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(57) Abstract: Embodiments provide systems, apparatus, and
methods for an improved load port operable to purge air trapped
between the substrate carrier door and the carrier door opener. Em-
bodiments include a docking tray adapted to receive a substrate
carrier including a carrier door; a door opener adjacent the docking
tray and adapted to couple to the carrier door and to open the carri-
er door, wherein the door opener includes a purge gas inlet port; at
least one exhaust outlet port, and a ridge wall defining a perimeter
channel in cooperation with a docked substrate carrier, wherein
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the door opener further includes a diverter structure disposed to
direct purge gas from the inlet port to at least one of the openings
in the ridge wall. Numerous additional aspects are disclosed.
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SYSTEMS, APPARATUS, AND METHODS FOR A
LOAD PORT DOOR OPENER

RELATED APPLICATION
[001] This application claims priority from U.S. Non-
Provisional Patent Application No. 15/426,037, filed February
6, 2017, and entitled “SYSTEMS, APPARATUS, AND METHODS FOR A
LOAD PORT DOOR OPENER” (Attorney Docket No. 24696/USA), which
is hereby incorporated herein by reference in its entirety for

all purposes.

FIELD
[002] The present application relates to electronic device
manufacturing systems, and more specifically to systems,

apparatus, and methods for a load port door opener.

BACKGROUND
[003] Equipment front end modules (EFEMs), sometimes
referred to as factory interfaces (FIs), provide a non-
reactive environment for transferring substrates from carriers
to processing tools. This is achieved by sealing the interior
volume of the EFEM as much as is practical and flooding the
interior volume with a gas such as nitrogen that is non-
reactive with substrate materials. The non-reactive gas
forces out any reactive gases such as oxygen from the EFEM. A
load port for docking a substrate carrier attaches to the
front face of an EFEM. The load port includes a door opener
for removing a door from the substrate carrier docked on the
load port. Air trapped between the door opener and the
carrier door can seep into the EFEM and potentially
contaminate substrates. However, using prior art methods and
apparatus, it can be difficult, time consuming, and/or

expensive to adequately purge the trapped air. Thus, what are
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needed are systems, apparatus, and methods for a load port

door opener that facilitates purging trapped air.

SUMMARY
[004] In some embodiments, an improved load port operable to
purge alr trapped between the substrate carrier door and the
carrier door opener is provided. Embodiments include a
docking tray adapted to receive a substrate carrier including
a carrier door; a door opener adjacent the docking tray and
adapted to couple to the carrier door and to open the carrier
door, wherein the door opener includes a purge gas inlet port;
at least one exhaust outlet port, and a ridge wall defining a
perimeter channel in cooperation with a docked substrate
carrier, wherein the ridge wall includes openings proximate
the ports and wherein the door opener further includes a
diverter structure disposed to direct purge gas from the inlet
port to at least one of the openings in the ridge wall.
[005] In some other embodiments, a load port door opener is
provided. The load port door opener includes a purge gas
inlet port; at least one exhaust outlet port, and a ridge wall
defining a perimeter channel in cooperation with a docked
substrate carrier, wherein the ridge wall includes openings
proximate the ports and wherein the door opener further
includes a diverter structure disposed to direct purge gas
from the inlet port to at least one of the openings in the
ridge wall.
[006] In yet other embodiments, a method of purging air from
a volume between a load port door opener and a substrate
carrier door is provided. The method includes providing a
load port including a door opener with a purge gas inlet port,
at least one exhaust outlet port, and a ridge wall defining a
perimeter channel in cooperation with a docked substrate
carrier, the ridge wall having openings proximate the ports;

docking a substrate carrier against the door opener,
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entrapping air in a volume there between including the
perimeter channel; injecting purge gas into the volume via the
purge gas inlet port; directing the purge gas into the
perimeter channel via an opening in the ridge wall proximate
the purge gas inlet port; and exhausting the air and the purge
gas out of the volume via the at least one exhaust outlet
port.

