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CROSS-REFERENCE TO RELATED APPLICATIONS
0001 This application is a non-provisicnal cof and claims
the benefit of United States provisional patent number
62/861,543, file on June 14, 2018, the disclosure of which is
incorporated herein in its entirety.
BACKGROUND

1. Field

(0002] The exemplary embodiments generally relate to
controlled atmosphere environments and, more particularly, to

increasing throughput in those environments.

2. Brief Description of Related Developments

r0003] Increased efficiencies are sought in the production of
electronics, and particularly in the production of semiconductor
devices that form an ever increasing part of the electronics.
Generally, semiconductor substrate processing systems include a
transfer chamber to which processing modules and an atmospheric
interface are coupled. To increase the efficiency (e.g., *to
extend roduction time between maintenance) a tren in
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serviceable parts that are introduced into the processing

modules. The use of these serviceable parts may increase o1
prolong a time between extensive maintenance procedures of at
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module. The support structure for the semiconductor substrate
within the substrate holding location and throughout the
semiconductor processing systems is specifically configured for
a predetermined shape and size of the semiconductor substrate to
be held thereby and processed by the processing modules coupled
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module to insert the consumable materials). Breaking the vacuun

of the semiconductor substrate processing systems leads to
increased downtime and maintenance c¢osts of tThe semiconductor
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substrate processing systems associated with at least the

L(‘

pumping and venting {e.g., cycling of the iInternal atmosphers)
of the semiconductor substrate processing systems. Breaking the

-

n ; h 5> increases
the downtime and maintenance costs A series of substrates will
N J B 1 B -1 b - - B - a4 ) E o ~ i LA,
need to be run though and tested to verify the process 18

working as it did Dbefore the wvacuum o©of the semiconductor
/st

substrate processing system was broken.

BRIEF DESCRIPTION OF THE DRAWINGS

i0005] The foregoing aspects and other features of the

disclosed embodiment are explained in the following description,

taken in connection with the accompanyving drawings, wherein:

00067 Figs. 1A-1F are schematic 1llustrations of exemplary

process apparatus incorporating aspects of the present
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(00097 Figs. 3C and 3D are schematic illustrations of
porticns of the chamber of Figs. 3A and 3B in accordance with
aspects of the present disclosure;

00107 Fig. 4 is a schematic illustration of the chamber of
Figs. 32A and 3B 1in accordance with aspects of the present
disclosure;

f0011] Figs. 5HA-5F are schematic illustrations of portions of
the chamber of Figs. 3A and 3B in accordance with aspects of the
present disclosure;

(0012] Figs. 6A-oF are schematic illustrations of portions of
the chamber of Figs. 3A and 3B in accordance with aspects of the
present disclosure;

(0012] Fig. 7 is a schematic illustration of the chamber of
Figs. 3A and 3B 1in accordance with aspects of the resent
disclosure:

f0014] Figs. 8A-8C are schematic illustrations of pcrticns of
the chamber of Figs, 3A and 3B in accordance with asgects of the
present disclosure;

00157 Figs. SA and 9B are schematic illustrations of
portions of the chamber of Figs. 3A and 3B in accordance with
aspects of the present disclosur

[0016] Figs. 10A-10C are schematic illustrations of portions
0of the chamber of Figs. 3A and 3B in accordance with aspects of
the present disclosure;
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the present disclosure;

are

3A

PCT/US2020/037788

schematic iliustrations of portions

E)
i

and 3B in accordance with aspects of

0018} Fig. 12 1is a schematic illustration of a portion of
the chamber of Figs. 3A and 3B in accordance with aspects of the
present disclosure;

[0019] Fig. 13 is a Dblock diagram of a portion of the 1c¢l
chamber of Figs. 3A and 3B in accordance with aspects of the

present

[0020] Fig. 14 is a
with aspects of the prese

-

method accordance

o

chematic illustration of a portion of
and 3B in accordance aspects of the

DETAILED DESCRIPTION
10022] Figs. 1A~1F illustrate exemplary semiconductor
substrate processing systems/apparatus in accordance with
aspects of the present disclosure. Although the aspects of the
present disclosure will be described with reference to the
drawings, 1t should be understood that the asgpects of the
present disclosure can be embodied in many forms. In addition,
any suitable size, shape or type of elements or materials could
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to introduce and/or change temporal features and/or structures

such as to introduce non-production materials (which may have a
different physical form factocr, 1.e., shape, size, welight, etc
than a semiconductor substrate) into a semiconductor substrate
processing  system substantially without breaking a vacuum

atmosphere of a wvacuum back end of the semiconductor substrate
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the non-production materials during short interval process
periodic maintenance (e.g., when minor maintenance is performed)

of the semiconductor substrate processing system.

