1 - 6 JUN 2005 TWO LAYER LTO BACKSI DE SEAL FOR A WAFER FI ELD OF | NVENTI ON
The invention relates to a process for Low Tenperature Oxide (LTO
deposition of a 5 backside seal for wafers using Low Pressure Pl as&gUN 2005
Enhanced Chem cal Vapour Deposition (LPPECVD) and in particular to a two

| ayer LTO backside seal. BACKGROUND 10 Autodoping is a problemthat occurs
in silicon wafers that are used for epitaxial deposition. During the heat
cycl e of TiW® lepYEE LAIO BASCIESE)E tS¥ATL FR A Wod&dR ( p+) silicon substrates

di ffuse . do rough the backsi de of the substrate |eading to an
unintent?EW&?’@@Q%@?@SﬁEOh¢fect on the wafer frontside. This is nost

noti ceable at the edge of the wafer. This |eads to an i nhonogeniety in the

epi taxi al dopant profile 15 beyond the tol erance of nost device
manuf act Uheirvenfion gelRish de al prgeass dor Low Temperatreedsids (LRE) algpesiopi ng aef f ect .

Vari ous technol ogi are used for t deposjtion.af a Si l.ayey,. These can
Youghly BERSSE iRl Hiedvafe ot s dSrthn plarol Eaodet CEpt cUepaite and
further D2 @sim@gvaP@sd inYartid& tb Rewb Iiet LTV Wfckfilasam (pl asna
enhanced: PE) in chem cal vapour deposition  (CVD), which nakes used of
pyrolytic surface-catalysis of silicon and oxygen bearing carrier gases. 25
Haze or = i on-localised Iight scattering resulting from uneven
surface %ﬁgaggﬁgghét?nicro-roughness) or from dense concentrations of
surface or near surface inperfections. Sem conductor wafers should have | ow
or no epi-haze, Filmstress is the conpressive or tensile forces that affect
t he 191 mAwipdapings &r a problame that 3pcpigyiayr silicerh Wifess that afes pisess §orj gpigaiad

vul nerabl,e t . war f er -With lo f. £ N 2. 6 JUN 2005
e oxt sty isfS R o AG by ARt S Ea e Bls VS BRAERT2 B0 v or
However titgtrh@y diffuse Qait depunit sitdnyPing@ldhytht bacdstie dftad siidratedldading tédl@gs not

sol ve the problens of ) o .
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  beyond 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.



haze on the front face of the wafer and warpage of the wafer. 5 SUMVARY OF
| NVENTION I n broad terns in one aspecg the invention conprises a two |ayer
LTO backsi de seal for a wafer having#a first major side and a secohdUNajbr
side conprising: a low stress LTO layer having a first major side and a
second major side, the first major side of the low 10 stress LTO | ayer

adj acent to one major side of the r, and i gh. stress LTQ |l ayer having
A first fesSingdysim werdRye ﬁﬁﬁg&v\?j&‘sdwméﬁ? £ 150 3rvaPUeMBF Y He hi gh

stress  JQalaysibd@didas efPicdlehrREOMIn B8 A SlddgoRfnot BEvE W SlobReS dTO
| ayer. In broad ternms in a farther aspect the invention conprises a nethod

of form hgzeon the fron® ficapé the Thehamkwimpegselthe fvafera waf er havi ng two nmaj or
sides including the steps of formng a low stress LTO |l ayer having a first
maj or side and second major side with the first najor side on one nmgjor

side of Shevinpdry opdNvarNTpONa hi gh stress LTO [ayer with a first major
side and second major side on the second nmajor side of the |ow stress LTO

| ayer. 20 In broad terns in a further aspect the invention conprises a pp+

silicon itaxial wafer including,. a pt+ substrate a first mjor side and a
second mif B8 e ] g enf Eeny iR Biner SR My Fa FOerE e el B and
second majwdfeShafng & Aest mdj&it sidBARS a §dcdBd fajdrield @MprEtdee s Jok EBPedsAYEO

adj acent the first”  major Side of the p+ substrate, and a high stress LTO 25

silicon daiedbaying erfirslamiing silefandst seqapdbmagir dedeathe frst sapmdideaplothedpwe, t he

first. . major si of the high stress.LTO.silicon oxide |ayer lacent the
second gt Tehdasd spert s ond i g8sivre) ey lfier ity Bh YEREPORR e fher
aspect t hgvihpweist 913jEodY arkesecaid MajorSidd, eNfigPintafotl e vofherhigBtrésicl udi ng,
an n+ substrate a first major side and a second m%J or side, a %ow stress LTO
| ayer haWliylager adjapenintip secosd deajemnddeoishe tvdstiess b Glager. the first major
side of the low stress LTO | ayer adjacent the first major side of the n+
substrate, and a high stress LTO JUN 2005 silicon oxide |layer having a
first maj®braiddernanih @ fixeeeRspdtiiRl insédRdn dofierisks 8tmdtBddD6f Srflng a two

15 layer LTO backside seal for 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 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 p+ 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



of the high stress LTO silicon oxide |ayer adjacent the second major side of
the low stress LTO |ayer. 5 BRI EF DESCRI PTI ON OF DRAW NGS Preferred form
waf ers of the invention will be further described with reference tQ_(gf]gN 2005
acconpanyi ng drawi ngs by way of exanple only and without intending to be
limting, wherein; 10 Figure 1 shows a silicon wafer with a two |ayer LTO

backsi de seal ; .and Fi gure 2 ows a.silicon wafer.wt TO backside seal
ortor dopbEst peR® avet fifs E MR S0l Bt el flaidishdt, Bl AR B e A T
DESCRI PTbOMeFhigh ls@eds Eh@%li@qrﬁb&iﬁ@@ emgra&em/ith@ séovad Lik&ot aderoT th@rlmvhg_ a
backsi de seal. Substrate 1 is the doped (either p-type or n-type) silicon.

Layer 2 btsesailéwlager ess LTO | ayer 20 forned using high frequency RF at high
power with high silane (SiH4) flow. Layer 3 is deposited on |ayer 2 using
both high and | ow frequency RF at high power to provide a high density high

stress LBRIEFYBESORIPTION OFCDRAMWENGSr i ng subsequent cl eaning processes.
25 The | ow stress LTO | ayer 2 controls the geonetry of the wafer to m nim se

waf er warpage. The |low stress LTO | ayer further acts to inprove epi-haze
during epidfaxed forifheafergof teriesentionQvillayefurthas dbicghedi evithi teferamat tohtheef ore a

|l ow etch rate. This, allo t he backsi de seal, t. intai.n the l.ow.stress LTO
ayer QU REPERHSE RN PE AR oo rag 5B vihoh et e LRAE o he
high stregsrelnfO | ayer is available for etching. The |ow stress LTO | ayer

al so has high deposition rate, which neans a high throughput. A high stress
LTO I&yer with low etch rate provides a reduction in production costs. - 6
JUN 2005Figui0l phavermsicacestee svithantmonbyerdsd Micksole sdall artd on, N20 as an
oxygen carrying gas, and SiH4 as a silicon carrying gas. In the plasm phase
t hese conpounds are

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 (SiH4) 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.