[007] Still other features, aspects, and advantages of
embodiments will become more fully apparent from the following
detailed description, the appended claims, and the
accompanying drawings by illustrating a number of example
embodiments and implementations. Embodiments may also be
capable of other and different applications, and its several
details may be modified in various respects, all without
departing from the scope of the disclosed embodiments.
Accordingly, the drawings and descriptions are to be regarded
as illustrative in nature, and not as restrictive. The

drawings are not necessarily drawn to scale.
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BRIEF DESCRIPTION OF THE DRAWINGS
[008] FIG. 1 illustrates a block diagram depicting an
example of an electronic device processing system according to
some embodiments.
[009] FIG. 2 illustrates a front isometric view diagram
depicting an example load port according to some embodiments.
[0010] FIG. 3 illustrates an isometric view diagram depicting
an example substrate carrier according to some embodiments.
[0011] FIG. 4 illustrates an isometric view diagram depicting
an example substrate carrier door against a cross—sectioned
portion of a load port door opener according to some
embodiments.
[0012] FIG. 5 illustrates a cross—sectional view diagram
depicting an interface between a substrate carrier door and a
door opener of load port according to some embodiments.
[0013] FIG. 6 illustrates a plan view diagram depicting
details of a portion of a load port door opener according to
some embodiments.
[0014] FIG. 7 illustrates an isometric view diagram depicting
details of a portion of a load port door opener according to
some embodiments.
[0015] FIG. 8 illustrates a plan view wire frame diagram
depicting details of gas flow between a substrate carrier door
and a load port door opener according to some embodiments.
[0016] FIG. 9 illustrates an isometric view wire frame
diagram depicting details of gas flow between a substrate
carrier door and a load port door opener according to some
embodiments.
[0017] FIG. 10 illustrates a flowchart illustrating an
example method according to some embodiments.
[0018] FIGs. 11 and 12 illustrate graphs depicting the
relative difference in time and purge gas consumption of prior

art systems and methods wversus embodiments disclosed herein.
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DETAILED DESCRIPTION
[0019] As substrate (e.g., silicon wafer) processing
technologies improve to higher resolutions with smaller

feature dimensions, contamination from particles, moisture,

and reactive gasses (e.g., oxygen (0z2)) become more
problematic. An equipment front end module (EFEM) (sometimes
referred to as a factory interface (FI)) of an electronic

device manufacturing system aims to create a relatively inert
(i.e., non-reactive) environment for substrates that prevents
contamination of the substrates by using a non-reactive gas
such as nitrogen (N2) to force out all other gases (e.g., 02),
moisture, and other particles.

[0020] The EFEM interfaces with load ports (LPs) which
facilitate the delivery of substrates from inside a substrate
carrier (e.g., a front opening unified pod (FOUP)) to the rest
of the system. However, prior art methods of purging the air
(e.g., including 02) out of the substrate carrier and the LP
interface of the EFEM do not allow for certain trapped volumes
of air to be purged or replaced with Nz. This unpurged volume
of air then contaminates the non-reactive environment, and
results in having to use a relatively large amount of Nz flow
and time to reduce O PPM concentrations back down to an
acceptable level. High purity Nz is expensive, and with some
EFEMs having multiple LPs and a high throughput level, 02 is
introduced into prior art systems relatively rapidly and is
handled with a relative high rate of purging and therefore, at
a relatively high cost.

[0021] Further, not only is the cost of prior art methods
relatively high due to the excessive use of consumables, but
the risk of substrate contamination and downtime are
significantly increased using prior art methods. Embodiments
disclosed herein provide systems, methods, and apparatus to

remove these volumes of trapped air in a simple and cost
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effective manner while enabling a higher purity (e.g., a
higher level of non-reactiveness) EFEM.

[0022] Embodiments provide systems, methods, and apparatus to
purge trapped air volumes (1) in a perimeter channel between
the edge of the substrate carrier door and the outer wall of
the substrate carrier and (2) between the substrate carrier
door and the LP door opener. According to embodiments,
nitrogen gas is injected through a purge gas inlet port in the
LP door opener and exhausted through three exhaust gas outlet
ports in the LP door opener. The ports are located in the
corners of the LP door opener. Due to various ridge walls and
other structures, the contact face between the carrier door
and a prior art LP door opener creates an area of high gas
flow resistance wherein an effective flow cannot be developed
across the volume to be purged to remove trapped air. By
disposing the inlet and outlet ports in the corners of the LP
door opener and creating openings into and out of the channel
around the perimeter of the substrate carrier door,
embodiments allow for the trapped air in the perimeter channel
to be purged along with the air in the volume between the
carrier door and the LP door opener.

[0023] In some embodiments, the openings into and out of the
channel are formed by removing selected portions of the ridge
walls on the contact face of the LP door opener to allow N:
flow into, through, and out of the perimeter channel.