(0024 It 1s noted that while the aspects of the present
disclosure are described herein with respect to a load lock, the

u

within  the semiconductor processing system, a load lock
dedlcated to the introduction and removal of non-production
material to/from the semiconductor processing system, and/or tc

a vacuum or atmospheric transport chamber.

[0025] Referring to Figs. 1A and 1B, a substrate processing

apparatus 11080 {also referr

c
application employing robotic manipulators. In this example the

1
to any suitable tool station such as, for example, a linear tool
s

staticon such as that shown in Figs. 1C and 1D and described in

<

United States Patent No., 8,398, 355, entitled “Linearly

[ep]

Distributed emiconductor Workpiece Processing Tool,
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tool standard (BOLTS) interfaces that conform to SEMI standards
E15.1, E47.1, E62, E1%.5 or £E1.9 for 300 mm load ports, front
opening or bottom opening boxes/pods and cassettes. In other
aspects, the load port modules 11005 may be configured as 200 mm
substrate interfaces or 450 mm substrate interfaces or any other
suitable substrate interfaces such as for example larger or

[Fo BRSNS
i
J__A.CLL

du

©

ort modules

pranel displavys.

B
&L

"

in g. A, in

other aspects any sultable number of load port modules 11005 may
be incorporated intco the atmospheric front end 11000, The load
port modules 11005 may be configured to recelive substrate
carriers or cassettes 11050 from an overhead transport system,
automatic guided wvehicles, person guided wvehicles, rail guided
vehicles or from any other suitable transport method. The load
port modules 11000 may interface with the mini-environment 11060
through load ports 11040, In one aspect the load ports 11040
2llow the passage of substrates between the substrate cassettes
11050 and the mini-environment 11060.

[0029] In one aspect, the mini-environment 11060 generally
includes any sulitable substrat fLransport apparatus 11013 that

incorporates one or nore 2cts f the discliocsed embodiment
described Therein. In one aspect the substrate transport
apparatus 11013 may be a track mounted robot such as that
described in, for examplie, United States Patent 6,002,840, the
disclilosure of which 1is incorporated by reference herein in its
entirety or in other aspects, any other suitable substrate
fLransport apparatus 11013 having any suitable configuration.
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such as ion implantation, metrology, rapid thermal processing
(RTP}, dry strip atomic layer depositiocon (Al

L
oxidation/diffusion, forming of nitrides, wvacuum lithography,

M

plitaxzy (EPI), wire bonder and evaporation or other thin film

processes that use vacuum pressures. The p
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and vice versa. Iin one aspect the
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the wvacuum back end 11020 so that a casset

(e.g. 1n one aspect at least the mini-environment 11060 is

11010y with a wvacuum environment of the transfer chamber 1

the processing vacuum and/or vacuum environment extends between
and 1is commen between the processing station 11030 and the
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atmospheric front end 11000 and the wvacuum back end 11020 with

the interior transport path 11998 extending through the load
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010. For example, the wvacuum lcad lock 11010 may be

and the wvacuum back end 11020, It is noted that the term wvacuum

as used herein may denote a high wvacuum such as 107 Torr oz
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N
]

pelow 1n which the substrates are processed. The 1load 1lock

0 from the atmospheric front end 11000, an intermediate

entry 11895 (see Figs. 1A, 4A, and 7) with an opening 666, 667
shunting the interior transport path 1195 to the exterior

tmospheric front end 11000 (e.g., providin

a
an entry/exit to the substrate proce:

I . . e
ssing apparatus between the

is separate Irom substrate entry opening(s) of the atmospheric
front end 11000}. The vacuum load lock 11010 generally includes

atmospheric and wvacuum slot valve

93]
[OV)
e
165]
»
(0]
-
®
(o]

