nDb b RN ALEe: ee COBPANAS Sar e

di ssoci at gdsdcith& M€ tkeif ?e%E@&%WGnib%h@oﬁ&ﬁPQﬂ&Eﬁesn@F@nfoBﬁe RRECRoADRe! €

el ectrons are accel erated by high frequency RF at high power coupled to the
reacti on adealebated by ligls fregkency Y pi highepowWdrenonpled ta theredactioe ghambar tool t age
between the positive iqns in the plasna and the wafer that.rests.op a

or oundbd HEKE R BRIBK. Thre B oenl ndfaiie AP Lres B Vior TelptBbi rateit e ons

tovar ds tpasahed tiwhRE thatheteoh B%gb&ﬁ&d fehter BlobRY GhisCpoténtlal AFffereicexi de
(Si02). 10 H gh and | ow frequency power is connnnl¥ used in LTO reactors
g

t o enhancwill aeeelerats/theppat oyerdshg wafer sytfasecyhe theowes lorm aloser afsilinoni ke t he
pl asma byi%%ﬁgksf iing the el ectrons whereas | ow frequency RF power is used
to enhanc% ertSification of the layer to be formed as it keeps heavier
ions nobile for an extended tinme. 15 Using the nethod of the invention a
wafer is formed with a double |ayer LTO backside _seal in which the _inner

| ayerlthasHighansk lossFequeacy RE pawdds campmoniyausediig 14 reagors tenhaneeeths of t he

i nner | ay i i Gakd: #LQ, #}/@g !S%R\Qa : i's
typicalIyﬁgcggbﬁ%ggg'%ﬁ§lﬁﬁ et ayer cé%%@%ﬁgésﬁgeg%ﬁﬂ af@gégkfﬁgxﬁgfer and
t he geonetheelatronh svhembetow Tiequaney RF paweris mset toodrhandecthe kiendifies®nrafduct i on
of the bagkside 20 layer during . wet. bench ¢l eaning. Table 1 shows a set of
st eps for&’ﬁi‘iy&ﬁﬁqz%%oé%\%?%g kﬁﬂ%ﬂwﬁ“@b‘ﬁm @oﬁg& aﬂ%ﬁeﬁg YPle seal. Step
1Step 2Step 3Step 4Step 5Step 6Step 7Step 8Step 9Step 10Pressure0200 -

467200 - 467200 - 467200 - 467200 - 467200 - 467200 - 467200 - 4670(Pa)Ti ne
(sec)Ib - Heing themethodsfthe ingenfion wwigt isdommedpith.agiopbledayer LTO backside

50dependi I i fil pLfiedthic i S ayer of
" ayer bump s BE U0 e 1BA308 0l I8 Rk, G 8e SEaRR A RS Ry 100, 250
é 080?,@2505@@55@'@ 18 Ghner lﬂiﬂﬁr a5 @ymclzd'i@O{ 290 I‘rdlpﬁ @0d 2hé lstlsreﬁflﬁ'_, 172 IQ)lwcer layer ilsI _

, typicallytypicallytypicallytypicallytypicallytypicallytypic ytypic
al I yt ypi cfdmcgllypﬁ i Mzao Theysasnaver gntiol B spies of hsouetsr andctiso0 -
450300 - of HEUARD. THABAR0ver AGRIIT, FHERAONRI0r, A8AAL nIAIRR00 -
1600000power (W) typi callytypicallytypically300 - 1200300 - 1200300 - 1200LF
RFOOCMD - lage0hiring 800 benchodemd@power (w) t ypi cal | yt ypi cal | ytypical | y100 -
600100 - 600100 - 600N2 (sccn) 0800 - 7000800 - 7000800 - 7000800 - 7000800
- 7000800 - 7000800 - 7000800 -
70000t ypi TaH1é Mt shpive @l dey b¥ Rlepakdryprydiichd) 4 Wad@iviied & Vibiisle ¢alet YITYPbakkidyt ypi cal
| yl 000- 40001000- 40001000- 40001000- 40001000- 40001000-40001000- 40001000- 4000N
20 (sccm)®8R000 - 2000 - 2000 -2000 -2000 - 2000
-00180001800018000180001800018000t ypi cal | ytypi cal | ytypi cal | ytypi cal | ytypi ca
| ' ytypi cal | y3000 -3000 -3000 -3000 -3000 -3000
-150001500015000150001500015000Si H4 (sccm 00050 - 100050 - 100050
- 10000000t ypi cal  ytypi cal | ytypi cal | y100 - 600100 - 600100 - 600 Table 1 6
Step 5 of Table 1 shows preferred ranges for pressure, time, tenperature,
hi gh RF frequency power, |ow RF frequency power, N2, N20, and Si H4 so that
a low stress LTO layer is formed. To formthe |ow stress LTO | ayer requires
hi gh silane flow, |ow frequency RF at | ow power, high frequency RF at high
power, and | ow pressure. 5 Ideally the flow  rates, power, pressure etc are
chosen fromthe ranges provided in Table 1. This conbination of paraneters
generates a high deposition rate (typically 5000 12000 /mn) and results in
a low stress Si02 layer. This layer typically is an inperfect Si02 network.
This layer will keep the wafer in alnost stress free status and i nprove the
epi -haze level. Using this |ayer the epi-haze |level of the wafer will be
reduced to 10 typically 0.1 - 1 ppm The high frequency RF at high power
generates a high deposition rate and low filmstress. The | ow pressure in
this step assists in creating the high deposition rate, as does the high
silane rate. Depositing a |low stress |layer onto the wafer results in | ow
bow and warp on the wafer after epitaxy deposition. This is difficult to
achieve with existing single-layer LTO backside seals, especially those 15
t hicker than 500 nm Step 6 of Table 1 shows preferred ranges for pressure,
time, tenperature, high RF frequency power, |ow RF frequency power, N2
N20, and SiH4 so that a high stress LTO |layer is formed. To formthe high
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are chosen fromthe paraneters provided in Table 1. The conbi nati on of

paraneters in step 6 wll

result

in | ow deposition rate and generate a high

densi ty LT r To_for the hi gh stress LTQ La_ypr the | ow f equency RF
power is ch to be highgr |haniiin ste ane flow i sen to
be | ower id h step 5 and tﬁé%ngessure 0 25 the higher|than in
step 5. The > stress LTO lidyer *has a ate in wet N
processes kﬁi nvol ve HF'Osgyg%Kons) p %al to aboo ?
quarter o tch rate off"tlhe |l ow stre ded in steé he | ow
frequency| R hi gh power &ves_to acc nmovenent { pard the
deposi tech formng a hi ai QQGESS, h | ayer that a | ow
etch ratej o gh deposi t Bressure O creating a | ow
d_elo05| tH)rﬂ “and a PI gh EES%%@%ILLW: lﬁ,m s: ress o O\F/]v
SI | ane ASSI SIS | 1 g | rare._ an g
density fjl th high stresse %nthe gu:l to formthe LTO
backsi de sep¢ the high frequaBcH RF is t = 6 ,as|thi s the
i ndustry B2 el but may 4 ad%\suitabl uerk imsggiewg1 ncy RF
:cs typi cal@ thES 100r &H{z: §n§:§()§ kgz é% ggygﬁeg 5
requency S as ] LS & 1 n Y a ut _may y
suitable fr ncy. The corbilgatigrgof he hige st &gss and | ow strepgs LTO
| ayers prpv si gni fi cant|l y3 (er2Mppe SROE & vi sBal etlge ep| - haze
over exisfx gl e-1ayer |LTO Backsi8e: a3 5dgvi§: S §h_ ddBbl e | ayer
ke {1 nEAPhpler bos s oS08 BRI AR e BES B2 RSP0 22
showi ng t| np_effeabi veness |i nodeposBti @&| of Lh& t w&|l ayer backsi desseal .
The deposj t b,j('g)he;a dvpst nBsE QN FiY e F ST F0,| ayar s i@i%‘@ ly a
cont i nual pﬁoce&% Eﬂ i ,ascgi t,§ é%t@r' 1'n g vverg §e the two
LTO backs § &g hﬁ:g(éa@x@ i g %:gj Y22 IR LM Fween
t he high gt —ane—ew-stiess—ayer-s—HRedde—-ow—water—pow—aha—v even
_aftertepHa E,B;g![}]bo?u %§ka L‘gﬁ{:ﬁg g_édﬁ%:(@\%d b%ow. '%ih%gdvant age
is not a y i ess G~ ¥ 1S ., 20(2 w
stress LTrﬁé\yek“’_@po% _@‘mghetgquzqgﬁﬁr' g;?égcg a Igzg hag & much
ngher el h 3 b Dol RS RIS SE EEOBCREE) s
T LB LILBLAYZ LILL sll ODLUT T UOOI LT\ AUy DT OUC" Al 1 QyCI TS A LEAA'A'ANA 2
in wet benck-prpcesses. Th cg’t groili gh str gggeyer has ngsst reps
rel ease dyf #i]g ea?i taxial hi gwt% lerat ur g gj@ ang I QVd ﬁ%’&ﬁ
contributj@p,to@he final deqaetry|of th t dug |g0S23 2Bl axy .S [The only
contri but IRt ot he final dedtetif|ef th 8 &S ﬁgﬁeﬁi%_ RiE3fomthe
front si de[epttaxy—tayer—angas re—-et to—epijtaxy thickness:
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LTO  ayer 2 and outer high stress LTO layer 3. The high stress LTO | ayer 3
has a 30 |l ower etch rate than the lowgtress LTO | ayer 2 because of the
different densities of the |ayers. After the cleaning process the different
etch rates will cause the high stress LTO |l ayer 3 to extend over the | ow
stress LTO | ayer 2 before epitaxy annealing. This may be 8 overcone by

