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QUARTZ WINDOW FOR A DEGAS CHAMBER

Background
[0001] During plasma processing of semiconductor substrates where the
semiconductor substrates are exposed to halogen-containing process gases, a residue
of the process gases can remain on the surface of the semicondﬁctor substrates.
Such residue can cause defects in the semiconductor substrates in downstream
processing steps, and can contaminate other semiconductor substrates in the
processing pipeline. Therefore, it is desirable to remove such residue from the

semiconductor substrates in a degas chamber.

Summary
[0002] Described herein is a five-sided quartz window configured to be mounted
on a degas chamber; the quartz window comprising a quartz plate of uniform
thickness and having a bottom surface, a top surface and a sidewall extending
between the bottom surface and the top surface, wherein the sidewall includes five

straight sections interconnected by five arcuate sections.

Brief Description Of Figures
[0003] Fig. 1 shows a schematic cross section of a degas chamber.
[0004] Fig. 2 shows a perspective view of a five-sided quartz window for a degas
chamber. ’
[0005] Fig. 3 shows a top view of the quartz window of Fig. 2.
[0006] Fig. 4 shows a side view of the quartz window of Fig. 2.
[0007] Fig. 5 shows a cross sectional view of the quartz window of Fig. 2.

[0008] Fig. 6 shows another cross sectional view of the quartz window of Fig. 2.

Detailed Description
[0009] Fig. 1 shows a schematic cross section of an exemplary degas chamber 100.
The degas chamber 100 comprises a chamber wall 10, made of a metallic material

such as aluminum. A five-sided quartz window 30 is clamped to a top of the
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chamber wall 10 by a plurality of clamps 40 45. The quartz window 30 is preferably
made of synthetic quartz for its high transmission of UV light. Synthetic quartz is
typically untwined and produced in an autoclave via the hydrothermal process. A
continuous pentagon-shaped O-ring 35 between the quartz window 30 and the
chamber wall 10 provides a vacuum seal. A UV source 80 is disposed above the
quartz window 30. A vacuum pump 60 is connected to the degas chamber 100
through an exhaust port which can be closed by a valve 65. A gas source 70 is
connected to the degas chamber 100 through a gas line which can be closed by
another valve 75.

[0010] Fig. 2 is a perspective view of an embodiment of the quartz window 30.
The quartz window 30 is a five-sided quartz plate with a uniform thickness of about
1.1 to 1.2 inches (“about” as used herein means +£10%), preferably about 1.15
inches. A top surface 301 and a bottom surface 302 of the quartz window 30 are
mechanically polished, preferably to a roughness with an R, between 1 microinch
and 5 microinches. A sidewall 410 extends between the top surface 301 and the

bottom surface 302. When mounted on the degas chamber 100, the quartz window

30 1s clamped to the chamber wall 10 by four clamps 40 engaged at four clamping

regions 391-394 on the top surface 301 of the quartz window 30.

[0011] Fig. 3 is a top view of the five-sided quartz window 30. The perimeter of
the quartz window 30 is defined by five straight sections (352, 354, 356, 358 and
360) interconnected by five arcuate sections (351, 353, 355, 357 and 359). The
quartz window 30 is pentagonal in shape with a straight base section 356, straight
lower diverging sections 354, 358 at an angle of about 18.5° with a center line
passing perpendicularly through the middle of the base section 356 and dividing the
window into two equal parts, and straight upper converging sections 352, 360 at an
angle of about 47.2° with the center line with large radius arcuate sections 353, 359
between the upper and lower straight sections and small radius arcuate sections 355,
357 between the straight base section 356 and lower straight sections 354, 358 and
another small radius arcuate section between the upper straight sections 352, 360.
For simplicity, a Cartesian coordinate system is established to define these sections.
All coordinates described herein have a tolerance of £10% and are in the unit of

inches. The origin of the Cartesian coordinate is at a central point as marked by a
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cross hair 310. The quartz window 30 is symmetric about the y axis. The quartz
window 30 has a length of about 15.2 inches along the y axis and a width of about
12.6 inches along the x axis. Thus, the window 30 is slightly larger than a 300 mm
(12 inch) diameter wafer.