; Fig. 3Cj.
The slot walves 307 may provide the environmental isolation
employed to evacuate the load lock 1101 after loading a
substrate frcom the atmcspheric front end 11000 and to maintain

ort chamber 11025 when venting the load
lock 11010 with an inert gas such as nitrogen. In one aspect,
ock 11010 includes an aligner 11011 for aligning a
fiducial of the substrate to a de
In c¢ther aspects, the vacuum load lock 11010 may be located in

any sultable location of the substrate processing apparatus

1080 and have any suitable configuration and/or metrology

00321 Az will Dbe described herein, th

h
present disclosure provide for an interchangeable transport
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apparatus and without substantial disassembly. The selectable

at least one transport carrier cassette 401, carrving one of the

{

different non-production workpiece process components, through

the intermediate entry 11895 opening 666, ©67 into the load lock

(00331 Referring now to Fig. 1C, a schematic plan view of a
n where a tool

interface section 2012 (which in this aspect mav be conficgured

as a load lock substantially similar to those described herein)
is mounted to a transport chamber module 3018 so that the tool
interface section 2012 1s facing generally towards (e.qg.

transport chamber module 3018. The transport chamber modu
3018 may be extended in any suital e

other transport chamber modules 3018A, 30181, 3018J to

interfaces 2058, 2060, 2070 as described in United States Patent
No. ; 398,355, previously incorporated herein by reference.

transporting substrates 3 throughout  the linear substrate

processing system 2010 and into and out of, for example,

processing modules PM (which 1n one aspect are substantially

similar to processing stations 11030 described above}. As may
be realized, each transport chamber mcdule 3018, 3018A, 301871,

[
o
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a metrology chamber, a load lock chamber, an

an aligner station, a buffer station, or any
substrate holding area whose atmosphere may
isolated {(e.g., lock chamber) from >ther po

inspection

PCT/US2020/037788

processing apparatus} and substrate stations forming the linear
transport chamber 416 shown in Fig. 1D is merely exemplary, and
in other aspects the transport chamber may have more or fewer
modules disposed in any desired modular arrangement. In the
aspect shown, substrate entry/exit station 412 may be a load
lock. In other aspects, a load lock module may be located

between the end entry/exit station {similar to substrate
entry/exit station 412) or the adjoining transport chamber
module (similar to module 18i) may be configured to operate as a
load lock.

[0035] As alsc noted before, ftransport chamber modules 18R,
18i have one or more corresponding substrate transport apparatus
26B, 26i, which may include one or more aspects of the disclosed
embodiment described herein, located therein. The substrate
transport apparatus 26B, 261 of the respective transport chamber

modules  18B, 18i may cooperate to provide the linearly
distributed substrate transport system 1in the linear transport
chamber 416. In this aspect, the substrate transport apparatus
26B, 26i (which may Dbe substantially similar to the substrate
transport apparatus 11013, 11014 of the ciluster tool illiustrated
in Figs. 1A and 1B} may have a general SCARA arm configuration
(though 1in other aspects the substrate transport apparatus nmay
have any other desired arrangement such as, Cor  example, a
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linearly sliding arm 214 as shown in Fig. 2B or cother suitabkle
arms havin any suitable arm linkage mechanisms. Sulitable
examples of arm linkage mechanisms can be found in, for example,
United States patent numbers 7,578,649 issued August 25, 2009,
;794,487 issued August 18, 1598, 7,946,800 issued May 24, 2011,
6,485,250 issued November 26, 2002, 7,891

22, 2011, 8,419,341 issued April 16, 2013 and United States
patent application numbers 13/293,717 entitled “Dual Arm Robot”
and filed on November 10, 2011 and 13/86

Vacuum Rokot with 72 Motion and Articulated Arm” and filed on
September 5, 201 the disclosures of which are all incorporated

by reference herein in their entireties.

[0036] In aspects of the disclosed embodiment, the at least
one substrate transport apparatus may have a general
configuration known as SCARA (selective compliant articu ed
robot arm) type design, which includes an upper arm, a forearm
and an end-effector, or from a telescoping arm or any other
suitable arm design. In one aspect, tThe arm may have a band-

ocop configuration, or any

ration as will be described further bkelow.