di ssociated into their respective ionic conponents and the nore nobile

el ectrons are accelerated by high frequency RF at high power coupled to the
reaction chanber to 5 strike the plasﬁa. There is a small negative ~violkg8h
bet ween the positive ions in the plasnma and the wafer that rests on a
grounded heater block. This potential difference w1l accelerate the ions

towards t fer surface he.di @ns . ,.f orm er. of sjilj . oxi de
(Si ). m\ﬁ%ﬁmg (ﬁgﬁeg%%fc P }gn%g%nﬁ%ilsﬁ?& g%m%li“?‘ioél’ 06%3%n yog‘ggg% c%u(r%l}ql@ﬁ”éq%’eact ors
to enhaneadtd$iel, APGVRIipsOREFingHz@N flnhegiée pymRFplipwethedes coimpouids sier i ke t he
pl asma by accel erating. the el ectrons whereas | ow frequency RF power is used
t o enhandésseHaied dniej theis JESREALYT loniq gompgasntst Fudpidemeiee@onde pleckerparcheavi er

i ons nobi . | ge. i g i tion a
wafer is a# (gerlgr?gt(rﬁda\i}t ﬁégef?d%ﬁg?@ Egyaetrlfﬁ E%Og\grctlg&?pége@ttg;g% Peraﬁﬁ%\lﬁfféﬁxﬁﬁeeoi nner
| ayer 5hastrikewhs ipl3gs. aligkré hie a Gutadir ndgay ey vhlage Hegheest the gsitilbdonsta g¢gs of the

inner layer is typically < 100 Mpa and the stress of the outer |ayer is
typi cal | plasmagmdpe wafeiehpinissls anad erouadert heater hlpek. e phismesentist diffsengsf er and
the geo ¥ % I Nk thi eduction
of the ba%@ﬂs?lxc eéra%gﬁ? g@%%%ﬁr ?ﬁgo‘\%a@ %%ﬁ%g V‘(/:q%ganl ?\Jﬁ:fTQS ﬁ?grﬁlae %’L&lsiﬂgs\?\lgcog set of
steps fodigxided$ids)g a wafer with a double |layer LTO backside seal. 5 6 JUN
2006 opo~rt aOUu NNOV>O0O0VIOONMOOOOO OO0OOO O
T~ Op
10 High and low frequency RF power is commonly used in LTO reactors to enhance the
LPCVD process. High frequency RF power is used to strike the plasma by accelerating
the electrons whereas low frequency RF power is used to enhance the densification of

the layer to be formed as it keeps heavier ions mobile for an extended time.

15  Using the method of the invention a wafer is formed with a double layer LTO backside
seal in which the inner layer has low stress and the outer layer has high stress. The
stress of the inner layer is typically < 100 Mpa and the stress of the outer layer is
typically < 300 Mpa. The inner layer controls the epi-haze of the wafer and the
geometry of the wafer. The outer layer controls the thickness reduction of the backside

20 layer during wet bench cleaning.

Table 1 shows a set of steps for producing a wafer with a double layer LTO backside

seal.
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layer is formed. To form the low stress LTO layer requires high silane flow, low
frequency RF at low power, high frequency RF at high power, and low pressure.

S Ideally the flow rates, power, pressure etc are chosen from the ranges provided in Table
1. This combination of parameters generates a high deposition rate (typically 5000 —
12000 A/min) and results in a low stress SiO, layer. This layer typically is an imperfect
Si0; network. This layer will keep the wafer in almost stress free status and improve

the epi-haze level. Using this layer the epi-haze level of the wafer will be reduced to

10 typically 0.1 — I ppm. The high frequency RF at high power generates a high
deposition rate and low film stress. The low 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 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 SiHjy 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.
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"vnUU.-~ uQ vUVC 0CD L,6 - 6 JUN 2005 Step 5 of Table |
shows preferred ranges for pressure, zine, tenperature, high RF fregqu%@S
power, |ow RF frequency power, N2, N20, and SiH4 so that a |low stress L

| ayer is formed. To formthe |low stress LTO | ayer requires high silane flow,
| ow frequency RF at | ow power, high frequency RF at high power, and | ow
pressure. 5 ldeally the flow rates, power, pressure etc are chosen fromthe

ranges pipPwedsdcdsd ul@PlEford: thdNiTO %Qmimpﬂleqiglpﬁreaﬁ@k?r@ denpi@iigs a high
deposition rate (typically 5000 - 12000 A/mi n) and results in a |l ow stress
Si 02 | ayé$.56 Mz as dyiers thy padairy ytandard put mpzbeeoy suisitde fraguanoy k Thehow | ayer

il Kk th in. al t st d i th i-h
Fevel - CBPRETERTY sy BB st B0 S8 SRR e PRGN 5P efoea € o
10 typi cabhdenBy Is 200 kKIPPER thidis thY @BustiyetRiatybfmAt beingRuRWIE Freg@RK At €S a
hi gh deposition rate and low filmstress. The | ow pressure in this step

assists in creating the high deposition rate, as does the high silane rate.

Deposi ti alowstre I ronto the wafe ults in.low bow and warp on
the wat ef fe2puBalbh Xt B RO At Hi MR LG el Pigk et eld
exi sti nggehfegbepréydh df VRuabedesic@PhsRvEr eaSRRCdiadbYaylehDIO babksidbiseder than
500 nm Step 6 of Table 1 shows preferred ranges for pressure, tine,
t enper at @¢¥aceshildig drmble layer backside seal has a high deposition rate. This rate is ideally

10 about three times higher than for an existing single layer LTO backside seal showing

time effectiveness in deposition of the two-layer backside seal.

The deposition of the low stress and high stress LTO layers is ideally a continual plasma
process. This assists in forming a network between the two LTO backside seal layers.
15 The advantages of forming a network between the high stress and low stress layers
include low wafer bow and warp even after epitaxy deposition as will be further
described below. This advantage is not affected by the thickness of the LTO backside

seal.

20  The low stress LTO layer deposited with the process recipe of Table 1 has a much
higher etch rate in wet bench processes and epitaxy than the high stress LTO outer film.
The high stress LTO backside 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



frequency power, |ow RF frequency power, N2, N20, and SiH4 so that a high
stress LTO layer is fornmed. To formthe high stress LTO | ayer rqu”?f@ﬂtqﬁw
frequency RF at high 20 power, highergpressure, and | ow silane flow. eally
the flow rates, power, pressure etc are chosen fromthe paraneters provided
in Table 1. The conbination of parameters in step 6 will result in | ow
deposition rate and generate a high density LTO layer. To form  the high
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step 5, S| |l ow is chosen to be lower than in step 5 and the
pressurekkgmghgggﬁsio 25 the higher than in step 5. The high stress LTO

| ayer has a | ower etch rate in wet bench processes (which involve HF
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frequency RF is typically 13.56 Miz as this is the industry standard but may
be any stiplawing the edgeeremyovalhewckssvihe fwaderue melyeREd it edgeppadshing dreltadgen 100
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This rate is ideal about . t hr ee .t,i i gher. than for an existing single
| ayer LTEARS gidéiégﬁgn%ﬁghnﬁ%HQFPﬁgwg?ﬁQEP%Wgﬁéfg‘in deposition of the

t wo- | ayer backsi de seal. The deposition of the | ow stress and high stress

LTO l ayers is ideally a continual plasma process. This assists in formng a
net wht k Béicneakishing apdygo isherlpaiirg p desiseish | cigparig performerh e TheiwasftRIE of

form ng NSk LALVRERANEr HeINTENRESS AR RMNEAIESSE LBYR fe post-

polish clean is typically 0.1 — 1% resulting in removing typically 10 — 50 nm of the
thickness of the LTO backside seal.

