
1 - 6 JUN 2005  TWO LAYER LTO BACKSIDE SEAL FOR A WAFER FIELD OF INVENTION
The invention relates to a process for Low Temperature Oxide (LTO)
deposition of a  5 backside seal for wafers using Low Pressure Plasma
Enhanced Chemical Vapour  Deposition (LPPECVD) and in particular to a two
layer LTO backside seal.  BACKGROUND 10 Autodoping is a problem that occurs
in silicon wafers that are used for epitaxial  deposition. During the heat
cycle of the epitaxial process, the highly doped (p+) silicon  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 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 SiO2 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. 2 6 JUN 2005
One existing system provides a single LTO layer on the backside of a wafer.
However the layer produced is typically thicker than 500 ran and does not
solve the problems of  



haze on the front face of the wafer and warpage of the wafer. 5 SUMMARY OF
INVENTION In broad terms in one aspect the invention comprises a two layer
LTO backside seal for  a wafer having a first major side and a second major
side comprising: 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 layer
adjacent to one major side of the wafer; and a high stress LTO layer  having
a first major side and second major side, the first major side of the high
stress  LTO layer adjacent the second major side of the low stress LTO
layer. In broad terms in a further aspect the invention comprises a method
of forming 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 JUN 2005  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. 5 BRIEF DESCRIPTION OF DRAWINGS Preferred form
wafers of the invention will be further described with reference to the
accompanying drawings by way of example only and without intending to be
limiting,  wherein; 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 (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. - 6
JUN 2005  LTO plasma processes commonly use Ni for dilution, N20 as an
oxygen carrying gas, and SiH4 as a silicon carrying gas. In the plasma phase
these compounds are  



dissociated into their respective ionic components and the more mobile
electrons are  accelerated by high frequency RF at high power coupled to the
reaction chamber to 5 strike the plasma. There is a small negative voltage
between the positive ions in the  plasma and the wafer that rests on a
grounded heater block. This potential difference  will accelerate the ions
towards the wafer surface where the ions form a layer of silicon  dioxide
(SiO2). 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. 5 6 JUN
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shows preferred ranges for pressure, time, temperature, high RF frequency
power, low RF frequency power, N2, N20, and SiH4 so that a low stress LTO
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. 5 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
Si02 layer. This layer typically is an imperfect  Si02 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, N2, N20, and SiH4 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.
F; JUN 2005  In the process used to form the LTO backside seal the high
frequency RF is typically 13.56 MHz as this is the industry standard but may
be any suitable frequency. The low  frequency RF is typically between 100
kHz and 600 kHz. More typically the low RF  5 frequency is 200 kHz as this
is the industry standard but may be any suitable frequency. The combination
of the high stress and low stress LTO layers provides significantly  greater
suppression of visual edge epi-haze over existing single-layer LTO backside
seal  devices. The double 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 I 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 g 6 JUN 2005  overcome by removal of some of the
thickness of the high stress LTO layer during the cleaning process. After
the two layer LTO backside seal is formed on the wafer the wafer is
subjected to  5 LTO edge removal to remove any LTO film on the edge area of
the wafer and any trace  LTO film on the wafer front side. The edge
exclusion is typically 0.006 to 5 mm. This  process does not reduce the
thickness of the high stress outer LTO layer. Following the edge removal
process the wafer is subjected to edge polishing and edge  10 polish
cleaning. The edge polishing process does not remove any of the LTO film
form  the backside of the wafer. Edge polish cleaning uses a solution of
HF/03 with HF  concentration of typically 0.02 to 0.5%. The edge polish
cleaning process typically  removes 5 - 30 rim from the thickness of the LTO
backside seal. 15 After polishing and polish cleaning a post-polish clean is
performed. The post-polish  



clean further removes some of the LTO layer. The concentration of HF in the
post- polish clean is typically 0.1 - 1% resulting in removing typically 10
- 50 rim 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-JO 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. 9 - 6 JUN 2005  The
double layer LTO backside seal has another effect on post-epi warpage. The
outer high stress layer of the LTO backside seal has no film stress release
during epitaxy. It is  well known that a PECVD LTO film contains a large
amount of by-elements and is an  5 imperfect network. For example SiOX,
SiNH" and SiHX (where x= 1, 2, 3, 4) are some of the by-elements. A more
porous LTO layer has more by-elements. During epitaxy  high temperature
annealing (typically at temperatures of 1050 to 1200 C) by-element
outgasing and film network rearranging occurs. During epitaxy the LTO layer
will tend  to become a high density layer, which has almost the same
properties as thermal silicon 10 oxidation, e.g. a similar post-epi etching
rate. This means that after epitaxy high  temperature annealing the LTO film
will have almost the same properties as thermal  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 - 6 JUN 2005  control
the wafer geometry to reduce warpage and keep the beneficial low etch rate
of the high stress layer. Comparing the two layer LTO backside seal
described above and existing single layer  5 backside seals shows a benefit
of the two layer LTO backside seal. Before epitaxy both  of the seals
provide almost the same contribution to the geometry of the wafer. After
epitaxy the single layer LTO seal provides a high stress contribution that
increases  warpage of the wafer, but the double layer LTO seal maintains the
same wafer  geometry. This effect is impossible to achieve with a single
layer backside seal,  10 especially with a thick backside seal (typically >
500 run). As well as the double layer LTO backsides seal a polysilicon layer
may be included  