removal oRtepof®fofabld1g $Howmskprefesre@frah it fok Pesshree Gimel Thpedsre, Bl RY t he
cl eaning process. After the two |ayer LTO backside seal is fornmed on the

waf er t hefigagency ipewenppwRteliequsney posretigdVaQhrnd 8iH4 9 thetreplow Hreys LTO il m

on the ed Ee f Jth r. an t e, LTO fidimon.th er [front

si de. Thegdgalgés gg{c el(.il"Si g?\%ltsrﬁt%%il(ggﬁpréssoffg§61a% ] %ethrrr?s %%PSSI%P%@LO% lages not
reduce t hérefiinel "RE sat Abwt pewdt] Bliphs fre@sehicp R Tat Lhigh lpawer, . andolomoptedgurthe edge
removal process the wafer is subjected to edge polishing and edge | O

pol i shd cl Edeallnghe flow ratey @oper. ipsespug eirase ehesen diom thetrangsprpravidedyindiablehe LTO
filmformt . | f f e |, i . ' | ution
of 1 03 1t TEoRBHRET bt bRSHUR bonshlels B! pofliBE B RoMRERL 3000 01 oh
EI eEni gg m@r:neésnihy?xhct&hxhlysl inarmwe;&efstiogfhym;]n Tl:ii@ myehgpichile mﬁsisx?paffﬁémle LTO
ackside geal. 15 After polishin n ol  sh cl eaning a post-palish clean
i s perfor %@ nelpwgrkpoilfu_sé. qwﬁﬁghﬁ’ef‘ﬂgffh&alp’é’ﬁbvgés g‘S?régEHS PHMPIVE ayer .
The concepler&iinaze RivelFUlifg tﬂllﬂle 18R %epcgJiJhﬁjiE Fckz@lta(ﬁ 1he vt WAl be/rdduded tol %

P
resulting in‘renmoving typically 10 - 50 nm of t hi ckness of the LTO

backsl@e twadally20 1Bef bippmepiThexbight frepracy dde atvighhpnvbr geriateng high
necessary

...The. wet. bengh ean typically includes. 0.1 - .1 % HF | gh
esui to | AeROTGHaeieam o U e kHESlow arkBug s ieb aggify ff health fré
high deposition rate, as does the high silane rate. Depositing a low stress layer onto the
wafer results in low bow and warp on the wafer after epitaxy deposition. This is
difficult to achieve with existing single-layer LTO backside seals, especially those

15  thicker than 500 nm.

Step 6 of Table 1 shows preferred ranges for pressure, time, temperature, high RF
frequency power, low RF frequency power, N>, N>O, and SiH; so that a high stress LTO
layer is formed. To form the high stress LTO layer requires low frequency RF at high
20  power, higher pressure, and low silane flow. Ideally the flow rates, power, pressure etc
are chosen from the parameters provided in Table 1. The combination of parameters in
step 6 will result in low deposition rate and generate a high density LTO layer. To form
the high stress LTO layer the low frequency RF power is chosen to be higher than in
step 5, the silane flow is chosen to be lower than in step 5 and the pressure is chosen to
25  the higher than in step 5. The high stress LTO layer has a lower etch rate in wet bench
processes (which involve HF solutions) preferably equal to about one quarter of the etch
rate of the low stress layer formed in step 5. The low frequency RF at high power
serves to accelerate ion movement to bombard the deposited layer forming a high stress,
high density layer that has a low etch rate. The high deposition pressure assists in
30  creating a low deposition rate and a high density film with high film stress. The low
silane flow also assists in creating a low deposition rate, and a high density film with

high stress.



One nethod to control the sharp edge shape of the outer high stress LTO
layer 3 is as 25 follows: during the fiirst wet bench process the inner |ow
stress LTO layer 2 with the higher etch rate than the high stress LTO | ayer
is etched, which | eaves part of the high stress LTO | ayer overhanging the

| ow stress LTO | ayer. Wen this occurs the exposed underside of the high
stress LTO |l ayer will be etched as well as the top of the high stress LTO

| ayer | eading to the overhangi ng portion of the high stress LTO | ayer
havi ng 30 Iny the qwogese usadctie form dheE TOhkackeide iserd dhe blghtfrﬁélumcghREtls- tpicallyo
| ayer. hi gh
stress LT ?gawtiﬁz ?Sg%g%r?? lr?%)q'ldgsc}%p%%r oug @%%d%l c@%@ggblgtgﬁb tﬁlﬁl

doubl e | a&equehIkaFale kegpicsllysbalvedin S0RKAE Iaﬂdi 600 ket Mbrep@picalﬂfjﬂthev\lawpﬂﬂe The
outer high stress |ayer of the LTO backside seal has no filmstress rel ease
duri ng epiregepcy 1St2q0§d%ae48|thq§ wothe indysty stapgand/buy nrey be puy wiAblgifiequencyar ge
anmount of by-elenents and is an 5 inperfect network. For exanple Si OX,

Si NHX and Si HX (where x= 1, 2, 3, 4) are sone of the by-elenments. A nore
por ous LTChd agmbinhtien wbitle highe#txessaands lovbatress d. B ilayexs provigies tsegnpésaatlyr e

anneal i n typically at .te eratur of 1050 .to 120

o oo ekt fibristioR s VUM GEt gt cwt ystng piren S0 R PRE St2H0 | ayer
will tenddé\@celge%%oﬁbl@'lﬂﬁr@ﬁﬂél&%eﬁl%@% hlgﬂ‘ﬂ@ﬂasﬁéﬁ rﬁb mMa$is HhieSis $ddaRy
properties as thermal silicon 10 oxidation, e.g. a simlar post-epi etchl ng

r at e. 10Thi abowt ghrse times haghee thaspfor an;cxirstlgg smelvplethuT@ backsidd $eabshdveng TO fi |l m
w | | have,m%lce nvteﬁ%sssaﬁeﬁcﬁm %rftt'eets rtfrmi:tes 1| dation regardl ess of the
deposi tion pr eLShEsen e oubt'e 9%? ¢ksi de seal has the sane
etch rate after epitaxy as a single |ayer LTO backside seal. This is shown
in Figure 2 where a | ayer of epitaxial material 5 has_been deposited on

waf er 1 1"5“hea¢ﬁp0§1ﬁlen|ﬁ>if gw leysress and dighoiiyess 1 EQdayerds idgplly @ cRntiruialjBlasmei ed t o
forma SI r n the
thi cknessh S Eena 5L AEts 1 folbhk hRPb LK D Bl LI BIARHE sAMEr " 65,
of the t hThk adzmtag&s Io<ﬁ§brmiug|a1getwprl¢ hetyveel’n:mlne high dhiess 26 &dw egsssl layes
typically 0% of _t thi ckness is |ost. . The | oss, of thi in the

i nner V\;ngl[upgi'lgwmv@)fqr %FE‘Y ang | WIEstYEB arfE’ér‘?p&ﬁ@élﬁlEPﬂS“H’fn P‘hé‘“ﬁ% ?H“T}}ﬁr net wor k
as descr | RRerikOyGow! QWQJV&%& W%ﬁ‘é@tﬁ &3 thOfhidkhess STMBOLTONbaMKbide st i | |
have a | ower etching rate in 25 solution? This is because during epitaxy
hi gh tenp®eht ure annealing only hydrogen el enents can be out gased and
nitrogen elenments will be incorporated with the silicon bond. This creates
a Si-ONnetwork in the LTO backsi de seal that has high density and | ow

et ch 20at eThdlsw BgedshETOelayéradeposiesdt with thehprd&eismr:ﬂpe aff Tdbde L THasmaleshde seal
the density of the inner |ow stress | yer in follo by the density
of the oubighenfighratiingysibench prpessses @ disataot e Sﬁxslgitwé%ﬁﬁrmﬁff tress

LTO | ayerndRiofnGres O LTMCb&A5Re seal layer has a low etch rate in wet bench processes.
The outer high stress LTO layer has no stress release during epitaxial high temperature
annealing and provides no contribution to the final geometry of the wafer during

25  epitaxy. The only contribution to the final geometry of the wafer during epitaxy is from

the frontside epitaxy layer and has some relation to epitaxy thickness.