20  Before epitaxy at least one wet bench cleaning is necessary. The wet bench clean
typically includes 0.1 — 1% HF which results in LTO backside seal thickness removal of

1 -30 nm.

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.



i ncl ude | ow wafer bow and warp even after epitaxy deposition as will be
further described below This advantage is not affected by the thickness of
the LTO backside seal. 20 The |l ow stfess LTO | ayer deposi ted wi t h rphﬁm 2005
process recipe of Table 1 has a nmuch higher etch rate in wet be

processes and epitaxy than the high stress LTO outer film The h| gh stress
LTO backsi de seal |ayer has a |low etch rate in wet bench processes. The
outer high stress LTO | ayer has no stress rel ease during epitaxi al high
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relation to epitaxy thickness. Referring back to Figure 1, this Figure shows
the silit6H kpaparthat aPEQVIhhéP @@W\F@tt?@% langg @mony et by-glsmenistadd ihigBh stress

Cow STy ok éﬁ_ﬁ%t]ﬁetwogp ﬁgecausrh "t’he EIFFP Bih RN Z{mggﬁaghan the

| ow stress ayer er en*t ensiti és’ of yers
After thef ﬂieetgmlaxgem oceatré berods LfT&Y taytr kdsciorreaiyeslewehts. d}mﬂ@ ¢dimxhi gh

stress LTO | ayer 3 to extend over the low stress LTO | b fore epi t axy
anneal i ngigh ﬁﬁﬁngewave BBnglige SBR! oyat GhRTES 05%%8&6&%33 %@ SPIRETRANLt he

thi cknes §u(3551ﬁ€ 91‘? nStWoFe ?eaﬁ-ﬁ-g%xln@é%éurg u D‘uﬁﬂg tﬁgﬁwfyj thée 'ﬂm@ﬂlapél‘)&ﬁﬂ%nd After

the two | acksi de sea f or med waf er the wafer
subj ect eth bazoms al_lil@l ddrgsetyrleymywhlchdlas ehmset}arsﬂniewmarhm ortherel edgen area of

t he fer nd a trace., LTOfil n the er front, 6 side. The edge
e LB chlion Be of rimtab o st Shhe - s Shits hdedirotPiretJieh: ne
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process the wafer is j ected to edge polishing and edge 10 polish
cl eani nQOKlﬂihteorenbgequIs|C§hhﬂgemsawsgr0d@ewsa@t Therdpwbleakayerok. TOheackdidef i | m

form the cksi de of the wafer. .Ed pol.ish .cle ses a soluti.on of
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cl eani ngsRIVALASHI ghﬁépz Gakteya 148 BY @SitaRial miferfdl B Has WEeh BEpdshtgkRassgeof the LTO
backsi de seal . After polishi n and polish cleaning a post-polish clean is
per f bY neand thﬁéllgibgtesi)md MV stress L O 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



cl ean further renoves sone of the LTO | ayer. The concentration of HF in the
post- polish clean is typically 0.1 - 1% resulting in renmoving typically 10
- 50 rimof the thickness of the LTO®bhacksi de seal. 20 Before epi’tﬁaJ(hQ\l é{ﬁ

| east one wet bench cleaning is necessary. The wet bench clean typically
includes 0.1 - 1% HF which results in LTO backsi de seal thickness renoval of
1-JOnm One nethod to control the sharp edge shape of the outer high stress
LTO | ayerconirqldhe svatersgepgiefry ig redise i waspagseand; kesp thebensdnieh 19y gicdgater Me i nner
| ow stre . with the higher etch rate than the high stress LTO

| ayer is%%%%%}ga%r@%mﬁgyg' | eaves part of the high stress LTO |layer overhangi ng
the low stress LTO | ayer. Wien this occurs the exposed underside of the
high stress LTO layer will be etched as well as the top of the high stress
LTO | ayeCompaanadghe 5ve FyeoldPnbargsidg sprdes diearbpe awf §HisURg giagle s ayer

havi n 3%aéléé’icféeseélgg?&k§9béx§éfﬁ oEhd %%FEE %Eclég{detslagl. @&@re%haﬁtgﬁfb&ﬁo | ayer.

Therefore, even ore epitaxy the edge shape of the outer hi stress LTO
| ayer i s ofdret seals| rdvidhrabmgdt the egpmée hotkibetsen wothe reebme@y -of Ghel Whlfe2 0fterThe

doubl e I ayer LTO hacksi de E’fﬁl hst an theﬁ}. ifect on ﬁ)os.t-e i war page. The
outer hi GAIEDT BESS eGSRy Sl T HeS R TRF BAtR T JLNsBEHSS HARUBYUPR | ThAts PSS el ease
during ema%@&_@é- of thd Svaféielut ktHQ"H?)uBl}aiay@% Bﬁ@@eéﬂ%aﬁkﬂtéi%?tﬂ@tﬁh&ls w%gérar ge

I
anount of elements and is an 5 i nperfect network. exanpl e Si OX,
Si NH' ande@nédy.(Whes effect 15 iBpoBible )to aackiesormitiofa singleblayed bawdside. sedl,nor e

por o LTO | ayer .has mgre %-ele nts. Durli pitaxy high tenperature
PonelF; ngRer iy oalh R Gkt serancaly 10888 1200 ) b el emont
outgasing and fil mnetwork rearrangi ng occurs. During epitaxy the LTO | ayer
will tend to beconme a high density layer, which has al nost the sane

properti és wsll aheharddutde llayeol. TID besistles isowl, 2 polysiliaosilayier amayplos incdyledet chi ng

te. Thi t hat | t Lgh .t t | the LTO fil
Wit navesarrodie vAE alhEgl Bt Persiiarer i BRE TR LidpbTads 'of the
deposi (i an prgaRssh iyedis Tiracdpud and BuatroRTO ATk dRcorsBaks ha5 o b same

etch rate after epitaxy as a single |ayer LTO backside seal. This is
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 KL A 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



shown in Figure 2 where a |layer of epitaxial material 5 has been deposited
on wafer 1 15 and the high stress and IOM/stress LTO | ayers have dené D&g%
to forma single LTO layer 4. Duringlepitaxy further reductions occ H 5
t he thickness of the backside seal. In the high stress layer typically 2 -
6% of the thickness is lost during epitaxy. For the |l ow 20 stress |ayer
typically 3 - 10%of the thickness is |lost, The |oss of thickness in the

i nner | owaars ewth  foublgylayer el Qibaskside peahr rTélﬁgj@HEﬁtlab‘?r LR haeksidle sgalnet wor k
as  descr bedas 20HE LAEKEE WRBRBUSLAS Beak yob fdbgrhrvention wll stil!