United States vpatent application umber 12/117,4

¢ ¥ le Movable Arms
Jtilizing a Mechanical Switch Mechanism” filed on May 8, 2008

18
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arm link

i s
its corresponding support joint).
aspect the chambers/substrate

{(substantially similar to those

between tr
processi

metrology station(s)
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s seen in Fig. 1D, in this
stations 50A, 56, 301
cribed herein) may be located

ber modules 18B, 181 and may
s, doad lock{sy LL, Dbuffer

other desired station(s)

as noted herein. For example the interstitial modules, such as
chambers 56A, 56 and ubstrate station 30i, may each have
stationary substrate supports/shelves 5651, 5652, 3081, 3082
that may cooperate with the substrate transport apparatus to
effect transport or substrates through the length of the linear
transport chamber 416 along longitudinal axis LXB of the linear
transport chamber 416.

[0039] By way of example, substrate(s) may be loaded into
the linear transport chamber 416 by tool interface section 12.
The substrate(s) may be positioned on the support({s) of chamber

transport arm 15

@]

interface section.

substrate{s}, in chamber 563A, may be moved between chamber 563
and chamber 56 by the substrate transport apparatus 268 1in
medule 18R, and IiIn a similar and consecutive manner between
chamber 56 and substrate station 30i (which may be a load lock)
with substrate transport apparatus 2631 (in module 18i) and
between substrate station 301 and substrate entry/exit station
4172 with substrate transport apparatus 261 in module 181, This
process may be reversed In whole or in part to move the
substrate (s} in the opposite direction. Thus, 1in one aspect,
21
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substrates may be moved 1n any direction along longitudinal axis
I1XB and to any position along the linear transport chamber 416
and may be loaded to and unloaded from any desired module
{(processing or otherwise) communicating with the linear

transport chamber 41¢. In other aspects, interstitial transport
chamber modules with static substrate supports or shelves may

not be provided between transport chamber modules 18B, 18i. In

modules may pass off substrates directly from end effector or

one transport arm to end effector of another transport arm to
4

C
move the substrate through the linear transport chamber

(00401 The processing station mnmodules may operate on the

of processes to form lectrical circuitry or other desired

processing stations and vice versa. A suitable example of =&
processing tool with similar general features to the processing
apparatus depicted in Fig. 1D is described in U.S. Patent No.

8,388,355, previously incorporated by reference in its entirety.
f0041] Fig. 18 is schematic illustration f a substrate

a
processing apparatus 1109%0A which may be substantially similar

to the semiconductor tool stations described above, Here, the
substrate processing apparatus 11090A includes separate/distinct

0
to a common atmospheric front end 11000. “ach of the processin
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T
030 (e.g., forming a vacuum back end 11020} and a load lock
1

bstrate

1
1
this aspect, at least one of the in-line processing sections
10308A, 110308B, 110303C is configured to process a s
1

u
;, S$2, S3 that has a different predetermined characteristic

than the substrates processed in the other in-line processing
sections 11030s 1103058, 110305C., For example the

“

one aspect, Oor exXemplary purgoses only, in-line processing
section 110308A may be configured to process 200 mm diameter
substrates, in-line processing section 11030SB may be configured
0 mm  substrates, and in-line processing se

110305C may be configured to process 300 mm substrates. In one
pect, at least one of the substrate transport apparatus 1

014 is configured to transport the different sized substrates

S1, 352, 53 with a common

ot
iy
D
l,__.l
@]
1}
O
o)
@)
=
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Q
G
[___x
=
3
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=
Q '
L<‘| N
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Q.
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which hold different size substrates 351, S22, S3. In other

least one common substrate transport apparatus 11013, 11014 may

23
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i0G42] Fig. 1F 1s a schematic illustration of a substrate
rocessi apparatus 11090B substantially similar to substrate
processing apparatus 11090. However, in this aspect, the

es 11030 and load port modules 11005 are configured

Lo process substrates having different sizes as described above

with respect to substrate processing apparatus 11090A. In this
t

aspect,

substrates having different sizes or in other aspects, process

substrates being processed in the substrate processing apparatus
11090R.