Sections of the ridge walls are removed proximate to the purge
gas inlet port and proximate to one of the three exhaust gas
outlet ports located at a corner diagonally opposite of the
inlet port. Further, N, flow is partially directed toward the
ridge wall opening proximate the inlet port through the use of
a diverter structure. The diverter structure partially
surrounds the injection inlet port and creates an area of high

pressure that pushes the N: into regions to be purged.
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[0024] In operation, Nz flows around the perimeter of the
substrate carrier door, purging the air/oxygen, as the N, makes
its way to the low pressure exhaust outlet port. Embodiments
provide a balancing of the port sizes and openings in the
ridge walls, as well as the port locations, ridge wall opening
locations, and diverter structure locations and geometry to
optimize the purging of trapped gas in the minimum time using
the minimum amount of purge gas. The removal of this volume
of trapped air enables efficient and cost-effective
achievement of O, PPM concentration targets for ultra-high
purity N, environment applications. Note that what constitutes
an “ultra-high purity Nz environment” is dependent on the
operator and the volume of the EFEM environment in conjunction
with the size and shape of the substrate carrier used. For
example, ultra-high purity can be approximately 1 PPM to
approximately 3 PPM O; in some applications and less than 1 PPM
for others. The prior art alternative where any air that is
not purged is allowed to enter the EFEM’s Nz non-reactive
environment increases the O, concentration and contaminates the
environment. Because this 0O; becomes diluted by N; in a
relatively large volume, it will take an amount of time

approximately defined by the equation

Tpurge = (V/Q)*1n(Cinit/Ctina1)

where V represents the volume of the EFEM, Q represents the N
purge rate to rid the contamination, Cinit represents the
initial Oz PPM concentration, and Crinal represents the
resulting target 02 PPM concentration. From this relationship,
the benefit of using a relatively small amount of N; (before
the 02 is allowed into the EFEM) to purge the volume of trapped
air is clear. From the above equation, relatively large

amounts of Nz flow and time would be expended to rid the same
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volume of O; once it has been diluted in the much larger volume
of the EFEM.

[0025] Turning to FIG. 1, a block diagram of an example
electronic device processing system 100 according to some
embodiments is shown. The system 100 includes a substrate
processing tool 102 coupled to an EFEM 104. The EFEM 104 is
coupled to a backplane 106 of a load port 108. A docking tray
110 of the load port 108 is adapted to support a substrate
carrier 112 which can be opened by a door opener 114 of the
load port 108. FIG. 2 depicts an isometric view of the load
port 108 without a substrate carrier present. The contact
face of the door opener 114 can be seen facing the docking
tray 110 and framed by the backplane 106. FIG. 3 depicts an
isometric view of a substrate carrier 112 including a carrier
door 302 adapted to be docked against the door opener 114 of
FIG. 2. FIG. 4 depicts an isometric inside view of the
substrate carrier door 302 (without the remainder of the
substrate carrier 112) positioned against a cross-—-sectioned
(along line A——-A) portion of the load port door opener 114.
FIG. 5 is a magnified detailed cross—-section view of a portion
of the interface between the substrate carrier door 302 and
the door opener 114 taken along line A——A in FIG. 4. Note the
volumes such as (1) perimeter channel 502 and (2) the gap 508
between the carrier door 302 and the door opener 114 where air
(including 02) gets trapped when the substrate carrier 112 is
docked on the load port 108. Ridge wall 504 of the door opener
114 contacts the surface of the carrier door 302 forming the
volume (i.e., perimeter channel 502) defined by the carrier
door 302, the ridge wall 504, and the outer wall 506 of the
substrate carrier 112. Gap 508 is a volume defined by the
major surface of the door opener 114, the major surface of the
carrier door 302, and is surrounded on the edges by the ridge

wall 504.
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[0026] Turning now to FIGs. 6 and 7, detailed plan and
isometric views respectively of an example door opener 114 of
a load port 108 according to embodiments are depicted. The
door opener 114 is shown in contact with a substrate carrier
door 302. The door opener 114 includes a purge gas inlet port
602, and three exhaust gas outlet ports 604, 606, 608, each
port disposed in a different corner of the door opener 114.
The perimeter of the door opener 114 includes a ridge wall 504
that includes three openings 614, 616, 618. To facilitate
enhanced flow that effectively purges the air in the perimeter
channel 502 and between the major surface of the door opener
114 and the carrier door 302, the openings are located in
diagonally opposite corners as shown. A diverter structure
620 proximate to the purge gas inlet port 602 can be shaped
like a crescent or arc-shaped and disposed to direct flow
toward opening 614 in the ridge wall 504 so that gas is pushed
into the perimeter channel 502. Other shapes can be used.

The diverter structure 620 also helps improve the flow around
other structures on the door opener 114 such as carrier door
securing features 622, 624 and carrier door latch key
locations 626, 628.