have a | ower e rate in H ion. ecause during epitaxy
hi gh tenperature anneallng only hydrogen elenments can be outgased and

nitrogen_el enents will be i ncor por at ed %h the silicon bond. This creates
a Si - O NTHesisPR epittiplevafsomay best o waler haviae arpa&vpﬁ.egﬁa%wgﬁw mE" | ow
etch kat n de sea

t he %eng??%%%ﬁ &héﬂgﬁﬁgfﬁkﬁﬂ/str ;gQaé&E%r?%@reégggi\J oweg E e density
of the ouapitaxyHayt aBO ashr-esbsttaggyer. As both the high stress and Iom1stress
LTO |l ayers belong to the same network and are formed fromthe same materi al
there is a better connection between these |layers than the connection

bet ween trje fbRPSing | RY&Ibeack venie ﬁfcmdﬁu 3 pY@féxlredlﬁ)rm el 20Q3atigQnt r ol

the wafer geonBtry to reduce warpage and keep the beneficial |ow etch rate
of the hagh nxdikegionaye rw111d'a¢r1®zbmorug to bosewskilledy ey theT @t e kisliedéeds émlbe

descr i bed above nd exjsting,sin r. .5 backside seals shows a benefit
of "L He t s oTRyeS PETLE Rt oS apllin PP GRE RS T he seal o
provi de al nost the same contribution to the geonetry of the wafer. After
epitaxy the single layer LTO seal provides a high stress contribution that

i ncreases warpage of the wafer, but the double |layer LTO seal maintains the
sane wafer geonetry. This effect is inpossible to achieve with a single

| ayer backside seal, 10 especially with a thick backside seal (typically >
500 run). As well as the double |ayer LTO backsi des seal a polysilicon |ayer
may be incl uded




bet ween the wafer and the double | ayer LTO backside seal. Preferably the

t hi ckness of the polysilicon layer is between 0.5 and 2 m crons. Th%

pol ysilicon layer acts as an 15 external gettering for inpurity and PritNa{00
contam nation. A typical double |ayer LTO backside seal fornmed using the

met hod described herein preferably is between 1000 and 10000 A thick. A
wafer with a typical epi-thickness of between 1 mcron and 20 m crons and
with a d63h¥@“gayer LTO backside seal will 20 typically have warp of |ess
than 50 mcrons, nore typically less than 30 mcrons, and nost typically

| ess than 25 microns as neasured by an ADE capacitive tool. The wafer wll
typi cal | y. f ur thewo hayee 1HW tatkdids sedl Han a3@afer droing, a fistembyppisclal and hess t han
20 mcrons, .and npst typically less than 15 microns as neasured with an ADE
capaciti%@on@88ﬁﬁsﬁﬁé3 IS€8: | ocal ised |ight scatterers (LLS) of a wafer
with a doubl ea'1@ooes&re§sT9r@)51a9éCK@i§§a & mafd® sIRAFM! £6kcbhd Infoklife TRCOr SPI
or equival ent |aser scattering tool, 1is: LLS > 0.128 mcrons, |ess than 100
per waf efirsanthjdryspdeca] thy ldvestsess hdi) BPenpeljacastf afrone ndl@ sededofltbS watarr amk, | ess
than 50 per wafer and ically |less.than. 10. per wafer; LLS.> .19

i orons, T essatra e hiP Gl TbRB iy rad SiRim eyl Baf Lis >
0.285 nhfafRR&le deﬁéhiglﬁasﬁegsOLp_@ﬂa}\/@faQ{ac&ﬂdllé ¥Rbe@Iajor sRRS ithabw si@ls Waf er .
The haze 30 performance is typically 1ess than 50 ppm nore typically |ess
than 20 ppMlagerd nost typically less than 15 ppm This shows very good haze
and S performance for i | - 6 JUN 2005 wafers with a double-layer LTO
backSi de seal. The doubl e | ayer LTO backside seal also has a typical etch
rate in pet baneh GyeADTOOb&ksideSsaltpn Wl Mtlaibhel &i dlheOn wRirk@xihal waf er
may be a pp+ wafer having a p-type epitaxy |layer and a p+ 5 substrate.

Al t er nat loyestyess M%iawrclégorﬁ}ﬁdtlémgéllghvﬁﬁ@#enﬁﬁ tewernn+ waf er have an n-type
epi taxy |l ayer and an n+ substrate. The foregoing describes the invention
including a preferred formthereof. Alterations and nodifications as wl|
be obvi 08s t oAt twasysKLITDebadksidt Realabt aanafel i elaesdl inoclhién 2 Mohdre@othpor at ed

within the scope hereof as defined in the acconpanying clains. 12 ~6JUN2005
5  power of the high frequency RF 1s 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.



CLAIMS 1. Atwo |ayer LTO backside seal for a wafer having a first major
side and a second major side conprising: 5 a low stress LTO | ayer having a
first major side and a second major ddde, the first major side of_{hgnIgW
stress LTO | ayer adjacent of one major side of the wafer; and a high stress
LTO | ayer having a first major side and second major side, the first mjor
side of the high stress LTO | ayer adjacent the second major side of the |ow
stress PTO | dyleyo layer BTOabackside so&r OL’FG‘@f&TCkSs?lé@eéje@I claigr 8avhieiy thgs

Fr equency e TR T Bt sobdt R ERR s bbb BN Q00 RE L e

in claim2 wherein the 15 power of the hi gh frequency RF is between 200 and
1600 watts. 4. Atwo Igﬁ LTO backside seal for .a wafer aas clained |n claim

2 or claifn 3 Ak &vAr bl baddeiderisahfogi paksyaerdyimast in Slaiex $wosrflabnand 1200
wat t sg f f: I any one
of cl al g/hgmrﬁhte}ﬂ\/\#%ggl n t%t(pﬁtﬁhﬁhg ?%ﬁﬁ%%sy@ﬁgga I ﬁ§?%t?%1cﬁéé? %Qléggv stress
LTO | ayesccihs about 13.56MHz. 6. A two |layer LTO backside seal for a wafer
as claimed in any one of clains 1 to 25 5 wherein the |ow stress |ayer is
formed using |ow pressure. 7. Atwo |ayer LTO backside seal for a wafer as
clainmed in clai g@q r LTO
| ayer |sl et M/%etgoogls 1;04%8%1&%? Q%gﬁglé ﬁafyls%dﬁ%lgﬁ/leep% C#Eggkg}é\{gz&lggz for a
waf er asl@ ahieradd thenteapygrature uséd ol formsthe 14w str@ssvtED éayrer thbetivoen 360 @ad LTO
Iaye[%l é grmed using high silane flowrate. 13 - 6 JUN 2005 9. A two |ayer
LTO Hhck&iHe- seal for a wafer as claimed in claim8 wherein the silane flow
used to formthe | ow stress LTO | ayer is between 50 and 1000 sccm 10. A two
| ayer LTO backside seal for a wafer as clainmed in claim8 or claim?9

12. A two layer LTO 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 N, 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.



5 wherein the silane flow used to formthe |ow stress LTO | ayer is between
100 and 600 sccm 11. A two |layer LTO backside seal for a wafer as clai ned
in any one of clainms 1 to 10 whereinthe tenperature used to formitd 0Bw
stress LTO | ayer is between 250 and 10 600C. 12. A two | ayer LTO backsi de
seal for a wafer as clainmed in any one of clains 1 to 11 wherein the
tenperature used to fonn the | ow stress LTO | ayer is between 300 and 450C.
15 13. AlYwo Palyer layed-hRdaskude swhforraopalgr smelaimegsinanygione @f clpimpy Bne of

of N2 w B A PR Bt OMhBH LR kR S3ebYRP rlef AnRhTT ST

backsi depseal. for a wafer as clainmed in any one of clainms 1 to 13 wherein
the N2 flowrate used in the fornmation of the |ow stress LTO | ayer is
bet ween 1000 and 4000 sccm 15. A two | ayer LTO backside seal for a wafer as

clained ijp any Wlaﬁgr Efrdy PR idial ?ﬂalgﬁoééva‘fg}%rs%%ﬂm%@% lcﬁ%l%sltﬁ\ggé‘%fg%tgsl ayer is

formed in the presence of N20 w wrate et ween 2000 an sccm
16. A t wpoweryarth¢ hi@hHexcksnayeRE eabetivesn Z0Ovekldic0@svattsai med i n any one of
claims 1 to 15 wherein the N20 flow rate used in the formation the | ow
stress LTO |l ayer is between 30 3000 and 15000 sccm 14 -6JUN2005 17. Atwo

| ayer LTﬁlbaC lsiile 15881 TOOBacRsie kel f@xfsa Wa?égr%%liiﬂleéﬂb{ cRRg Of ocdi@nggl to 16

wherein the high stfess LTO | ayer is formed using high frequency RF power at
hi gh powedereirbthe®owar bivthe lhaghefrequBGc hBE ks betwesed0 dot 1200wedtsr as clainmed in

claim17 wherein the power of the high frequency RF is between 200 and 1600
wattsy 19. A two layer LTO backside seal for a wafer as clained in claim17

or claim@g8 A two layer LTO backside seal for a wafer as claimed in any one of claims 17 to

19 wherein the high frequency used in forming the high stress LTO layer is 13.56 MHz.