Referring back to Figure 1, this Figure shows the silicon wafer 1 with inner low stress
LTO layer 2 and outer high stress LTO layer 3. The high stress LTO layer 3 has a
30  lower etch rate than the low stress LTO layer 2 because of the different densities of the
layers. After the cleaning process the different etch rates will cause the high stress LTO

layer 3 to extend over the low stress LTO layer 2 before epitaxy annealing. This may be



network and are fornmed fromthe sanme material there is a better connection
bet ween these | ayers than the connecti®n between the inner |ayer and the
wafer. This w || 10 control the wafer geonetry to reduce war page and keep
the beneficial |low etch rate of the high stress |ayer. Conparing the two

| ayer LTO backsi de seal described above and existing single |ayer 5

backsi de se@tome Vbﬁ%m@vzb&ﬂ"@ﬁinb offthd theckhwes dfalyehigh FedCkO lger dedhg tidef ore
epi taxy both of the seals provide al nbst the sane contribution to the
geomet ry 6Yaming PIREEE:. After epitaxy the single |ayer LTO seal provides a
hi gh stress contribution that increases warpage of the wafer, but the

doubl e [ ayer LTO seal nmintains the sane wafer geonetry. This effect is

i npossi bl Afiee tlacinocidgeril TO backsideeal ik dyreredamctkis indidershalvafel @s atfpetédadol y Wit h

thick backsi | (typicall 5 _As vel | the doubl e | LTO
Dacks! fles LIELFER TEBPYAID FBbf o) 41T tjm BB thilis et §dbs.eie SHOREIREE anc
the doubl ¢ricpygs oh {d ﬁéﬁ#ﬁb%i&gaghﬁ déﬂ%sfe%lﬁ&!ﬂ isttkgﬁgalyo?bﬂﬁés Mm ! Ffis

pol ysilicon | ayer etween O. m crons. ysil1con |ayer acts
as an 15 pxacessthies gettreduderihe thacknessithe yigh stiessetitet LEOriayeri nati on. A typi cal
doubl e I ayer LTO backsi de seal forned using the nethod described herein
preferably is between 1000 and 10000 ~ thick. A wafer with a typical

epi - t hi ckrgBswii the bi@eRmbval F06¢ss Awafer 14 GibjdREedabdde pBlichitoakl eddeayer
LTO backsi de sefgl W ?\%20 typlﬁ_rgal |y have warp of Iess‘glttﬁan SIgg)rri cr oéns, nor e
t ypi cHl | yrekistscleaning. 3thenddge pakishingproaess does it emneve any<f thyhROAHmfosimons as

d [ T ] . VDI t h
pow of | edie PAIE STIRE Slltr! EBS2botsn AeFY Fles botulorbhF By it 187, 1500
t ypi cal | y cogatrativmnofl ypidatly 0062 &s 0rseas Uthe dedgk tpdlistn cliing gpessss itydcdiigol . The

typical localised light scatterers (LLS) of a wafer with a double |layer LTO
25 backsi BOQEEP ~ %mﬁém&@dhmqss QHEELT%W\F%S?% or equival ent |aser

scattering tool, is: LLS > 0.128 microns, |less than 100 per wafer and
typically less than 30 per wafer; LLS > 0.155 microns, |ess than 50 per
waf er 12and Atftepipohshing hed polishacleabingoa postefolish clebSispdforg@dniTheqrust-poleshs t han

30 per wafger and typically |ess.t 0 perwafer: LLS > 85 ,m crons,
ese t hanclsgn SRS Ve deme) 5F s D ekl T TioBtenualigh PP HESE S0
per f or mangglidhScleaPisCplcylly @sIS—t198 ResARing Pl reoviRigt typicsiy 1Y 4 §6 aint BAthe20 ppm
and nost typi cal ltythgl ess than 1 S ppm This shows very good haze and LLS

per f or nan8ucknggs of the Lyex kacksidg saal.a doubl e- | ayer LTO backsi de seal. The
doubl e | ayer LTO backsi de seal also has a typical etch rate in wet bench

cl eaning or less than 100 nm The silicon epitaxial wafer nmay be a pp+

waf er 2tav Befpre epithyspat Bastt eney weapenchatleaningd#s becessanyt.r dthe. wéil bechadéanel y t he

silicon epitaxial fer .nn+ f.e ve.an n- epi taxy | ayer and
20 e oub Bl nenesh egk HE dudtrendBan Ll aruire fesh Hheleemciptel
preferreditoggndhereof. Alterations and nodifications as will be obvious to

those skilled in the art are intended to be 10 incorporated within the
scope hereof as defined in the acconpanying clains.

One method to control the sharp edge shape of the outer high stress LTO layer 3 is as

25  follows: during the first wet bench process the inner low stress LTO layer 2 with the
higher etch rate than the high stress LTO layer is etched, which leaves part of the high
stress LTO layer overhanging the low stress LTO layer. When this occurs the exposed
underside of the high stress LTO layer will be etched as well as the top of the high
stress LTO layer leading to the overhanging portion of the high stress LTO layer having

30 twice the etch rate as the remainder of the high stress LTO layer. Therefore, even
before epitaxy the edge shape of the outer high stress LTO layer is controlled through
top thickness control.



12 CLAIM5 1. Atwo layer LTO backside seal for a wafer having a first nmgjor
side and a second major side conprising: 5 a low stress LTO | ayer having a
first major side and a second najor side, the first naj or side of the |ow
stress LTO | ayer adj acent of one naj or side of the wafer; and a high
stress LTO |l ayer having a first major side and second major side, the first
maj or side of the high stress LTO | ayer adjacent the second nmj or side of
the low stress LTO layer. 10 2. Atwo |layer LTO backside seal for a wafer
as cl ai medh¢ dowhlajayer LERQebaskside pral haswansthes ¢ffest PO noskyeni waspagsr e awstng hi gh

f I d
ey o B0k e o 1O th AR RaRAE e SRk e B, 3650 o
1600 wat t svell&nodntthat d Byevuﬂmbﬁmkainchém@mrgé anount ol bgselensentd aidigdni n

claim?2 or clgelmB whereln power of the h frequency RE i s between 300
and 1200 WaRarisct pefwork. aFergxa $1Qz&T§}I‘H'&C i el dhere Gy 1.2 Rafbire 48me| ai med

t th
O ot r oSt {15 SbifEs. LOpibro BERE KTONey 1] mdrE B Sentt 2Ot ety 09 | "
for a waf hrghatsmpbmtumdnmaahagnftypmellyoht tehmemsura:s bf)l@ﬂ) ﬁ» WO@r@) roytdlemémw
stress | ayer i.s d usi | ow pressure. ksi.de seal
o o uny iieativg p RN OB iR e B, PG eeey e e ER Ives LR e o
stress LT3 bRy 415 p@&ﬂﬁ?ﬂaﬁ@%ﬁ@ﬁhéﬁaﬁnﬁ@t th§9a:§e Rﬁpéx\ﬁ@s e fm&lE?ﬁé@ﬁCkS' de

seal for a wafer ascalrre in any one of clains wherein the | ow
st resH) LToxidaijas, 6.8 & @rmréa: pesi-api brplgmgstmeana hfSI meansathat afteq gpigaxyahigho | ayer

used to 1SR dfFufe e @t S Flve dpGuthEsami oy dCuptmd"e T o

oxidation regardless of the deposition process used. The double layer LTO backside

seal has the same etch rate after epitaxy as a single layer LTO backside seal. This is
shown in Figure 2 where a layer of epitaxial material 5 has been deposited on wafer 1

15  and the high stress and low stress LTO layers have densified to form a single LTO layer
4,

During epitaxy further reductions occur in the thickness of the backside seal. In the
high stress layer typically 2 — 6% of the thickness is lost during epitaxy. For the low
20  stress layer typically 3 — 10% of the thickness is lost. The loss of thickness in the inner
low stress LTO layer relates to rearrangement of the LTO film network as described

above.