(00431 Referring to Figs. 3A and 3B, an exemplary chamber
such as load lock 300 is illustrated in accordance with aspects
of the present disclosure. The wvacuum load lock 300 (referred

to herein as a “load lock” for convenience} may be similar to
those described above with respect to Figs. 1A-1F and provide

for the introduction ¢f temporal structures and/or features such

processing system(s) such as those described above with respect
Lo Figs. 1A-1F substantially wlthout breaking a vacuum
atmosphere of the wvacuum back en 301 of the semiconductor
substrate processing system. The load lock 300 may be located

envirconment/atmospheric front end) 302; while in other aspects,
the load lock 300 may be located at any suitable location o
substrate processing systems described herein. The load lock

300 includes one or more substrate holding chambers 305. In the
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(00477 As may be realized, the load

n
between tocl sections linked by the load loc

5
1
L

aspects the load lock 300 is a communication modul
i

e serving as
an entry or exit for an adjacent tool section (see e.g., Fig. 1A
1

ek 300 may e coupled to a facet of the

]

o
transport chamber 11025 (e.g., the load lock 300 having at least

a slot wvalve for coup

H
]
Q
et
o]
ol

nd providing passage to and from

ordingly, the height of the
ed toe a height of adjoining sections
e processing system/tool, and may be

] o . SRR | T eny e de — - - - i~y S e N W, £ P | v e qpm oy e
dependent on such factors as the =z axis travel of substrate

transport apparatus in the adjcining module (responsible for
throughput via the load lock module and which 1in turn may be

-
)]

consideration of the module). As may be realized, providing the

load lock 300 with a larger height than the availab

0of the transport apparatus, may result in an unstable load lock
d

volume increasing pump down/vent times. Similarly, providi
iia A i

features f the substrate holding chamber(s} 305 o the load

£

lock 300, result in a configuration with a height that enables a
stack of substrate holding chambers 305A, 305B to bpbe defined
within the load lock 300. As noted before, and shown in Figs.

3A-3C, in the aspects of the present disclosure two substrate

N
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holding chambers 305A, 3050B are formed in stacked arrangement 1in
the load 1ock 300, though in other aspects the substrate holding

chamber stack in the unitary load lock 200 may include more (or

less}) substrate holding chambers, such as three or more. As may

be realized, providing multiple independent substrate holding

chambers 305A, 3050B, within the compact space envelope of the
1

common  load lock 300, generates mu

having a single substrate holding chamber serving a front

end module and a back end of a substrate processin system/tool
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k 300y, with a

commensurate increase in throughput of the load lock 300. In
aspects of the present disclosure each substrate holding chamber
3054, 305B may be generally similar to each other. In one

aspect the substrate holding cham
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opposite hand configurations along the mid-plane separating the
substrate holding chambers. In other aspects, the substrate

holding chambers may be different, such as to handle different
sizes and or types of substrates. In the aspects of the present
disclosure, each of the substrate holding chambers 305A, 305B

the substrate holding chambers 3052, 305B may be capable of
holding one or more stacked substrates as desired.

10048] Referring to Figs. 3A and 3B, in the aspects of the
present disclosure, each substrate holding chamber 305A, 305B
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33A, 333B and vent
valves 334A, 334B (such as with or without a diffuser) enabling
independent cycling of the respective chamber atmospheres. The
1 wvalves 333A, 333BR and the vent valves 334A, 334B

may be arranged in modules that may be interchangeable with each

8,272,825, previously incorporated herein by reference. Any
suitable gauges 3354, 335B may be coupled to a respective
substrate holding chamber 3024, 305B for sensing & pressure of
the atmosphere within the respective substrate holding chamber

305A, 305B. Referring also to Fig. 5C, the frame section 30 of
the load lock 3200 may have vacuum ports 500R and vent ports 500V
formed therein for the zrespective substrate holding chambers
305A, 305B. The arrangement of the wvacuum ports 5S00R and vent

ports 500V shown in Figs. 3A, 3B and 5C are exemplary, and 1in

other aspects The wvacuum and vent ports may have any other

£

be located on another side of the frame section 30; while in

other aspects, the vacuum ports and vent ports may be located on
a common (i.e., the same} side of the frame section 30. As

iliustrated in, e.g., Figs. 3A and 3B, the wvacuum ports 500
S500VB may be vertically offset from one ancther; while in other
aspect, the wvacuum ports 500VA, 500VB may be vertically in-1
with each other or have any other suitable spatia
with each other. Similariy, the vent ports 500RA, 5S00RB
vertically offset from one anocther; while in other aspect, the

vent ports 500RA, 500RB may be wvertical

}._l
I\(\:
‘,_
]
I
}._l
‘,_
]
0]
=
N
o
—
®
&
O

Y

[o9)