between the wafer and the double layer LTO backside seal. Preferably the
thickness of  the polysilicon layer is between 0.5 and 2 microns. The
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 KLA Tencor SPI
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 i l - 6 JUN 2005  wafers with a double-layer LTO
backside seal. The double layer LTO backside seal also has a typical etch
rate in wet bench cleaning or less than 100 nm. The silicon epitaxial wafer
may be a pp+ wafer having a p-type epitaxy layer and a p+  5 substrate.
Alternatively the silicon epitaxial wafer may be a nn+ wafer have an n-type
epitaxy layer and an n+ substrate. The foregoing describes the invention
including a preferred form thereof. Alterations  and modifications as will
be obvious to those skilled in the art are intended to be  10 incorporated
within the scope hereof as defined in the accompanying claims. 12 ~6JUN2005



CLAIMS 1. A two layer LTO backside seal for a wafer having a first major
side and a  second major side comprising: 5 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 of one major side of the wafer; and  a high stress
LTO layer having a first major side and second major side, the first major
side of the high stress LTO layer adjacent the second major side of the low
stress  LTO layer. 10 2. A two layer LTO backside seal for a wafer as
claimed in claim 1 wherein the  low stress LTO layer is formed using high
frequency RF power. 3. A two layer LTO backside seal for a wafer as claimed
in claim 2 wherein the  15 power of the high frequency RF 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 I to  7 wherein the low stress LTO
layer is formed using high silane flow rate. 13 - 6 JUN 2005  9. A two layer
LTO backside seal for a wafer as claimed in claim 8 wherein the silane flow
used to form the low stress LTO layer is between 50 and 1000 sccm. 10. A two
layer LTO backside seal for a wafer as claimed in claim 8 or claim 9  



5 wherein the silane flow used to form the low stress LTO layer is between
100 and 600  sccm. 11. A two layer LTO backside seal for a wafer as claimed
in any one of claims 1 to  10 wherein the temperature used to form the low
stress LTO layer is between 250 and  10 600C. 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 fonn the low stress LTO layer is between 300 and  450C.
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 N2 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 N2 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 N20 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 N2O flow rate used in the formation the low
stress LTO layer is between  30 3000 and 15000 sccm. 14 -6JUN2005  17. A two
layer LTO backside seal for a wafer as claimed in any one of claims 1 to 16
wherein the high stress LTO layer is formed using high frequency RF power at
high  power. 5 18. A two layer LTO backside seal for a wafer as claimed in
claim 17 wherein the  power of the high frequency RF is between 200 and 1600
watts. 19. A two layer LTO backside seal for a wafer as claimed in claim 17
or claim 18  



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 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. 15 6
JUN 2005 26. A two layer LTO backside seal for a wafer as claimed in any one
of claims 1 to  25 wherein the high stress layer is formed using high
pressure. 27. A two layer LTO backside seal for a wafer as claimed in claim
26 wherein the  5 high stress LTO layer is formed using higher pressure than
the pressure used to form the  low stress LTO layer. 28. A two layer LTO
backside seal for a wafer as claimed in claim 26 or 27 wherein  the pressure
used to form the high stress LTO layer is between 200 and 467 Pa. 10 29. A
two layer LTO backside seal for a wafer as claimed in any one of claims I 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
seem. 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  seem. 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  600C.
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  450C. o JUN 2005  16 35. A two layer LTO backside
seal for a wafer as claimed in any one of claims 1 to  34 wherein the high
stress LTO layer is formed in the presence of N2 with a flow rate  between
800 and 7000 sccm. 5 36. A two layer LTO backside seal for a wafer as
claimed in 35 wherein the N2 flow  rate used in the formation of the high
stress LTO layer is between 1000 and 4000 sccm.  37. A two layer LTO
backside seal for a wafer as claimed in any one of claims 1 to  36 wherein
the high stress LTO layer is formed in the presence of N20 with a flow rate
10 between 2000 and 18000 sccm. 38. A two layer LTO backside seal for a
wafer as claimed in any one of claims 1 to  37 wherein the N20 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. 17 6 JUN
2005  43. A method of forming a two layer LTO backside seal on a wafer as
claimed in claim 42 further including the step of forming the low stress LTO
layer using high  frequency RF power. 5 44. A method of forming a two layer
LTO backside seal on a wafer as claimed in  claim 43 wherein the power of
the high frequency RF is between 200 and 1600 watts.  45. A method of
forming a two layer LTO backside seal on a wafer as claimed in 10 claim 43
or claim 44 wherein power of the high frequency RF is between 300 and 1200
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. is 6 JUN 2005  51. A
method of forming a two layer LTO backside seal on a wafer as claimed in
claim 49 or claim 50 wherein the silane flow used to form the low stress LTO
layer is  between 100 and 600 seem. 5 52. A method of forming a two layer
LTO backside seal on a wafer as claimed in  any one of claims 42 to 51
further including the step of forming the low stress LTO  layer using
temperature between 250 and 600C. 53. A method of forming a two layer LTO
backside seal on a wafer as claimed in  10 claim 52 wherein the temperature
used to form the low stress LTO layer is between 300  and 450C. 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 N2 with flow rate between 800 and 7000 seem. 