However the backside seal of the invention will still have a lower etching rate in HF
25  solution. This is because during epitaxy high temperature annealing only hydrogen
elements can be outgased and nitrogen elements will be incorporated with the silicon
bond. This creates a Si-O-N network in the LTO backside seal that has high density and
low etch rate. During the rearrangement of the network of the LTO backside seal the
density of the inner low stress layer increases followed by the density of the outer high
30 stress layer. As both the high stress and low stress LTO layers belong to the same
network and are formed from the same material there is a better connection between

these layers than the connection between the inner layer and the wafer. This will



10. A two layer LTO backside seal for a wafer as clainmed in claim8 or
claim9 5 wherein the silane flow usedoto formthe | ow stress LTO | ayer is
bet ween 100 and 600 sccm 11. A two |ayer LTO backside seal for a wafer as
claimed in any one of clains 1 to 10 wherein the tenperature used to form
the I ow stress LTO | ayer is between 250 and 10 600C. 12. A two |ayer LTO
backsi de s@dtol ftipy wafenatenes tetedhdEWatpag@mnd tBé bedeFiciih | e@hkdtevdrer ei n
the tenperature used to formthe |ow stress LTO |l ayer is between 300 and
450C. 15 thehigh stygss laxger LTO backside seal for a wafer as clained in any
one of clains 1 to 12 wherein the |low stress LTO layer is fornmed in the
presence of N2 with flow rate between 800 and 7000 sccm 20 14. A two | ayer
\k};}l’O bac kS'CdfhpaﬁfﬂiT tHeotwoalaya@f I€TO &ﬁcl@l;}dﬂ mﬂdésnr_iMWat?ne t?ﬁd leﬁisﬁhg’rsinglet l@yetrSI

erein the w rate use t he iqQn of the stress ayer
o betechickbd sealtihiouo: e ofbe to iaxlspfig)g%acksr@ 53k KT aE Sy bl a
waf er as 4 MRS w ess LTO
ayer o Torengits ol i Be SR CBEn & s MRS 2 he Sty B
18000 sccepitak§.thé snn/gte Ilzayei’[lﬂ'@edjalrbﬂdcbaasmgﬂ sfrens @nmmmlonathatcinarezrmﬂ in any
one of clains |nth 0.flo sed in the formati.on the
fow st este eiDREF |y F Mo DUt S0 0ID06Y Sl G506 TREARS 156 e VAo

| ayer C%&ﬁﬁé‘%ﬁi denﬁse%kfeétOfs ﬁmy@&sre t%saélh@de”ﬁ‘rﬂh'aﬂsﬁa@}é Pa?@r Pheisidi §@1,l to 16
wherein the hlﬂh stress LTO |l ayer is forned using high frequency RF povver

at hibh pespeeia EBM‘Qathlcﬂ(\h@CkSa@QeﬂeaMml@éldlésﬂH@m)eal for a wafer as clai med
in claim1l7 wherein the power of the high frequency RF is between 200 and
1600 watts. 19. A two |ayer LTO backside seal for a wafer as clainmed in
claim 17 as wdlbadnthkSdoubly Riyer L0 fueksidesodeal hgpohisiiitoh e engybRimdlisdeget ween
300 and 1200 watts. 10 20. A two layer LTO backside seal for a wafer as

cl ai med i Petwissn thsevafer andthggoyble ﬂwean%@cbslﬁe pagb Rycfprably depubickpessafd i n
formng the ﬁUlﬂJ‘héotr{l%?ér 5 WK, 5 'afid D3mRBoldZThe polysilicon layer acts as an

15  external gettering for impurity and metal contamination.

A typical double layer LTO backside seal formed using the method described herein
preferably is between 1000 and 10000 A thick. A wafer with a typical epi-thickness of
between 1 micron and 20 microns and with a double layer LTO backside seal will
20  typically have warp of less than 50 microns, more typically less than 30 microns, and
most typically less than 25 microns as measured by an ADE capacitive tool. The wafer
will typically further have bow of less than 30 microns, more typically less than 20
microns, and most typically less than 15 microns as measured with an ADE capacitive
tool. The typical localised light scatterers (LLS) of a wafer with a double layer LTO
25  backside seal, as measured with a KLLA Tencor SP1 or equivalent laser scattering tool,
is: LLS > 0.128 microns, less than 100 per wafer and typically less than 30 per wafer;
LLS > 0.155 microns, less than 50 per wafer and typically less than 10 per wafer; LLS >
0.193 microns, less than 30 per wafer and typically less than 10 per wafer; LLS > 0.285
microns, less than 20 per wafer and typically less than 5 per wafer. The haze
30 performance is typically less than 50 ppm, more typically less than 20 ppm, and most
typically less than 15 ppm. This shows very good haze and LLS performance for



21. A two layer LTO backside seal for a wafer as clained in any one of
clains 1 to 15 20 wherein the high strgss LTO |l ayer is fornmed using | ow
frequency RF at high power. 22. Atwo |layer LTO backside seal for a wafer
as claimed in claim?21 wherein the high stress LTO | ayer is formed using
| ow frequency RF with power between O and 800 watts. 20 23. A two |layer LTO
backsi de agfks vith advedledayas LTCRbaBReIde Redll allie ddubly Ikl MO2Packkide sedl t he
hi gh stress LTO layer is forned using | ow frequency RF with power between
100 and 6460 e a typicabetoln ratenin wef hepgheeleantuy erdesssheel bnm. for a wafer as
claimed in any one of clains 21 to 23 wherein the | ow frequency used in
formng the high stress LTO | ayer is between 100 and 600 kHz. 25. A two
: aye ][ LTOrhasilﬁsbxdgpiw&#l wabér Iﬁa)V\ﬁé Eﬁpaﬁvdféﬂiaﬂ‘ﬁﬁ d p-t)lqjeaépﬁmaﬁyﬂlayeemﬁj apthe 30
ow frequency used in formng.the high stxess LTO |l ayer js 200 kHz. 15
26. A% msqbafj/%tp- TSRl e SUia cpikial Walananbe amar meafes bavarp nsh@eof
clains 1 i { stress layer is formed using high pressure.
RS TR

27. A two 1l ayer for a wafer as clained in claim26
wherein the 5 high stress LTO |l ayer is forned using higher pressure than

the pressure.used tq formthe | ow stress. LTO | ayer.. 28.. A two, | ayer LTO
backei de. LEGforpgtng eeefinre I oy ShieBdPSIRTIoE & RreRH R forsy MEeFa NITHIr essur e
used to fga{dmiodagridatiohs a4 MARSHe JEIibRY B thoSe RRIINMEER (ROQrand idRAdER10 B8 29. A
two | ayer LTO backside seal for a wafer as clained in any one of clains 1

t o 28lGwvheingpnporated Within the sevpe hereof asqdefined in the pepemnpasying clagws.si | ane 1 ow.