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 LTO 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.



wherein the power of the high frequency RF is between 300 and 1200 watts. 10
20. A two layer LTO backside seal for_a wafer as clainmed in any one of,
claims 17 to 19 wherein the high frequency used in form ng the hi grf?éW%“Q%
LTO layer is 13.56 Miz. 21. Atwo |ayer LTO backside seal for a wafer as
claimed in any one of clainms 1 to 15 20 wherein the high stress LTO |ayer is

formed using |ow fre .at _high power. 22. A two |ayer LTO, backside
seal forfél V\@?‘éwoégy%ﬁ%a&iﬁ%ﬁeéﬁ I%Pf?lw‘"&?fea}se‘il?imceﬂén afy ghe gffléggs LD | ayer
i s formesk waiRo ﬂh@‘l’(iéhfs@ﬂ@@ﬁ%’r i??ox’ﬁietdhlsi?x%"}ﬁéh Px‘%%é’t@@” 0 and 800 watts. 20 23.
A two | ayer LTO backside seal for a wafer as clainmed in claim?21 or claim22

wherein the high stress LTO layer is fornmed using | ow frequency RF with

power between 100 an tts. 24. two Layer LTO hackside seal for a
Pafer asthl ot Meo byt e Eedeieal T e =¥ Sp i pB YRUFR B uency
used 5 n figh Birtd 1118 | 4Ye AR ol & Sing Rch@WREssh® (AT We§Res3RQ usaeh £OR thEiz. 25. A
two | ayer 'LTO backsi de seal for a wafer as clained in claim 24 wherein the
30 | ow flospmsacl TOdeykri n forming the high stress LTO layer is 200 kHz. 15 6
JUN 2005 26. A two |layer LTO backside seal for a wafer as clainmed in any one
of claimse 1 to 25 wherein the high stress layer is forned using high

pressur ez 27. AAwbWayer VY bickSldeask Shele warlas tRImed wedlgiin 26 of L AWKBEEIA N Cl ai m
26 wherein the 5 high stress LTO layer is formed using her pressure than

hi
t he prestbapeessivegsedbtofrformthezigh pogss $thxlagen iFbetvenga 200 28d 4@9%/0 | ayer LTO
baclél%i de seal for a wafer as clainmed in claim26 or 27 wherein the pressure
used to formthe high stress LTO | ayer is between 200 and 467 Pa. 10 29. A

two | ayerg LTQshaeKsyede e ahcldstle s@aWaf efvads lckdined ih An@bie 6NEalhs Chai s | to

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

30. A two layer LTO backside seal for a wafer as claimed 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 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.



28 wherein the high stress LTO layer is fornmed using | ow silane flow.gm@ﬁs

two |ayer LTO backside seal for a wafer as clainmed in claim29 wherein
15 high stress LTO |l ayer is forned us]‘hg silane fl ow between 50 and 1000

seem 31. Atwo layer LTO backside seal for a wafer as clainmed in claim?29
or claim30 wherein the high stress LTO | ayer is fornmed using silane flow

bet ween 0 and 60 S 20 32. Atwo |layer LTO packside seal. for a wafer
as clai e n “ahyo et E&%a&?ﬂﬁe s o7 & walehe BT e 4 el L0 | ayer
is fornmedqusidiginshé &8 QML MO Byé 3 1OMEL ol AWprdsel @ dthapwhidial nvweadee N t he
step of formng the I'ow stress L%,'O | ayer. 25 35. A two | ayer LTO backsi de

seal for batwezhé00asd D60 sasdh.i n any one of clainms 1 to 32 wherein the
tenperature used to formthe high stress LTO | ayer is between 250 and 600C.
34. Atwo layer LTO backside seal for a wafer as clainmed in any one of

claimg 1360 30n33MBELBOMAtREdd QADR ALWMIS: 438Hmk@ ih 95 WHeRSn BN, AbRess LTO
| ayer is between 300 and 450C. o JUN 2005 16 35. A two |ayer LTO backside

seal for raewsddein the fasinatioedf the haglystreaeLdPD leyeaiissetweern 1 0@Uangl0@isacmhe hi gh
stress LTO layer is forned in the presence of N2 with a flow rate between
800 and 7000 sccm 5 36. Atwo layer LTO backside seal for a wafer as

clai med i3n. 35 AVReS @lyBr LiTe) BRRkéiloveal Fort £whefds tRinkddeinf HiyBHei TR 1QMs i@ hi gh
stress LTO | ayer is between 1000 and 4000 sccm 37. A'two layer LTO

backsi de 3§edierdintheahigh stressdsl @ |lasiemisoformed inythe meeseficecoidNaid withtofloggaigher ei n
t he hjgh res 0] is formed in the presence of N20 with a flow rate
boesRMERG e BB i

10 bé we sccim 38. A two layer LTO backside seal for a
wafer as clained in any one of clains 1 to 37 wherein the N20 flow rate
used in the formation of the high stress LTO | ayer is )

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

37 wherein the N,O 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

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.



bet ween 3000 and 15000 sccm 15 39. A two |ayer LTO backside seal for a
wafer as clainmed in any one of claims 1 to 38 wherein as the |ow sty 0pnd
high stress LTO | ayers are deposited & network is fornmed between the low
stress and high stress |ayers. 20 40. A tw layer LTO backside seal for a
wafer as clained in any one of clains 1 to 39 wherein the wafer is a p-type
silicon wafer. 41. A two |layer LTO backside seal for a wafer as clained in
any one of claims 1 to 39 wherein the wafer is an n-type silicon wafer 25

42. A neyhod of fe@iJa &gfo?mfnf‘éoa hey @Jyelh[@(p@é\clﬁiidg%eﬁ% a Whid Wedigmdaam ng two
maj or sides including the steps of.” formng a |low stress LTO | ayer having a

first majckhumsi2déuirthed isdeding thajsep o fheming the lowestfdss 1T Orier usingehigh one
maj or sig% of t wafer, and 30 formng a high stress LTO |layer with a first
maj or si d&IEHYY s¥cBNE 'maj or side with one mmjor side of the high stress LTO
| ayersadj acent the second major side of the |ow stress LTO |ayer. 17 6 JUN
2005 43. A nethod of formng a two | ayer LTO backsi de seal on a wafer as
cl ai med Ba. cl & metdpdfafrfolremgi mtbatiyay Lilkebaskeide ofalfar ariwadert dsecliuowedsinr ess LTO

I [ i f. = . 5 44 t hod f ! t I
LT baoké Pt Yedtergh T8 Ritrake S e St Rk BFR hardi B Refboner of
the high frequency RF is between 200 and 1600 watts. 45. A nethod of

forming a two |ayer LTO backside seal on a wafer as clainmed in 10 claim 43

or clai ma4 whemsthedpdviermiots a treo kygh LT Oebpsksidy sgit dnsa efaressrrl@oedand 1200

\é\?;lt i% dﬂ@ﬁ:in’%‘ 4Igeotrré a(?m04{4 \Evgerrgnn;%v%rto\f\%el ﬁ&ﬁ%re'ﬂe%c? %klsélb%?wese%aiOOoarr]ldal 2%f er as
watts.