55. A method of forming a two layer LTO backside seal on a wafer as claimed
in  claim 54 wherein the N2 flow rate used in the formation of the low
stress LTO layer is  between 1000 and 4000 seem. 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 N20 with flow rate between 2000 and 18000 seem. 25 57. A method
of forming a two layer LTO backside seal on a wafer as claimed in  claim 56
wherein the N20 flow rate used in the formation the low stress LTO layer is
between 3000 and 15000 seem. 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. 19 - 6 JUN 2005  59. A method of forming a
two layer LTO backside seal on a wafer as claimed in claim 58 wherein the
power of the high frequency RF is between 200 and 1600 watts.  60. A method
of forming a two layer LTO backside seal on a wafer as claimed in  5 claim
58 or claim 59 wherein the power of the high frequency RF is between 300 and
1200 watts. 61. A method of forming a two layer LTO backside seal on a wafer
as claimed in  any one of claims 58 to 60 wherein the high frequency used in
forming the high stress  10 LTO layer is 13.56 MHz. 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. 20 6 JUN 2005  67. A method of forming a
two layer LTO backside seal on a wafer as claimed in any one of claims 42 to
66 further including the step of forming the high stress LTO  layer using
high pressure. 5 68. A method of forming a two layer LTO backside seal on a
wafer as claimed in  claim 67 further including the step of forming the high
stress LTO layer using higher  pressure than the pressure used to form the
low stress LTO layer. 69. A method of forming a two layer LTO backside seal
on a wafer as claimed in  10 claim 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 sccm. 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
600C. 21 - 6 JUN 2005  75. A method of forming a two layer LTO backside seal
on a wafer as claimed in claim 74 wherein the temperature used to form the
high stress LTO layer is between 300  and 450C. 5 76. A method of forming a
two layer LTO backside seal on a wafer as claimed in  any one of claims 42
to 75 further including the step of forming the high stress LTO  layer in
the presence of N2 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 N2 flow rate used in the formation of the high stress LTO layer
is between  1000 and 4000 sccm. 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 N2O 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 N2O flow rate used in the formation of the high stress LTO layer
20 is between 3000 and 15000 seem. 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. 6 JUN 2005  83. A wafer formed using
the method of any one of claims 42 to 82. 84. A wafer formed using the
method of any one of claims 42 to 82 further  including a layer of
polysilicon between the wafer and the low stress layer. 5 85. 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+  10 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  second
major side of the low stress LTO layer. 15 86. A pp+ 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 I 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 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. 23 6 JUN 2005  92. A pp+ silicon epitaxial
wafer as claimed in claim 91 wherein the warp is less than 20 microns. 5 93.
A pp+ silicon epitaxial wafer as claimed in any one of claims 85 to 92
wherein  the bow is less than 30 microns. 94. A pp+ silicon epitaxial wafer
as claimed in claim 93 wherein the bow is less  than 15 microns. 10 95. A
pp+ 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 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. 24 6 JUN 2005  102. A pp+ silicon epitaxial wafer as claimed in
claim 101 wherein the LLS performance greater than 0.193 microns is less
than 10 per wafer. 103. A pp+ silicon epitaxial wafer as claimed in any one
of claims 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
claimed in claim 103 wherein the LLS  performance greater than 0.285 microns
is less than 5 per wafer. 10 105. A pp+ silicon epitaxial wafer as claimed
in any one of claims 85 to 104 wherein  the etch rate in wet bench cleaning
is less than 100nm. 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 rm+ silicon epitaxial wafer as claimed in claim 106 further
including an  epitaxial layer on the second major side of the n+ substrate.
25 108. An nn+ 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. 25 - o JUN 2005  



110. An nn+ silicon epitaxial wafer as claimed in any one of claims 106 to
109 further including a polysilicon layer between the substrate and the low
stress LTO layer.  111. An nn+ silicon epitaxial wafer as claimed in claim
110 wherein the thickness of  5 the polysilicon layer is between 0.5 and 2
microns. 112. An nn+ silicon epitaxial wafer as claimed in any one of claims
106 to 111  wherein the warp is less than 50 microns. 10 113. An nn+ silicon
epitaxial wafer as claimed in claim 112 wherein the warp is less  than 20
microns. 114. An nn+ 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. 30 120. 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. 26 h JUN
2005  121. An nn+ silicon epitaxial wafer as claimed in claim 120 wherein
the LLS  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 nn+ 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. 