[0027] FIGs. 8 and 9 are wire frame drawings corresponding to
FIGs. 6 and 7 respectively, and illustrating an example flow
pattern produced by the arrangement of ports 602, 604, 606,
608 and ridge wall openings 614, 616, 618. The multitude of
the arrows 802 represents gas flow. The effect of the
diverter structure 620 is illustrated by the flow from the
purge gas inlet port 602 through ridge wall opening 614 into
the perimeter channel 502. The gases are pushed into the
perimeter channel 502 by high pressure and pulled out of the
perimeter channel 502 by low pressure from the exhaust gas
outlet port 606 at the opposite corner of the door opener 114.
[0028] In some embodiments, the total volume to be purged

between the door opener 114 and the carrier door 302 is in the
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range of approximately 0.1 L to approximately 0.2 L. The rate
at which the purge gas (e.g., Nz2) i1s injected into the volume
via the purge gas inlet port 602 is in the range of
approximately 1.0 LPM to approximately 10.0 LPM. The rate of
flow out of each of the exhaust gas outlet ports 604, 606, 608
is in the range of approximately 0.1 LPM to approximately 10.0
LPM. 1In some embodiments, the time it takes to purge the
volume for a load port designed to accommodate substrate
carriers capable of holding 13 to 25 substrates is in the
range of approximately 5 seconds to approximately 1.5 minutes.
In some embodiments, the diameter of the purge gas inlet port
602 1is in the range of approximately 0.125 inches to
approximately 0.5 inches. In some embodiments, the size of
the openings in the ridge wall is in the range of
approximately 0.15 inches to approximately 2.0 inches. 1In
some embodiments, the width and depth of the perimeter channel
is in the range of approximately 0.1 inches to approximately
1.5 inches. Other rates, sizes, dimensions, times, and wvalues
are possible.

[0029] Turning now to FIG. 10, a flowchart depicting an
example method 1000 of purging a volume between a load port
door opener and a substrate carrier door is depicted. A load
port including a door opener with a purge gas inlet port, at
least one exhaust outlet port, a diverter structure, and a
ridge wall defining a perimeter channel in cooperation with a
docked substrate carrier is provided wherein the ridge wall
includes openings proximate the ports (1002). Dock a
substrate carrier against the door opener, entrapping air in a
volume there between including the perimeter channel (1004).
Purge gas (e.g., N2) is then injected into the volume wvia the
purge gas inlet port (1006). The purge gas is directed into
the perimeter channel via the opening in the ridge wall

proximate the purge gas inlet port by the diverter structure

10
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(1008) . The air and purge gas are exhausted out of the volume
via the at least one exhaust outlet port (1010).

[0030] The following example calculation is provided to
illustrate the benefit of embodiments of the disclosed system
over prior art methods and apparatus. Consider a system with
three load ports, each with a 0.13 L volume of trapped air to
be purged from between the load port door opener and a
substrate carrier door. The example system includes an EFEM

with a volume of 1700 L.

EFEM volume:

P s TY O w FRATY ol Toted moles
3 @&m\ N
Trapped air volume:
¥ _spaee = AR
IONCITRY PR %
SONIEY svaoe) e ! e e . e
B, o SUSRSEET Caann 187 et Holes o 22 In I vnmagesd wolemes of 3
IPES - PG
Rﬁ*&ﬁ&
e Rspase PR effect of O foam unpurgad
}‘.’*g.‘?%k‘v{t'i“ _‘mﬁmsgas& 0% mmmeeeiiasssseeees Rl R0 R

[RRCE

Using the prior art method of handling O, contamination by
purging out the entire EFEM volume after letting the trapped
air seep into the EFEM, to reduce the 47.947 PPM of O from the
EFEM volume down to 10 PPM, either 150 LPM of N2 can be
injected for 0.3 hours, for example, which is 2700 L of N2, or
1000 LPM can be injected for 0.05 hours which is 3000 L of Ns.
The relationship between flow rate and time to purge the
example EFEM volume is depicted in graph 1100 of FIG. 11.

Even assuming perfect diffusion, the wvariation of purge rate

11
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and time is affected by a logarithmic relationship. However,
the diffusion is not going to be perfect, so the above
calculations and graph 1100 represent best case consumption
scenarios.

[0031] Next consider using the methods and apparatus of
embodiments disclosed herein. To remove 0.13 L of air from
between each of three substrate carrier doors and carrier door
openers of three load ports, only 5 LPM of Nz is injected into
each concurrently for 0.005 hours which is only 1.5 L of Nz for
each load port. The trapped volume of 0.13 L is at a 209,000
PPM O, starting concentration (which is the 02 concentration in
standard ATM air). The relationship between flow rate and
time to purge the example trapped volume of air is depicted in
graph 1200 of FIG. 12. Thus, to eliminate the same volume of
oxygen using the methods and apparatus of the present
embodiments, a fraction of the time is used and the cost is
99.95% less by purging before the 02 is allowed to seep into
the EFEM.