30. Atwo layer LTO backside seal for a wafer as clained in claim?29
wherein the 15 high stress LTO layer is formed using silane flow between 50
and 1000 sccm 31. A two |layer LTO backside seal for a wafer as clainmed in
claim?29 or claim30 wherein the high stress LTO |l ayer is fornmed using
silane flow between 100 and 600 sccm



20 32. Atwo layer LTO backside seal for a wafer as clainmed in any one of
clains 29 to 31 wherein the high stregss LTO |l ayer is fornmed using silane
flowwith a slower flowrate than that used in the step of formng the | ow
stress LTO layer. 25 33. Atwo layer LTO backside seal for a wafer as
claimed in any one of clains 1 to 32 wherein the tenperature used to form
the high erAansSLTO | ayer is between 250 and 600C. 34. A two layer LTO
backsi de seal for a wafer as clainmed in any one of clains 1 to 30 33
wherein the terrperature used to formthe high stress LTO | ayer is between
300 and 450C. t S for.a waf S
clained i 2 any one ﬁEILgﬁ)mb\ﬁ%Sf&y%l erg’?hgét%a%?ﬁsgra}ﬁrgtt 3’%‘%% sl\ﬁeog{l%?}er i's
fornmed |nsetcbﬁdn’raﬁﬁ%mee:oﬁfpri§21gwth a flowrate between 800 and 7000 sccm 5
36. Atwo |ayer LTO back,sl de seal for a wafer as clainmed in 35 wherein the
N2 flow rate uddewisteshklPorrerhayingst firsianaiergtids preaseord maipe sidesthiet ween

1000 and f MR

clained i ﬁ%g%ly dg%gﬁ eoc%ﬁh @I“ ns ig Eygé%)l&geﬂ gél}%ﬁ%”ﬁﬁeraﬁj%ks@gr%@g%%[ Flz@er is
formed in the ph@mﬁmss bTON2fer\hating a ﬁrktcmajomléeéxﬁiieebmbmajoi@ﬁle thadir&8000
sccm 38. At for a wafer .as .¢clajned in any one
of ol ai momIGrSs AT AREHE SERA. TR BT Surveat e dedRiriorads BRI BATER t ne
hi gh streggoyiRy ayer is between 3000 and 15000 sccm 15 39 A two | ayer
LTO backsi de seal for a wafer as clainmed in any one of clains 1 to 38
wherelth as the | ow stress and high stress LTO | ayers are deposited a

network i for bet we t.he ess a d h| res s. .20 40. A
T Doy or 2o Ao P ERO! SHRiciod' s HE0% PG ol ckles®l i Sy Y Ehieinthe ' 1
to 39 whelwy firdsh & T@Bhér ik Sorthep ubiip Bi dghfrécﬁleﬁby\lwf péwerdl. A two |ayer LTO

backsi de seal for a wafer as clained in any one of clains 1 to 39 wherein

the wafer is an n-type silicon wafer 25 42. A nethod of formng a two | ayer

LTO backside > Rltwdlhy Peﬁacﬂﬁﬁé S&h1 thPa ?J%lfe‘?ras%'la%%%d 1£'§iaﬂﬂ'2‘9«h£ﬁ%ﬁ1 tee|05 Of

formng a 1ow Fess” ayer havi ng maj or and secon
side 15  power of the high frequencyRF is between 200 and 1600 watts.

4. A two layer LTO backside seal for a wafer as claimed in claim 2 or claim 3

wherein power of the high frequency RF is between 300 and 1200 watts.

20 5. A two layer LTO backside seal for a wafer as claimed in any one of claims 2 to
4 wherein the high frequency used in forming the low stress LTO layer is about
13.56MHz.

6. A two layer LTO backside seal for a wafer as claimed in any one of claims 1 to

25 5 wherein the low stress layer is formed using low pressure.

7. A two layer LTO backside seal for a wafer as claimed in claim 6 wherein the

pressure used to form the low stress LTO layer is between 200 and 467 Pa.

30 8. A two layer LTO backside seal for a wafer as claimed in any one of claims 1 to

7 wherein the low stress LTO layer is formed using high silane flow rate.



with the first nmajor side on one major side of the wafer, and 30 form ng a
hi gh stress LTO layer with a first mmjjgr side and second najor side with
one maj or side of the high stress LTO | ayer adj acent the second maj or
side of the |ow stress LTO | ayer. 17 43. A nethod of formng a two | ayer
LTO backsi de seal on a wafer as clainmed in claim42 further including the
step of form ng\ teldyeWL.I0 Baksidd GedlqYeh viderngs dlaigiedfifh @ULRNE Whidm tHeower . 5
44. A nmethod of forming a two |layer LTO backside seal on a wafer as cl ai ned
in clai m adangdly ‘*éprﬁdttﬁgorpbmerlow essd T lapvex is bglese y0 ped 1 Q0hsceeen 200 and
1600 watts. 45. A nethod of formng a two | ayer LTO backsi de seal on a
wafer as clainmed in 10 claim43 or claim44 wherein power of the high
frequency IRF i &\ bed \aen LI backdide 226) foatat wafed@s chimed hodlah & or diing %2 t wo

| ayer LTO backside seal on a wafer as claine an e of clains 43 to 45
whereih t hOerythersiiagg Sawysed &yfarp SHWﬁHeStS&éllcF et isyRebueons (0resd 6 s
about 13.3Miz. 47. A nmethod of formng a two |ayer LTO backside seal on a
wafer as clained in any one of clains 42 to 46 further including the step
of formng the |ow stress LTO | ayer usi ng | ow pressure 20 48. A net hod of

f ' I k 47

wherein ¢ Ao SN a0 i RERlor A utel Paimgd el i S oty 200
and 467 Pag va&rélﬁ thetefijertiste Qlfsec{ & f5RGhe IdWBtrds8Y F10 lal6} Rarkwéae2s0eald on a
wafer as clained in any one of clains 42 to 48 furthér including the step

of fol®i ng08%e | ow stress LTO | ayer using high silane flowrate. 50. A

met hod of formng a two | ayer LTO backside seal on a wafer as clained in 30
claim49 wherein the silane flow used to formthe |low stress LTO | ayer is
bet ween 5@2and ALERO1ag&CTO backside seal for a wafer as claimed in any one of claims 1 to

11 wherein the temperature used to form the low stress LTO layer is between 300 and

450°C.

15
13. A two layer LTO backside seal for a wafer as claimed in any one of claims 1 to
12 wherein the low stress LTO layer is formed in the presence of N, with flow rate
between 800 and 7000 sccm.

20 14. A two layer LTO backside seal for a wafer as claimed in any one of claims 1 to

13 wherein the Ny flow rate used in the formation of the low stress LTO layer is
between 1000 and 4000 sccm.

15. A two layer LTO backside seal for a wafer as claimed in any one of claims 1 to
25 14 wherein the low stress LTO layer is formed in the presence of N,O with flow rate
between 2000 and 18000 sccm.

16. A two layer LTO backside seal for a wafer as claimed in any one of claims 1 to
15 wherein the N,O flow rate used in the formation the low stress LTO layer is between
30 3000 and 15000 sccm.



18 51. A nethod of formng a two | ayer LTO backsi de seal on a wafer as
claimed in claim49 or claim50 whereigp the silane flow used to formthe

| ow stress LTO | ayer is between 100 and 600 sccm 5 52. A nethod of formng
a two | ayer LTO backside seal on a wafer as clained in any one of clains 42
to 51 further including the step of formng the |low stress LTO | ayer using

t enper at ulg. beiA®eNa¥&0L PO GaBilfe. sebifor A vl e dlathed @ MynehedofidMimsayer LTO
backsi de seal on a wafer as _clained in 10 claim52 wherein the tenperature
used to f & wherein thevhigh pleess LT ayen s formedysingdigh Sequeagy) Rigmever sghigh net hod
of forningoékgwn | ayer LTO backsi de seal on a wafer as clained in any one
of claims™42 to 53 further including the step of formng the |low stress LTO
15 layer in the presence of N2 with flow rate between 800 and 7000 sccm

55. A nmethod of formn two | ayer LTO backside seal on a wafer, as clained

in clalm 5% mhér’éfY_%{yﬁ’ngLﬁ@ RS P SeHaeh % BTG BB DPrei T _

stress LTOWL@iind fighHoURaRy 189 vRiike 900 aif ¢60 #26. A method of forming
r seal er al ne

a tw |ay LTO bacKsi on a wa as c in any one of clains 42
to 55 further including the step of formng the |ow stress LTO | ayer in the

presence N2Q with fl r.at e .bet n 2000 and 18000 scc 25 57. A met hod
B Torm nioa ¢ forcslpar L0 Bt el B4 Vel & gt B IGRA) hne Rl i m 56
wher ei n t GReRADLE poWer 8t e UpRGrdqleddyR I RIHERLdABODRRI 200 Whktess LTO | ayer is
bet ween 3000 and fSOOO sccm 58." A mrethod of formng a two |ayer LTO

backsl®e seal on a wafer as claimed in 30 any one of clainms 42 to 57

furt her | 961 G Fer R OB Wt DR bR I B0 By 19180, 1 9

frequency”RF power power . orm ng1 a two | ayer
LTO backsi9e/heem thetigh fieguehcyassed imioithgd the blghi sefeST TO ¢ayert 13 13155 Meler of

the high frequency RF is between 200 and | 600 watts.
21. A two layer LTO backside seal for a wafer as claimed in any one of claims 1 to

15 20 wherein the high stress LTO layer is formed using low frequency RF at high power.

22. A two layer LTO backside seal for a wafer as claimed in claim 21 wherein the
high stress L TO layer is formed using low frequency RF with power between 0 and 800
watts.