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.



any one of clainms 43 to 45 wherein the high frequency used in formng the

| ow stress 15 LTO |l ayer is about 13.56MHz. 47. A nmethod of formng a two

| ayer LTO backsi de seal on a wafer asi®lainmed in any one of clains zfQJuf\bZ[lﬂfB
further including the step of formng the low stress LTO |ayer using | ow
pressure. 20 48. A nethod of formng a two |layer LTO backside seal on a

wafer as clainmed in im47 wherein_the pressure used to formthe | ow
stress L¥b | ape mefl@db%ftﬁ?eg@wgzaob*«%mer Ld® pagkside saa) onma Mefei g féalm?eg % ng a

two | aye'&lah{99t@'c&a¢l Wﬁlen?ﬂleasdgﬁé 'E)wa1§seg lt@E@ﬁftH@ﬂowas@ﬁésé)ﬂ?(pfaPl&l 1%' s 42

to 48 furt i ncl u Ing the step orm ng t ow stress LTO [layer using
hi gh si | aetevebh 600 aad 600 &@m.A net hod of forming a two | ayer LTO backsi de seal
on a wafer as clainmed in 30 claim49 wherein the silane flow used to form
the low stress LTO | ayer is between 50 and 1000 sccm is 6 JUN 2005 51. A

met hogd ok for M ARt W hA¥E" W&Q@FETW&&%@E & A PVafdr R%1GHRIMRD 1N

claim49 or claimb50 wherel the si'lane flow used to formthe I ow stress LTO
| ayer i sanpeheve€rlalf® 4antd ﬂoﬁlrﬁeemcllﬁhﬁg theAstepe bh datnohg flor liwn gtresst MBOI1 ayer
LTO backsi de seal on a er a ai So'n any one of clains 42 to 51
further PHET WRFHEHEANE Wg)ﬁt‘?ﬁe ﬂg‘a t¢e | ow stress LTO |ayer using

t enperature between 250 and 600C. 53. A nethod of formng a two |ayer LTO
backsi de seal on a wafer as clainmed in 10 claim52 wherein the tenperature
used to Pdrm Bhmethod dtioaswglar®vd kayer LTS brskswdencd@d a anttr4650drinEd. inA met hod

of cfb g3 5o s Tk wap=rREr b s oAa Bl SR8 bR g Thers otfoss LTo

15 | ayer aghd43che. presence of N2 with flow rate between 800 and 7000 seem

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



55. A nethod of formng a two |ayer LTO backsi de seal on a wafer as cl ai ned
in claimb54 wherein the N2 flow rate used in the formation of the lémﬁ
stress LTO |l ayer is between 1000 and”4000 seem 20 56. A nethod of éN‘nzqq\%)
a two | ayer LTO backside seal on a wafer as clained in any one of clains 42
to 55 further including the step of formng the low stress LTO layer in the
presence f N20 wi t flow rate between_2000 a,r(’i 18000 se 3&@3 57. A net hod
of form Ag a OwEehede fProngac kg foresbdl barkaldGard ronad “afediatedaimed 18l ai m 56
wher ei n b | ayer is
e R g S

backsi de seal on a waf er as clainmed in 30 any one of clainms 42 to 57
further cluding t p. of for ngt e hig stress LT | ayer uysing high
frequenc95I HoREtho tO ﬁ%@ﬂmﬁé\/\féﬁ‘o [ni’ g'ﬂ%i\P poeal agp WR ”kﬁ‘g Hormng a
two |aye d reyn the
powersfiof Eltaw@ﬁ%h@?e?uﬁg}fl eapo e"[% \Hﬁé@eﬁmh‘!} egiﬁgnd 600 1%{5&]{»\%&‘@28&% nmet hod
of form hg0lawit | ayer LTO baCkSI de seal on a wafer as claimed in 5 claim
58 or claim59 wherein the power of the high frequency RF is between 300 and
1200 watts. 61. A nethod of formng a two | ayer LTO backsi de seal on a wafer
as clainmgd i ny aBMoANTE f@ifmi‘ﬁéaa' % hSet ET@Oba\Q’@ﬁH@'s@altdhea Riagh dsr@gpRaGy used in
formng the high stress 10 LTO | ayer is : . /A nethod of form ng
a two | agmyf oneTqd daickssi ¥ty 6@ athersm élevbaglerfrealsermyansmm fommnmmhedn@ ofress| ai ns 42
to thugiﬁgr mcbﬁjdh the step of formng the high stress LTO |ayer using
| ow Pgﬂ power. 15 63. A nethod of formng a two |ayer LTO
backsi de seal on a wafer as clainmed in claim®62 wherein the high stress LTO

layer is fornmed using |ow frequency RF with
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 kH=z



power between 0 and 800 watts. 20 64. A nethod of formng a two layer LTO

backsi de seal on a wafer as claimed in claim62 or claim®63 wherein the

hi gh stress LTO layer is forned usi ngwl ow frequency RF with power fhaiNaen
100 and 600 watts. 65. A nethod of formng a two |ayer LTO backsi de seal on
a wafer as clainmed in 25 any one of clains 61 to 63 wherein the | ow

frequency used in formng the high stress | ayer etween 100 and 600
kHz. 66. %A neﬁﬂgk?}@quotgﬁ‘flﬁ?@ %IWWYF%@‘?) Eq%ﬁaé& |<a7ea§@§frr BrPETEr e as
claimed i, i gh
tress LB o OF Ol o e L o il B e Ol g &

t wo | ayelaykdT @ib@bighipdessseal on a wafer as clainmed in any one of clains 42 to

66 further including the step of formng the high stress LTO |ayer using
hi gh pressure. 5 68. A method of forming a two |ayer LTO backside seal on

vaf ersas g8l ai negetidd &*f%hmn@ fwd (hef Lirochadiing stAesh SR asf Qhifleddnt he hi gh
stress LTO | ayer using higher pressure than the pressure used to formthe

| ow st reskith T fuather 1ncﬁ@hndb\th¢mt¢podf fn‘rmir(gﬂmer‘rgg}asnrm 'Y dayet TOngduglsirde seal
on a wafer as (é{ai ged in 10 cl &Zﬁ %ﬁéﬁ@h the pressure used to

f or m t he PFASgHe 1APARS PrevrT Biphto farm SRty k67 Pa. 70. A method of
formng a two | ayer LTO backside seal on a wafer as clained in any one of

claims 42 to 69 further including the stegmf formng the high stress LTO
15 | ayer 68si ng methodli qfatnenfnlgcmwcy layenLirex sigé stdran atngvaﬁﬁrtamlmwérm LTO

ayert | o cEP It B WirEim 85 %Rl Rty MSOETORIE DE%EhLN2: hoa
of form ngoand ¥&7 Payer LTO backsi de seal on a wafer as clained in

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.