WO 2020/252476 PCT/US2020/037788

other or have any other sultable spatial relationship with each

modular arrangement, enabling the locad lock to be built ocut in

installing desired
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ach of the wvacuum ports 500VA, 500VA and
1

that surrounds the respective port) to facilitate connection of
a desired wvacuum control valve 333A, 333B and/or a desired vent

n
interfaces 501, 502 {mating interfaces for the wvacuum ports 5H00R

are substantially similar), for the respective ports may Dbe
configured fto have a substantially similar mating arrangement

(e.g. mappin flanges, sealing surfaces, bolting patter
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allowing any valve with

with the mating interface of either port. By way of example, as
seen bpbest in Fig. 3A, the wvent wvalves 334A, 334B may be

to the wvent port interface of either substrate holding chamber
ar toc that describe in ited

8,272,825, previcusly incorporated herein
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by reference 1in 1its entirety. Similarly, By way of example, as
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seen best in Fig. 3B, the vacuum control valves 333A, 333B may
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between at least two modules of the substrate processing systen
for transferring the substrates between the at least two
odules, a lecad lock that is dedicated to the introduction and
removal e non-production materials, and/or a vacuum oY
atmospheric transport chamber (all of which are included in the
expression “substrate holding location” used herein}, where one
or more transport carrier cassettes 401A-401n (the suffix “n”
signifying any suitable integer that defines an upper limit on
the number of transport carrier cassettes) are introduced and
removed from the substrate hoelding location in a manner
substantially similar to that describe herein through any
suitable closable/sealable opening(s) 666, 667 (see Figs. 4, 5C,
6k, 6F, and 7} of the locad lock 300.
f0054] Referring to Figs. 5D, 6A, 6B, 6E, and 6F, one or more
of the openings 666, 667 may be sealed by a respective removable
closure 3ZR 34R that may be entirely removed from the Iframe
section 30 of the load lock 300. The removable closure 32R, 34R
may have any suitable shape and size s0 as to engage the frame
section 30 of he load lock 300 around a vperiphery of a
respective opening 666, 667 {(e.g., the rem ble closure extends
past a perighery of the respective opening 666, 067 so as to
engage/couple with the frame section 30 of the load lock 300).
Any suiltable seal 698 may be disposed around a periphery of the
respective opening 666, 667 so that the seal 698 1s compressed
between the frame section 30 and the ren ble closure 32R, 34R
so as to seal the respective opening 666, 667 The removable
closure 32R, 24R may have one or more handles 32H, 34H

[o9)

~J
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32HA, 34HA (see Fig. 3B) configured ({e.g., with suitabkle
kinematic/locating feature) to engage a robotic handler in a
positionally repeatable manner.

f0057] Referring to Figs. 34, 3B, 4, and bHA~5F, each of the
hinged c¢losures 332G, 34G are pivotally coupled to the frame
section 30 with respective hinge assembly 350, In one aspect,
referring to Figs. 3A and 3B, the hinge assembly 350 includes a
first hinge member 351, a second hinge member 352, at least one
hinge pin 353, and at least one stop 354. The first hinge
member 351 and fthe second hinge member 352 are coupled to the
frame section 30 of the lcad lock 300 in any suitable manner
(e.g., by suitable chemical and/or mechanical fasteners,
welding, etc.). In one aspect, the first hinge member 351 and
the second hinge member 352 mayv be integrally formed with the
frame section 30. In the aspect shown in the figures, the first
hinge member 351 and the second hinge member 332 are spaced from
each other so at least a portion of the respective hinged
closure 32G, 34G is disposed between the first hinge member 351
and the second hinge member 352, where the at least one hinge
pin 353 extends from the hinged c¢losure 32G, 34G into an
elongated slot 355 of a respective one of the first hinge member
251 and the second hinge member 352; however, in other aspects
the first and second hinge members 351, 352 and the hinged
closures 32G, 34G may have any suitable configuration that forms

a hinged coupling between the first and second hinge members
351, 352 and the respective hinged closure 32G, 34G. At least
one of the first hinge member 351 and the second hinge member
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of the at least one stop 354. Here the at least one stop 354 is

configured as a pin that protrudes from a surface of the hinged

open position. It 1s noted that the open position of the hinged
closure 32G, 34G positions the hinged closure 32G, 34G relative