20
23. A two layer LTO backside seal for a wafer as claimed in claim 21 or claim 22
wherein the high stress LTO layer is formed using low frequency RF with power

between 100 and 600 watts.

25 24, A two layer LTO backside seal for a wafer as claimed in any one of claims 21 to
23 wherein the low frequency used in forming the high stress LTO layer is between 100
and 600 kHz.

25. A two layer LTO backside seal for a wafer as claimed in claim 24 wherein the

30 low frequency used in forming the high stress LTO layer is 200 kHz.



60. A nethod of formng a two |layer LTO backsi de seal on a wafer as cl ai ned
in5 claim58 or claim59 wherein thejpower of the high frequency RF is

bet ween 300 and 1200 watts. 61. A nethod of formng a two |ayer LTO

backsi de seal on a wafer as clainmed in any one of clains 5 8 to 60 wherein
t he high frequency used in formng the high stress 10 LTO |l ayer is 13.56

MHz. 62. #¢.net hotdvd%%rérfﬂm baciaideeall fBY 8 ivalick@s RAGEd dfariedle dtiaméaigr as
claimed in any one of clainms 42 to 61 further including the step of form ng

t he hi gh 2% mherin thehighsdresslayergs formet psiggdughpreisuget  hi gh power. 15 63. A
met hod of formng a two | ayer LTO backside seal on a wafer as clained in
claim62 wherein the high stress LTO | ayer is forned using |ow frequency RF

Wi t h powep7.bet weyd RyaridTéMackuidd seal R abhafePadrelbined iafcldior 26 Hierid e | ayer
LTO backsi,de seal_ on a wafer as clained in claim62 or claim®63 wherein the
hi gh st r eBighstress| Ialf@ layes isffarmedusing ghar prgssyre dhasrths prosswr sed e drm Bt ween
100 and 6 : nmet hod of formng a two | ayer LTO backsi de seal on
a waf er ag)%%/igés%%go%y 5 any one of clainms 61 to 63 wherein the | ow
frequency used in formng the high stress LTO | ayer is between 100 and 600

kHz. 66. met hod qf a two Ia ack5|de se waf.er as
cl ai med i8¢l aPrivk @3%31@ ﬁg%kﬁléwsmhf? %wa%ﬁe@C guned IPﬁlaF’B%%§7t‘ﬂl§rﬁPgh

stress LT{el ﬁxe'u§e@£2>0fo§9 i High stre’sQLfrb 1a§>erfr§5a%ex9ﬁod &{da(m)@ two | ayer
LTO backsidé seal on a wafer asS clainmed 1h any one of clains 42 to 66

furthHr incl Udl ng the step of form ng the high stress LTO | ayer using high

bt o1 o Bai md TR 0 @R AR 1 ARG AR W B B FsHend Pe ni gh

stress LTER ha¥Rin e hilth stleSETONARS $¢fofmédrading foev fAlags ABthve used to formthe
| ow stress LTO layer. 69. A nmethod of formng a two | ayer LTO backsi de seal

on a wafer as claimed in 10 claim 67 or 68 wherein the pressure used to

formthe g ﬁtﬁﬁsﬁ{#&bckSISédesseQFfo‘P%e\Daf@PQs éle%eﬁ% dtfm dd)whéeﬁ‘r’ﬁ@‘)d of

formngatwo ayer e seal on a water as clarned in any one of
cl ai nkS 42high sti€ssfIUF® heyer isrfoinuadi using dilens flew befwdenrS@iang 100@sdeingh stress LTO
15 layer using |ow silane flow.

31. A two layer LTO backside seal for a wafer as claimed in claim 29 or claim 30

wherein the high stress LTO layer is formed using silane flow between 100 and 600

sccm,

20
32. A two layer LTO backside seal for a wafer as claimed in any one of claims 29 to

31 wherein the high stress LTO layer is formed using silane flow with a slower flow

rate than that used in the step of forming the low stress LTO layer.

25  33. A two layer LTO backside seal for a wafer as claimed in any one of claims 1 to
32 wherein the temperature used to form the high stress LTO layer is between 250 and
600°C.

34. A two layer LTO backside seal for a wafer as claimed in any one of claims 1 to
30 33 wherein the temperature used to form the high stress LTO layer is between 300 and
450°C.



71. A nethod of formng a two | ayer LTO backsi de seal on a wafer as clained
in claim70 wherein the high stress LT® | ayer is forned using silane flow
bet ween 50 and 1000 sccm 20 72. A nmethod of forming a two |ayer LTO

backsi de seal on a wafer as clained in claim70 or claim71 wherein the

hi gh. stress LTO | ayer is forned using silane flow between 100 and 600 sccm
25 73. A BBt hod Bfo Fa9élﬂl'LT\© backsim: deal/for alwiriacdtaimde i et oofeclavafselr toas
clainmed in any qne of ai s to 72 wherein the high stress LTO | ayer is
formed usPhVisrein tee hlgbﬁrWStIhT% ly%wieforw%w thetrreseRem of Natvithse fowiratehe st ep

of formn O layer. 30 74. A nethod of formng a two |ayer
LTO backs?%@égrégﬁwaﬁ&ﬁ@fa (l"é{rﬁ as clained in any one of clains 42 to 73

further including the step of form ng the high stress LTOIayer usi ng at

| east one_tenperature bhet n 250 and 600 21 75. A nethod of formng a
two | aer 3670 Bobirue 1<k paksids saﬁffevrayggé%ﬂmdn if 3o vaheirindheNeflern t he

t enper at UEa‘%%H%‘athﬂfb fo%ﬁ@i&rl"& i H{éh%&éﬁiﬁrdﬁg x{( welefi 1@6(5 W@O@%@cxﬁnd 450C.

5 76. A net ormng a ayer e seal a wafer
clainmed in any one of clalms 42 to 75 further |ncI udi ng the step of form ng

t he hi gh res TQ | a th resence .of N haflo te et ween

800 and 7860 Sduiio EBATO KRk RAERT AOvRtr Tt APy S TeReRde. seal
on a wafegg %efélmmﬁ E'tre75§ waaﬁrageﬁstf&%ewan ftheOpYeseRbE oERED With 4 hswf@ferrat ion
of the hi gh stress L | ayer is between 1000 and 4000 sccm 78. A method of

f ormi WYy abetwsen 20} andri800Bskem.de seal on a wafer as clained in 15 any one
of clains 42 to 77 further including the step of form ng the high stress
LTO l ayer in the presence of NZOwith a flow rate between 2000 and 18000

sccm  79. 38 nepheeb Red OTOTbacksRlel 681 oY Bvafds 1O @k irlenys & ofUtaiths\iafoer  as
clainmed in claim78 wherein the N2Q f|low rate used in the formation of the
hi gh st red% WheesipdheN2O flow rate used in the formation of the high stress LTO layer is
between 3000 and 15000 sccm.
15
39. A two layer LTO backside seal for a wafer as claimed in any one of claims 1 to
38 wherein as the low stress and high stress LTO layers are deposited a network is

formed between the low stress and high stress layers.

20  40. A two layer LTO backside seal for a wafer as claimed in any one of claims 1 to

39 wherein the wafer is a p-type silicon wafer.

41. A two layer LTO backside seal for a wafer as claimed in any one of claims 1 to

39 wherein the wafer is an n-type silicon wafer

25
42. A method of forming a two layer LTO backside seal on a wafer having two
major sides including the steps of:
forming a low stress LTO layer having a first major side and second major side
with the first major side on one major side of the wafer, and
30 forming a high stress LTO layer with a first major side and second major side

with one major side of the high stress LTO layer adjacent the second major side of the

low stress LTO layer.



20 i s between 3000 and 15000 sccm 80. A nethod of formng a two |ayer LTO
backsi de seal on a wafer as clainmed in7any one of clains 42 to 79 wherein
the steps of formng the | ow stress and high stress LTO | ayers include the
step of formng a network between the | ow stress and high stress 25 | ayers.
81. A nethod of formng a two | ayer LTO backside seal on a wafer as clai ned
in any one of clains 42 to 80 wherein the wafer is a p-type silicon wafer.