[0012] The section 352 is a straight line between coordinates (-1.58, 7.12) and
(-4.29, 4.62). The section 360 is a straight line between coordinates (1.58, 7.12) and
(4.29, 4.62). The section 354 is a straight line between coordinates (-5.97, -2.00)
and (-4.46, -6.53). The section 358 is a straight line between coordinates (5.97,
-2.00) and (4.46, -6.53). The section 356 is a straight line between coordinates
(-3.15,-7.47) and (3.15, -7.47). The arcuate section 351 is tangent to both sections
352 and 360 and has a radius of about 2.32 inches with a central angle (the angle
between two radii that span the arc) of about 85.7°. The arcuate section 353 is
tangent to both sections 352 and 354 and has a radius of about 6.3 inches with a
central angle of about 65.7°. The arcuate section 355 is tangent to both sections 354
and 356 and has a radius of about 1.38 inches with a central angle of about 71.5°.
The arcuate section 357 is tangent to both sections 356 and 358 and has a radius of
about 1.38 inches with a central angle of about 71.5°. The arcuate section 359 is
tangent to both sections 358 and 360 and has a radius of about 6.3 inches with a
central angle of about 65.7°.

[0013] Fig. 4 shows a side view of the quartz window 30 wherein the sidewall 410
extends between the top surface 301 and the bottom surface 302 of the quartz
window 30. The window 30 is preferably solid quartz and does not including any
protrusions, indentations or passages other than recesses in the sidewall which are
used for manual or automatic transport of the window 30. The window 30 is
preferably ultra pure synthetic quartz.

[0014] Fig. S shows a cross section along line A-A in Fig. 4. The sidewall 410 has
four arcuate recesses 450A, 450B, 450C and 450D on the straight sections 352, 360,
354 and 358 respectively, and configured to engage a lifting tool for installing and
uninstalling the quartz window 30. Fig. 6 shows a cross section along line B-B in
Fig. 5. Each recess defines an opening of about 1 inch by about 0.5 inch in the
sidewall 410, parallel upper and lower walls and a curved vertical wall having a

radius of about 0.75 inch and a height of about 0.5 inch between the parallel upper
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and lower walls. The recesses are located about midway between the top surface
301 and the bottom surface 302. The arcuate centers of the recesses 450A and 450B
are located at coordinates (-3.74, 5.74) and (3.74, 5.74), respectively. The arcuate
centers of the recesses 450C and 450D are located at coordinates (-5.79, -3.97) and
(5.79, -3.97), respectively. The inside corners of the recesses are rounded to a radius
of about 0.1 inch. The outside corners of the recesses have a 45° chamfer of about
0.04 inch v?ide.

[0015] The quartz window 30 is configured to be mounted on the top of the degas
chamber 100 in which UV light is transmitted through the quartz window 30 while a
gas such as ozone or oxygen is flowed in the degas chamber 100 to remove halogen-
containing residues such as etch byproducts from a semiconductor substrate such as
a 300 mm wafer supported in the degas chamber 100. The quartz window 30 is
large enough to allow the gas above an upper surface of the wafer to be irradiated
with the UV light and the non-circular shape of the quartz window 30 overlies a
slightly smaller opening of the same shape which allows access to interior chamber
components that would otherwise be inaccessible if the quartz window 30 were
circular and about the size of the semiconductor substrate. Due to the presence of
surrounding manometer fittings, gas lines and components of adjacent chambers, the
shape of the quartz window 30 also allows the quartz window 30 to be raised and
lowered without colliding with such adjacent hardware.