claim70 or claim71 wherein the high stress LTO |layer is fornmed using
silane flow between 100 and 600 scc 25 73. A nmethod of formng a two

| ayer LTO backside seal on a wafer as*'claimed in any one of clai nms-7H0JiNolf2
wherein the high stress LTO layer is forned using silane flow wth a slower
flowrate than that used in the step of formng the |ow stress LTO | ayer.
30 74. A nethod of formng a two |ayer LTO backsi de seal on a wafer as
claimed in any one of clains 42 to 73 further including the step of formng

the high7stressmeffdd A@ﬁbﬁﬁir%séﬂgo@é et £T8) bRURSIdE QBNY S WalerbRt MRRILAZR0 and
600C. 21 - 6 JUN 2005 75. met hog of formng a two |ayer LTO backsi de seal

on a waf ekimd4oihererndhd tempkesture Paediodpoan thet gh stegsp &1T4Y layer wdetveen 06 m t he
hi gh stres(i @I{? | ayer is between 300 and 450C. 5 76. A nethod of formng a
two | ayef" +Y backsi de seal on a wafer as clained in any one of clainms 42
to 755further including the step of form ng the high stress LTO layer in
the presence of N2 with a flow rate between 800 and 7000 sccm 10 77. A

met hod of76f or M mgthedtafdformipgra toldyae kdCdeackeide seal an gvafader assclainzidnsd in 76

wherein the N2 £l ow r hn. the forpation the high stress O | ayer
et el ok gbCBifnt 3655 “Befntnl bR fL IR s bo Clophit e e R SE RO o
backsi de|5egin B8 pastfe®t NasSwith afldaterbetd&en8y 006000 sedndi s 42 to 77
further including the step of form ng the high stress LTO |ayer in the

presence of N2Owith a flow rate between 2000 and 18000 sccm 79. A method
of form at b [ : [ [ | aim 78
wher oy Vhe NECRFIEN OF SrEThEaLHS Ay ETP ol 1L B aRRorhl & Hifholn 770 Mayer
20 i s bewieen 8200, Alod rai0B6d setha fobfatioh sfehdbighaftrefl. TONgya it Wetweryier LTO
backsi de seal on a wafer as clained in any one of clains 42 to 79 wherein

the stepsV&tagdti®0mgcine | ow stress and high stress

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 scem.

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.



LTO | ayers include the step of formng a network between the | ow stress and
high stress 25 layers. 81. A nethod of formng a two |ayer LTO backside
seal on a wafer as clainmed in any one of clainms 42 to 80 wherein thg JWaf65
is a p-type silicon wafer. 30 82. A nethod of formng a two |ayer LTO
backsi de seal on a wafer as clainmed in any one of clains 42 to 80 wherein
the wafer _is an n-type silicon wafer. 6 JUN 2005 8 waf er fornmed using
the met hdd' of mHIcHeTH tSinG e siadkoiga? ogn ot i 2 R med us) ng the
nmet hod of any one of clains 42 to 82 further including a |ayer of
pol ysilicon between the wafer and the | ow stress layer. 5 85. A pp+ silicon
epi t axi al84waf & wafel detinreg: usingths uhsthoditod anyf pnstof ndpiors 42 de Shdushgecond
maj or side, | oyw stress LTO | ayer having a first major. side and a second
maj or Si dl%c,lu‘ﬁﬂ%a\ﬁ’fﬁqg p T‘B?O"sl?%ge?ﬁ& Pf@“q‘?r(%délfer WSUFIWEyer adj acent the
firstsmajor side of the p+ 10 substrate, and a high stress LTO silicon
oxi de layer having a first major side and a second nmjor side, the first
maj or si @é. of A pet kilighn epitaxed Wafdis¢lhdiogn oxi de | ayer adj acent the second
maj or side of the lLow stress LTO.lLayer. 15 86.. A pp+ silicon epitaxial wafer
as claimed i n2d aﬁub??%eﬁﬁfft%aﬂo’iﬂ@M?‘n@ecﬁﬂgm@&rtsg% al layer on the second
mej or side of at|B& Aress WSS IBLLhaBhg aAfiRPmafdrlsideOshdeRist @hldahajprtRE, B2 cl ai med
in claim86 wherein epitaxial layer is between | and 50 m crons thick. 20
88. A ppiirgfimpjepnidepet tigilaw sledserl T leyeaiadiagentntharfyrsomaj ot side af rike 85 to 87
wher%n stkt"? %hi ckness of the |ow stress LTO | ayer and the high stress LTO
[ {

| ayer et\Wween 1000 A and 10000 A. 25 89. A pp+ silicon epitaxial wafer

as cl ai med i naailyh @ressof TOI &iitdn 8Ridt Aafd® Hawnighefirst 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.

15  86. A ppt silicon epitaxial wafer as claimed in claim 85 further including an

epitaxial layer on the second major side of the p+ substrate.

87. A pp+ silicon epitaxial wafer as claimed in claim 86 wherein epitaxial layer is
between 1 and 50 microns thick.

20
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 pp+ 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 ppt silicon epitaxial wafer as claimed in claim 89 wherein the thickness of the

polysilicon layer is between 0.5 and 2 microns.

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

the warp is less than 50 microns.



including a polysilicon |ayer between the substrate and the | ow stress LTO

| ayer. 90. A pp+ silicon epitaxial wafer as clainmed in claim89 wherein the
t hi ckness of the polysilicon |layer i“s between 0.5 and 2 microns. 39 J9§.2003
pp+ silicon epitaxial wafer as clainmed in any one of clainms 85 to 90 wherein
the warp is less than 50 mcrons. 23 6 JUN 2005 92. A pp+ silicon epitaxial
wafer as clainmed in claim9l1 wherein the warp is less than 20 mcrons. 5 93.
A pp+ silicon epitaxial wafer as clained in any one of clains 85 to 92
wherein 93 he how Silic68 Tpithai WfeMaS cRNBed Bt clafn BAwhrkinC@B wRbliaNdal waf er
as clainmed in claim93 mﬂereln the bowis less than 15 mcrons. 10 95. A
pp+ silithen 28pniceptisal wafer as clainmed in any one of clains 85 to 94 wherein
the haze performances is |l ess than 50 ppm 96. A pp+ silicon epitaxial wafer
as claimed in claim95 wherein the haze 15 performance is |less than 15 ppm

97. A pp93.si | iAcoiw aRtsR¥pitxiafLEr AsclShRUTRAny Bn@BY clalfs 8% ¢ baiikrdr to 96
wherein the LLS performance greater than 0.128 mcrons is |l ess than 100 per

waf er. 2thed®w ia lgsp thasi 30 momowspi t axi al wafer as clainmed in claim97 wherein
the LLS performance greater than 0.128 microns is |less than 30 per wafer.
99. A pp+ silicon epitaxial wafer as clained in any one of clains 85 to 98

wherein 94 he WL§p-peilicon RpSAalgweRt @k cldi@bd G thmmcvaseid thel Bss i§ @ 50 per
wafer. 25 100. A pp+ silicon epitaxial wafer as clainmed in claim99 wherein

the LLS thsalpanigipiée greater than 0.155 nmicrons is |less than 10 per wafer.
10

95. A ppt silicon epitaxial wafer as claimed in any one of claims 85 to 94 wherein

the haze performances is less than 50 ppm.

96. A pp+ silicon epitaxial wafer as claimed in claim 95 wherein the haze

15  performance is less than 15 ppm.

97. A pp+ 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 ppt 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.