30 82. A nethod of forming.a two |layer LTO hacksi de seal on a wafer as
cl ai med i #P-anyAdnethed of If%ﬁl%g 42Wpda¥ﬁ§ Lah{2 backsidersgal gt a waft %r %?rplﬁmewe

silicon rpﬁo f
cl ai ns 4\2@%@{ g% fuéﬁeﬁim Pga{h? St%gﬁﬁ%gét e rretﬁ&g ég}r%é 0 gl ai ns
42 to 82 frequehey RFpowedi ng a | ayer of pol ysilicon between the waf er and the

| ow stsrraess | ayer. 5 85. A pp+ silicon epitaxial wafer including: a p+
substrate a first major side and a second mgjor side, a low stress LTO

layer havinig aafhkhbd %?lf&&m QQwérl & IS8R5 BAGksHRI 41 Gl HSvafdG Jlblg@dti j or

side of the | ow stress yer ] acent the first major sid e p+ 10
subst r at eclaiamd3 avhhreght}swws of_fhe)h@hl fraspenayxRIdes Hetryeen 208\eind g 600 piattst naj or
side and a second major side, the first major side of the high stress LTO
silicon oxide | ayer adjacent the second major side of the |ow stress LTO

layer. 15486. A method iof fe@iingRitveXhydr VD Bhcl@fileWedll S8 wallerCdsadlathi2d jhur t her
i ncl udi ng an ﬁgltam al layer on the second mamjor side of the p+ substrate.

87. AGp-+cleim #&onclejm tdxhereinapwer efsthe highrfeegueneydRishesgesmntland 1280t axi al
| ayer is &g&g{\een 1 and 50 mcrons thick. 20

46. A method of forming a two layer LTO backside seal on a wafer as claimed in
any one of claims 43 to 45 wherein the high frequency used in forming the low stress
15 LTO layer is about 13.56MHz.

47. A method of forming a two layer LTO backside seal on a wafer as claimed in
any one of claims 42 to 46 further including the step of forming the low stress LTO

layer using low pressure.

20
48. A method of forming a two layer LTO backside seal on a wafer as claimed in
claim 47 wherein the pressure used to form the low stress LTO layer is between 200 and
467 Pa.

25 49. A method of forming a two layer LTO backside seal on a wafer as claimed in

any one of claims 42 to 48 further including the step of forming the low stress LTO

layer using high silane flow rate.

50. A method of forming a two layer LTO backside seal on a wafer as claimed in
30 claim 49 wherein the silane flow used to form the low stress LTO layer is between 50

and 1000 sccm.



88. A pp+ silicon epitaxial wafer as clained in any one of clains 85 to 87
wherein the thickness of the |low stregg LTO | ayer and the high stress LTO

| ayer is between 1000 A and 10000 A. 25 89. A pp+ silicon epitaxial wafer
as claimed in any one of clains 85 to 88 further including a polysilicon

| ayer between the substrate and the |ow stress LTO layer. 90. A pp+ silicon

epi taxi al syaf ers ARtifodadfMBfnind aCtlv@J H&&QLW)EHa@ksﬂdé Sl bﬂ laGlAYeS &s Olhirhdein

polysilicon Iayer is between 0.5 and m crons. 30 A pp+ silicon
epi t axi al clahdd arslamadhedeicn dmwlmﬂ@w uatdatm@rlash@ dpvgetrméﬁ@ teyehss war p

is less t 23 92. A pp+ silicon epitaxial wafer as clained
in clai mg%"(ﬁ%éll@ fﬁ@oﬁvﬁ% is less than 20 microns. 5 93. A pp+ silicon
epitaxial wafer as clained in any one of clains 85 to 92 wherein the bowis
| ess than 30 mcrons. 94. A pp+ silicon epitaxial wafer as clained in claim

93 whet ei A2t he AbWhOé qféggnma@nmmawchmsbaclit’@degﬁal pn gpwafer py elgimeshint axi al
f
wafer as glal, c&nﬁ?lﬁz% géo%gﬁlkﬁ@gﬁ;dﬁip%g s?e%l | Coglrﬁlng. t@ag Gfoxbas%r%ssf LTO_

per f or mances |s ess han epi t'axr al

cl ai med i nyet ading mpstatireibetwdea 260aad 880°ger f ormance is | ess than 15 ppm
97. A pp+ silicon epitaxial wafer as clainmed in any one of clains 85 to 96
wherein the LLS performance greater than 0.128 mcrons is |less than 100 per

wafer. 20598. A pPRiod!df GAMNER! tdXiafer E“P(B%acl?s?d&ée%' BEd W&fepbsablgin% ﬂ‘(“ere' n

the LLS perfor mance greater Than 0.128 mcrons is |ess 0 per wafer.
99. Alpp+ckirhiS2ovhesqgin tlzextienipersiire nsealsto domam ﬂEdowrstrass;LT:(hﬁyﬂf 1sd1eawm?&9 to 98
wher ei n the w performance greater than 0.155 microns is |less than 50 per
waf er. 25%% (b & pp+ silicon epitaxial wafer as clainmed in claim99 wherein
the LLS performance greater than 0.155 microns is |less than 10 per wafer.
101. A pp+ silicon epitaxial wafer as clained in any one of clains 85 to
100 wher ebh 304 methoddffermise melimoclayerdal @rbagkside tpall on avalenassclpiingdeidls t han

30 per WaLS:}; one of claims 42 to 53 further including the step of forming the low stress LTO

15 layer in the presence of N, with flow rate between 800 and 7000 sccm.

55. A method of forming a two layer LTO backside seal on a wafer as claimed in
claim 54 wherein the N, flow rate used in the formation of the low stress LTO layer is
between 1000 and 4000 sccm.

20
56. A method of forming a two layer LTO backside seal on a wafer as claimed in
any one of claims 42 to 55 further including the step of forming the low stress LTO
layer in the presence of N,O with flow rate between 2000 and 18000 sccm.

25 57. A method of forming a two layer LTO backside seal on a wafer as claimed in
claim 56 wherein the N,O flow rate used in the formation the low stress LTO layer is

between 3000 and 15000 sccm.

58. A method of forming a two layer LTO backside seal on a wafer as claimed in
30 any one of claims 42 to 57 further including the step of forming the high stress LTO
layer using high frequency RF power at high power.



24 102. A pp+ silicon epitaxial wafer as clainmed in claim 101 wherein the
LLS performance greater than 0.193 mgpons is |less than 10 per wafer. 103.
A pp+ silicon epitaxial wafer as clainmed in any one of clainms 85 to 102
wherein 5 the LLS performance greater than 0.285 microns is |less than 20
per wafer. 104. A pp+ silicon epitaxial wafer as clainmed in claim 103
wher ei n t158. LLA petiodrofeonringreatcelayehBNObaekddarseat ons wafet &S slafrha@nind per
wafer. 10 105. A pp+ siliconogfitaxial waf er _as. clained in any one of

cl ai ms 85 claym PEvhgrein dhepawrs of therughirequercRE 1pketwretWadng0p vattess t han

100nm 106. An nn+ silicon epitaxial wafer including: an n+ substrate a
first major side and a second major side, 15 a |ow stress LTO | ayer havi ng
a first map. or Ashdéhodnaf farmmgantvanlayerol TOi dheksiddseat bn st walfer ag clainkal of t he

| ow stress LTQ | ayer, adjacent the firs j.or .side of the n+ substrate, and

a hi gh st F@g@%?m gim g%wiesﬁlru@em&y@r Oﬁék{%wﬁgh areAngngy R%]schetw@éﬂ&n@ada

second ngj itde, the first maj or side of the high stress LTO silicon
12@6\&%&

oxi de | ayer ad) acent the 20 second mmjor side of the |ow stress LTO | ayer.
107. An nn+ silicon epitaxial wafer as clainmed in claim 106 further

i ncludi ng_an epitaxi al er on the s .0r side of the n+ substrate.
25108, " A s AsreRoR TR g oo iy L 8 et BF e el S Raiamt i
epi t axi al ah@yfe¢ of slatid S€N6A whbkirbthe Higd A8Guehby Gied A E8miAB theHighistre&oNn
epitaxial wafer as clained in any one of clains 106 to 108 wherein the

t hi ckhessLdO lapier is dd56tMHEs LTO [ ayer and the high stress LTO layer is 30
bet ween 1000 A and 10000 A

62. A method of forming a two layer LTO backside seal on a wafer as claimed in
any one of claims 42 to 61 further including the step of forming the high stress LTO
layer using low frequency RF at high power.

15
63. A method of forming a two layer LTO backside seal on a wafer as claimed in
claim 62 wherein the high stress LTO layer is formed using low frequency RF with

power between 0 and 800 watts.

20 64. A method of forming a two layer LTO backside seal on a wafer as claimed in
claim 62 or claim 63 wherein the high stress LTO layer is formed using low frequency

RF with power between 100 and 600 watts.