[0032] Numerous embodiments are described in this disclosure,
and are presented for illustrative purposes only. The
described embodiments are not, and are not intended to be,
limiting in any sense. The presently disclosed embodiments are
widely applicable to numerous other embodiments, as is readily
apparent from the disclosure. One of ordinary skill in the art
will recognize that the disclosed embodiments may be practiced
with various modifications and alterations, such as
structural, logical, software, and electrical modifications.
Although particular features of the disclosed embodiments may
be described with reference to one or more particular
embodiments and/or drawings, it should be understood that such
features are not limited to usage in the one or more
particular embodiments or drawings with reference to which

they are described, unless expressly specified otherwise.

12
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[0033] The present disclosure is neither a literal
description of all embodiments nor a listing of features of
the embodiments that must be present in all embodiments.

The present disclosure provides, to one of ordinary skill in
the art, an enabling description of several embodiments. Some
0of these embodiments may not be claimed in the present
application, but may nevertheless be claimed in one or more
continuing applications that claim the benefit of priority of
the present application.

[0034] The foregoing description discloses only example
embodiments. Modifications of the above-disclosed apparatus,
systems and methods which fall within the scope of the claims
will be readily apparent to those of ordinary skill in the
art. Accordingly, while the embodiments have been disclosed
in connection with examples thereof, it should be understood
that other embodiments may fall within the intended spirit and

scope, as defined by the following claims.

13
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CLAIMS

WHAT IS CLAIMED IS:

1. A load port system, comprising:

a docking tray adapted to receive a substrate carrier
including a carrier door;

a door opener adjacent the docking tray and adapted to
couple to the carrier door and to open the carrier door,
wherein the door opener includes:

a purge gas inlet port;

at least one exhaust outlet port, and

a ridge wall defining a perimeter channel in
cooperation with a docked substrate carrier, wherein the ridge

wall includes openings proximate the ports.

2. The load port system of claim 1 wherein the door opener
further includes a diverter structure disposed to direct purge
gas from the purge gas inlet port to at least one of the

openings in the ridge wall.

3. The load port system of claim 2 wherein the diverter

structure is a crescent shape.

4. The load port system of claim 2 wherein the diverter
structure, the purge gas inlet port, the at least one exhaust
outlet port, and the openings in the ridge wall are positioned

and sized to create a flow through the perimeter channel.

5. The load port system of claim 1 wherein the door opener

includes three exhaust outlet ports.

14
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6. The load port system of claim 5 wherein the purge gas
inlet port and the three exhaust outlet ports are each in a

different corner of the door opener.

7. The load port system of claim 1 wherein the purge gas
inlet port and the exhaust outlet port are disposed in

diagonally opposite corners of the door opener.

3. A load port door opener, comprising:

a purge gas inlet port;

at least one exhaust outlet port, and

a ridge wall defining a perimeter channel when coupled
to a substrate carrier, wherein the ridge wall includes

openings proximate the ports.

9. The load port door opener of claim 8 wherein the load port
door opener further includes a diverter structure disposed to
direct purge gas from the purge gas inlet port to at least one

of the openings in the ridge wall.

10. The load port door opener of claim 9 wherein the diverter

structure is a crescent shape.

11. The load port door opener of claim 9 wherein the diverter
structure, the purge gas inlet port, the at least one exhaust
outlet port, and the openings in the ridge wall are positioned

and sized to create a flow through the perimeter channel.

12. The load port door opener of claim 8 wherein the load

port door opener includes three exhaust outlet ports.

13. The load port door opener of claim 12 wherein the purge
gas inlet port and the three exhaust outlet ports are each in

a different corner of the load port door opener.

15
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14. The load port door opener of claim 8 wherein the purge
gas inlet port and the exhaust outlet port are disposed in

diagonally opposite corners of the load port door opener.

15. A method of purging a volume between a load port door
opener and a substrate carrier door, the method comprising:

providing a load port including a door opener with a purge
gas inlet port, at least one exhaust outlet port, and a ridge
wall defining a perimeter channel in cooperation with a docked
substrate carrier, the ridge wall having openings proximate
the ports;

docking a substrate carrier against the door opener,
entrapping air in a volume there between including the
perimeter channel;

injecting purge gas into the volume via the purge gas
inlet port;

directing the purge gas into the perimeter channel via an
opening in the ridge wall proximate the purge gas inlet port;
and

exhausting the air and the purge gas out of the volume via

the at least one exhaust outlet port.

16
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