100. A ppt 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.



101. A pp+ silicon epitaxial wafer as clained in any one of clains 85 to 100
wherein 30 the LLS performance great? r than 0.193 microns is less than 30
per wafer. 24 6 JUN 2005 102. A pp+-Silicon epitaxial wafer as clagmpg 7m
claim 101 wherein the LLS performance greater than 0.193 mcrons is |less
than 10 per wafer. 103. A pp+ silicon epitaxial wafer as clainmed in any one

of cl ai 5 to 102 wherei 5 the LLS performance greater than O 5

m crons rr?% | eé‘_s pp%aﬂﬂg@ Sgﬁa“\(ﬁglf évra.?er1654.C %&%@#% nlla]in&o]rﬁe ef’teff)ﬁ’ %hev\hﬁgr as

cl ai med F&f&hﬁhé@ 21Q3teyhRh®. D3R rddsSs 1BETHaRN 0BBERaE eat er than 0.285 microns
is less than 5 per wafer. 10 105. A pp+ silicon epitaxial wafer as clained

in any one of clains 85 to 104 wherein the etch rate in wet bench cl eaning

is |ess n 100nm.,.106. .An. nn+.Silicon i taxial f.er oi-ncl udi . .an n+
cubstrat A0 1 et T iRt BAg s BBl ERAR S R cdR L ST (MRS (7o

| ayers hawieng Spdrfdrfitant@g@htes ttele 08d ricfRs s MpOL0 peid@afet.ne first maj or
side of the low stress LTO | ayer adjacent the first major side of the n+
substrate, and a high stress LTO silicon oxide |ayer having a first major

si de and Sego ' ' fi - Mk O ' ol S ss LTO
silicon %)%‘de g&érg&%fé%&?lhgﬂ%oégség%ﬁg r%%j gll?lﬁirgi g g@%{ﬁ%quwﬁg ress LTO
| ayer. 1PatforAantd@restet thaam. 285i heximlis wad than dpecivafered in cl ai m 106 further

including an epitaxial |ayer on the second nmgjor side of the n+ substrate.
25 108. An nn+ silicon epitaxial wafer as clainmed in claim 107 wherein

i t ki af Vit B PR e o B e 1 1380 v S e
t hi cknestheefchttate ihovet stnahsdedning is dgsethaandOhive hi gh stress LTO layer is 30
bet ween 1000 A and 10000 A. 25 - o JUN 2005
106.  An nn+ silicon epitaxial wafer including:
an n+ substrate a first major side and a second major side,
15 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 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

20  second major side of the low stress LTO layer.

107. An nn+ silicon epitaxial wafer as claimed in claim 106 further including an

epitaxial layer on the second major side of the n+ substrate.

25 108. Annn+ silicon epitaxial wafer as claimed in claim 107 wherein epitaxial layer is

between 1 and 50 microns thick.

109.  An nn+ silicon epitaxial wafer as claimed in any one of claims 106 to 108
wherein the thickness of the low stress LTO layer and the high stress LTO layer is
30  between 1000 A and 10000 A.



110. An nn+ silicon epitaxial wafer as clainmed in any one of clains 106 to
109 further including a polysilicon | ayer between the substrate and the | ow
stress LTO layer. 111. An nn+ siliconr epitaxial wafer as clainmed irf ¢INa20f5
110 wherein the thickness of 5 the polysilicon |ayer is between 0.5 and 2
mcrons. 112. An nn+ silicon epitaxial wafer as clainmed in any one of clains

106 to 1 erein the warp is less than 50. mcrons. 10 113, An nn+ silicon
epi t axi 2 et o8 0 é}@fﬁé@lfgwaﬁ !Wﬁf%_ PSP I ALY RE° wafrﬁéw oo 20
mcrons. adidr ibudiita Sbibbikesn ARkl Bivaln BLEKuAR AT LikBDY PAGO! I ai s

106 to 113 wherein t bow is’less than 30 mcrons. 15 115. An nn+ silicon
epitaxial wafer as clained in claim 114 wherein the bowis less than 15

i . 116. An nn+.silicon. epitaxial . i med.in ap f clai
Tos Lo 1151 o6 s oS Baha b Elaimns oc o 1AL e BeGRERS o7 Can
nn+ 3 1 i gRAOBRIIIBKIAler WPE@HedS0 6 lapll MBEicidhsCl ai m 116 wherein the haze

performance i's |l ess than 15 ppm 25 118. An nn+ silicon epitaxial wafer as
claimed in any one of claims 106 to 117 wherein the LLS performance greater

than 0.1 m grons, is. less.than 100 per, wafer. 119. An nn+ i C

epi t axi a PZWaf ey éﬁla?f”f‘reegltﬁ’ﬁlag rvg?% E%lga’\%eéir e I9€§ laigs, ?dcér ﬁoagile gr eat er
t han 0.1aﬁ@ﬁhgm@ﬁ&qbg1h§&5miB@ﬁn&ﬁn@er wafer. 30 120. An nn+ silicon
epitaxial wafer as clained in any one of clains 106 to 119 wherein the LLS

performance greater than 0.155 mcrons is | ess than 50 per wafer. 26 h JUN
2005, , 121,, An nn+,si.J- 1 con..epi Eal fer.as ¢l ai in.claim 120, wherein
Che 105" Thur r AU Ry aRle} fkP g 1AL MR IE RPN M IOar e
122, An man28inhiceas. epitaxial wafer as claimed in any one of clains 106 to
121

114.  An nnt silicon epitaxial wafer as claimed in any one of claims 106 to 113

wherein the bow is less than 30 microns.

15

115.  An nn+ silicon epitaxial wafer as claimed in claim 114 wherein the bow is less

than 15 microns.

116. An nn+ silicon epitaxial wafer as claimed in any one of claims 106 to 115

20  wherein the haze performances is less than 50 ppm.

117. An nn+ silicon epitaxial wafer as claimed in claim 116 wherein the haze

performance is less than 15 ppm.

25 118. An nn+ silicon epitaxial wafer as claimed in any one of claims 106 to 117

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

119.  An nn+ silicon epitaxial wafer as claimed in claim 118 wherein the LLS

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

120.  An nn+ silicon epitaxial wafer as claimed in any one of claims 106 to 119

wherein the LLS performance greater than 0.155 microns is less than 50 per wafer.



wherein the LLS performance greater than 0.193 mcrons is |less than 30 per
wafer. 123. An nn+ silicon epitaxial wafer as clainmed in claim 122 wherein
the LLS performance greater than 0. ¥¥3 microns is |l ess than 10 per. W\@@qgggg
10 124. An nn+ silicon epitaxial wafer as clainmed in any one of clains 6
to 123 wherein the LLS performance greater than 0.285 mcrons is |ess than
20 per wafer. 125. An nn+ silicon epitaxial wafer as clainmed in claim 124
wherein the LLS 15 perfornmance greater than 0.285 mcrons is less than 5

per wafernrs, 126, " i L 1 1epi j.a Cl| au i of
clains 1 %l't ngzﬁﬂ ﬁzg“f(’% ﬁblﬁcﬁ{gale%%?;ggt J(‘éla1?{%?16%\6/\/{6 %Eaé%cﬁk@ﬁ%lgﬁaﬁg@%sgpgss t han
100nm  performance greater than 0.155 microns is less than 10 per wafer.

5 122.  An nn+ silicon epitaxial wafer as claimed in any one of claims 106 to 121

wherein the LLS performance greater than 0.193 microns is less than 30 per wafer.

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.