65. A method of forming a two layer LTO backside seal on a wafer as claimed in
25 any one of claims 61 to 63 wherein the low frequency used in forming the high stress
LTO layer is between 100 and 600 kHz.

66. A method of forming a two layer LTO backside seal on a wafer as claimed in
claim 65 wherein the low frequency used in forming the high stress LTO layer is 200
30 kHz



25 110. An nn+ silicon epitaxial wafer as clained in any one of clains |06
to 109 further including a polysiliconglayer between the substrate and the
| ow stress LTO layer. 111. An nn+ silicon epitaxial wafer as clainmed in
claim 110 wherein the thickness of 5 the polysilicon |layer is between 0.5
and 2 mcrons. 112. An nn+ silicon epitaxial wafer as clainmed in any one of
claims 1067to0 M%e%ﬁrcﬂ‘ifﬁnﬁiﬂg aAB¥Plalér 1L PODatkide &A1 Bh Grwaer aslOlaikdedl inAn nNn+
silicon epitaxial wafer as clainmed in claim112 wherein the warp is |ess

t han 20 npey ons of thums AR te 96 furtherciveludingtthx sigp ofidemring hechighrsirgss hT@Qny one
of cl ains . . in the bowis less than 30 mcrons. 15 115. An
nn+ sili c%a&gg%%lﬁ%%#glp%ﬁrgr as claimed in claim 114 wherein the bowis |ess
than 15 microns. 116. An nn+ silicon epitaxial wafer as clainmed in any one
of clainms 106 to 115 20 wherein the haze performances is |ess than 50 ppm

117. Ah nf& si 1y Bsthodmitfasming avockayersl B dagksids seak pmpivafenasplaimgdning he
- f . _ . i Bl
water as SRR ulfer SRl tpR Tormae WEhigh DR 0 Il hiBh”

per f or mnpeesgirediaarthd p@ssube 1se8 torfarmothe ldve stteds £ TOHayer100 per wafer. 119. An

nn+ silicon epitaxial wafer as clained in claim118 wherein the LLS
performance greater than 0.128 microns is less than 30 per wafer. 30 120.

An nn+ si Bb.conAeExieih%&icﬁ'foM{%BEra o ﬁbé}ilff?@ Valk Bt seB6n Qw2 Baikd {0 119
wherein the LLS performance greater than 0.155 mcrons is |ess than 50 per
waf er10  glgim 67 or 68 wherein the pressure used to form the high stress LTO layer is between

200 and 467 Pa.

70. A method of forming a two layer LTO backside seal on a wafer as claimed in
any one of claims 42 to 69 further including the step of forming the high stress LTO

15 layer using low silane flow.

71. A method of forming a two layer LTO backside seal on a wafer as claimed in

claim 70 wherein the high stress LTO layer is formed using silane flow between 50 and

1000 scem.

20
72. A method of forming a two layer LTO backside seal on a wafer as claimed in
claim 70 or claim 71 wherein the high.stress LTO layer is formed using silane flow
between 100 and 600 sccm.

25  73. A method of forming a two layer LTO backside seal on a wafer as claimed in

any one of claims 70 to 72 wherein the high stress LTO layer is formed using silane
flow with a slower flow rate than that used in the step of forming the low stress LTO

layer.

30 74. A method of forming a two layer LTO backside seal on a wafer as claimed in
any one of claims 42 to 73 further including the step of forming the high stress LTO

layer using at least one temperature between 250 and 600°C.



121. An nn+ silicon epitaxial wafer as clainmed in claim120 wherein the LLS
performance greater than 0.155 mcronglis less than 10 per wafer. 5 122. An
nn+ silicon epitaxial wafer as clained in any one of clains 106 to 121
wherein the LLS performance greater than 0.193 microns is |less than 30 per
wafer. 123. An nn+ silicon epitaxial wafer as clainmed in claim2122 wherein
the LLS perfornmance greater than 0.193 mcrons is |ess than 10 per wafer.
10 124. An_nn+ silicon epitaxial wafer as clainmed in any one of clains 106
to 123 whéd-ei nAt method of jermisg wetodarirdat @ backside waberanyafeorssclpignaddss t han

20 per wa . + SiJ) ] ' i f ' ' laiym 124
wherei n ¢ Aaoh P& er R i limaliah e hoBRb P Bl ik TGN Rbe el B0 5
per waf erandl£8°CAn nn+ silicon epitaxial wafer as clainmed in any one of
clainms_ 106 to 125 wherein the etch rate in wet bench cleaning is | ess than
1 Oonm ACA @Ala@A N YA DA TLAIUS A S Aaf . Al SY L Aa@ . ANSI . ANf 9. Aaf . Aaf

ANF. Al aSyg A f QY - . ; f Ui Sk
5}xsnid_Z %a] cgj Iggﬁh(%]dg\a ca a]tﬁg]@ég%}‘(%?ggﬁﬁecsaeﬁglﬁa ggﬁ/é(:%a %l\gfega calcalc
a] ca] ca] calyxeape el clajmal2 4§ da]fodhar:in¢l@bing the step of forming the high stress LTO

layer in the presence of N, with a flow rate between 800 and 7000 sccm.

10 77. A method of forming a two layer LTO backside seal on a wafer as claimed in 76
wherein the N flow rate used in the formation of the high stress LTO layer is between

1000 and 4000 scem.

78. A method of forming a two layer LTO backside seal on a wafer as claimed in
15 any one of claims 42 to 77 further including the step of forming the high stress LTO

layer in the presence of N,O with a flow rate between 2000 and 18000 sccm.

79. A method of forming a two layer LTO backside seal on a wafer as claimed in
claim 78 wherein the N,O flow rate used in the formation of the high stress LTO layer
20  is between 3000 and 15000 sccm.

80. A method of forming a two layer LTO backside seal on a wafer as claimed in
any one of claims 42 to 79 wherein the steps of forming the low stress and high stress
LTO layers include the step of forming a network between the low stress and high stress

25 layers.

81. A method of forming a two layer LTO backside seal on a wafer as claimed in

any one of claims 42 to 80 wherein the wafer is a p-type silicon wafer.

30 82. A method of forming a two layer LTO backside seal on a wafer as claimed in

any one of claims 42 to 80 wherein the wafer is an n-type silicon wafer.
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88. A pp+ silicon epitaxial wafer as claimed in any one of claims 85 to 87 wherein

the thickness of the low stress LTO layer and the high stress LTO layer is between 1000

A and 10000 A.

25 89. A ppt silicon epitaxial wafer as claimed in any one of claims 85 to 88 further

including a polysilicon layer between the substrate and the low stress LTO layer.

90. A pp+ silicon epitaxial wafer as claimed in claim 89 wherein the thickness of the
polysilicon layer is between 0.5 and 2 microns.

30
91. A pp+ silicon epitaxial wafer as claimed in any one of claims 85 to 90 wherein

the warp is less than 50 microns.
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96. A ppt silicon epitaxial wafer as claimed in claim 95 wherein the haze

15  performance is less than 15 ppm.

97. A ppt silicon epitaxial wafer as claimed in any one of claims 85 to 96 wherein

the LLS performance greater than 0.128 microns is less than 100 per wafer.

20 98. A pp+ silicon epitaxial wafer as claimed in claim 97 wherein the LLS

performance greater than 0.128 microns is less than 30 per wafer.

99. A pp+ silicon epitaxial wafer as claimed in any one of claims 85 to 98 wherein
the LLS performance greater than 0.155 microns is less than 50 per wafer.

25
100. A pp+ silicon epitaxial wafer as claimed in claim 99 wherein the LLS

performance greater than 0.155 microns is less than 10 per wafer.

101. A pp+ silicon epitaxial wafer as claimed in any one of claims 85 to 100 wherein

30  the LLS performance greater than 0.193 microns is less than 30 per wafer.
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123.  An nnt+ silicon epitaxial wafer as claimed in claim 122 wherein the LLS
performance greater than 0.193 microns is less than 10 per wafer.

10
124. An nn+ silicon epitaxial wafer as claimed in any one of claims 106 to 123

wherein the LLS performance greater than 0.285 microns is less than 20 per wafer.

125. An nn+ silicon epitaxial wafer as claimed in claim 124 wherein the LLS

15 performance greater than 0.285 microns is less than 5 per wafer.

126. An nn+ silicon epitaxial wafer as claimed in any one of claims 106 to 125

wherein the etch rate in wet bench cleaning is less than 100nm.