[0016] Referring to Fig. 1, during processing in the degas chamber 100, a
semiconductor substrate 50 is transferred through a loading door 20 in the chamber
wall 10 and placed on a plurality of substrate support pins 55. The degas chamber
100 is evacuated by the vacuum pump 60 and the gas source 70 provides ozone gas
or O, gas into the degas chamber 100 which is maintained at a vacuum pressure
between 10 mTorr and 10 Torr. The UV source 80 irradiates through the quartz
window 30 towards the semiconductor substrate 50 with a UV light preferably of a
wavelength of 254 nm and at an intensity between 0.05 and 5 W/cm?, for a period of 4
between 10 seconds and 1 minute. Ozone gas or O, gas absorbs UV radiation from
the UV light and decomposes into O radicals (atomic oxygen) which react with the
halogen-containing residue. The reaction products are gases and are evacuated from

the degas chamber 100.
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[0017] While the quartz window has been described in detail with reference to
specific embodiments thereof, it will be apparent to those skilled in the art that

various changes and modifications can be made, and equivalents employed, without

departing from the scope of the appended claims.
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We Claim:
1. A five-sided quartz window of a degas chamber, the quartz window
comprising a quartz plate of uniform thickness, the quartz plate comprising;:

a bottom surface, a top surface and a sidewall extending between the
bottom surface and the top surface, wherein the sidewall includes five straight

sections interconnected by five arcuate sections.

2. The quartz window of claim 1, wherein the five straight sections and the
five arcuate sections consist of a straight base section, two straight lower diverging
sections and two straight upper converging sections with two large radius arcuate '
sections between the upper converging sections and the lower diverging sections and
two small radius arcuate sections between the base section and the lower diverging
sections and another small radius arcuate section between the upper converging

sections.

3. The quartz window of claim 1, wherein the five straight sections and five
arcuate éections include:

a first arcuate section having a radius of about 2.32 inches and a central
angle of about 85.7°;

a second arcuate section having a radius of about 6.3 inches and a central
angle of about 65.7°;

the third arcuate section having a radius of about 1.38 inches and a central
angle of about 71.5°;

a fourth arcuate section having a radius of about 1.38 inches and a central
angle of about 71.5°;

a fifth arcuate section having a radius of about 6.3 inches and a central
angle of about 65.7°;

a first straight section connected to the first and second arcuate sections;

a second straight section connected to the second and third arcuate sections;

a third straight section connected to the third and fourth arcuate sections;

~ a fourth straight section connected to the fourth and fifth arcuate sections;

a fifth straight section connected to the fifth and first arcuate sections; and
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each of the straight sections is tangent to both arcuate sections it is

connected to.

4. The quartz window of claim 1, wherein the thickness of the quartz window
is about 1.15 inches and the upper surface has a maximum dimension of about 15.2

inches and a minimum dimension of about 12.6 inches.

5. The quartz window of claim 1, wherein the top surface and the bottom
surface are polished surfaces having a roughness with R, between 1 and 5

microinches.

6. The quartz window of claim 2, further comprising four arcuate recesses in
the sidewall along the converging and diverging sections, wherein the recesses have
parallel upper and lower walls and a curved vertical wall therebetween, the curved
vertical wall having a radius of about 0.75 inch and a height between the upper and
lower walls of about 0.5 inch, the recesses being located midway between the top

surface and the bottom surface.
7. The quartz window of claim 1, wherein the quartz is synthetic quartz.

8. A degas chamber comprising the quartz window of claim 1 removably

mounted on an upper surface of the degas chamber.

9. A degas chamber of claim 8, wherein the quartz window is removably
mounted by a plurality of clamps, and a continuous pentagon-shaped O-ring
disposed between the quartz window and the upper surface of the degas chamber to

provide a vacuum seal.

10. A method of processing a semiconductor substrate, comprising:
placing the semiconductor substrate into the degas chamber of claim §;
supplying ozone gas or O; gas into the degas chamber while maintaining a

vacuum pressure in the chamber of 10 mTorr to 10 Torr;

-7 -



WO 2011/056194 PCT/US2010/002822

generating O radicals by irradiating the ozone gas or O, gas in the degas
Y
chamber through the quartz window with UV light;
removing halogen-containing residues on the semiconductor substrate by

reaction with the O radicals.