unhindered ingress and egress of the transport carrier cassette

401 into and out of a respective substrate holding chamber 305A,
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In one aspect, the hinge assembly 350 may provide about a
90° rotation (given manufacturing tolerance buildup of hinge
components}) of the hinged closure 32G, 34G about a respective

hinge axis 570; while 1in other aspects the hinge assembly 350
may provide more or less than about 90° rotation of the hinged

closure 326G, 34G about the respective hinge axis 570,

[005¢8] Referring to Figs. 3A, 3B, and 4, in this aspect, to
open the hinged closure 32G, 334G, a user grasps the handle 32H

or automated equipment engages the automation interface 3ZHA and

e e
381 zbout hinge axis 3270. The hinged closure 32G, 346G may move

in direction 382 sc that the at least one stop 354 enters the

- 2E L ' e R P TN ~n - 3 PO T

recess 356 and is seated within he recess 356 to hold the
TN evqqam ol 1 I O ~ 4 4 TN N T 4 i 1

hinged closure 35G, 34G in the open position shown in Fig. 4.
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xS

To close the hinged closure 32G, 3¢

-~
1G, the

that the at least

o O
N

n

@)

34G may move 1in direction 3

S
exits the recess 356 so that the hinged closure 32G, 34CG may be

S

rotated in direction 381 about hinge axis 570 to a c¢losed
position {e.g., shown in Figs. 3A and Z2B). As may be realized,

0 may “float” (e.g., move} in direction 38

within the elongated slot 355 so that the at least one stop 354
enters and exits the recess 356. S may also be realized, the
recess 356 may be configured {2.g., such as with an “L” shaped

5
or any c¢ther suitable configuration} as shown in Figs. 3D and
so as to retain or otherwise prevent swin

closure 3

Farth’s gravitational force ({or any suitable bilasin

closure 3Z; but it should be understood that bottom closure 34
may have a substantially similar hinge assembly 566 unless
n this aspect, the first hinge member 551 and

second hinge member 552 are arranged relative to the respective

above, where at least one hinge pin 553 extends through the

respective hinged ¢
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555. In one aspect, any suitable bushing 561 may be provided

within the recess 555 where the hinge pin 5533 is inserted into
the bushing 561. In one aspect, the bushing 561 may be
constructed of any suitable material {(e.g., such as

hinge member 53Z may be coupled to the Iframe section 30 of the

lcad lock in any sulitable manner, such as by any suitable

mechanical or chemical fasteners. In one aspect, the first
hinge member 551 and the second hinge member 552 may be

551 and the second hinge member 552 may be coupled to the frame

between a bolt-head ottom and a respectlve one of the Ifilrst
hinge member 551 and  the second hinge  member 552 is
substantially egual to an amount of compression of any suitable

silient member 577 {e.g., such as an O-ring) disposed between

e
the respective one of the first hinge member 551 and the second

hinge member 552. The space SP and the resilient member 577
provide for compliant movement between the hinged closure 32G,

43
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~

34G and the frame section 30, such as when/during pumping and

) o

<
0]
et
|,_J
o

g (e.g., atmospheric cycliling} of the load lock 300.

(@]
[@»]
(@)
}__J
=

he

()

biasing assembly 567 includes a closure bracket
530, a frame bracket 531, and a blasing member 532, The closure
bracket 530 is coupled to a respective hinged closure 32G, 324G

in any suitable manner {e.g., such as with any suitable

other aspects tThe closure bracket 530 1is integrally formed with
the respective hinged closure 32G, 34G. The frame bracket 531
is coupled toc the frame section 30 in any suitable manner (e.g.,

welding, etc.}; while in other aspects the frame bracket £31 is
integrally formed with the frame section 30. The bilasing member

RS S L o , T o N PR, - “ -] O - 4 o o~ SEE
532 1is pivotally coupled at a one end 532E1 tc the closure

the frame bracket 531. The c¢losure bracket 530, the frame
bracket 531, and/or the biasing member 532 may be shaped and

3 3 P o 4- s gme o~ N o~
sized so as to provide about 90 rotation (as described abov

0of the hinged closure 32G, 34G about a respective hinge axis
570; while in other aspects the frame bracket 531, and/or the

bilasing member 532 may be shaped and sized so as to provide more
or less than about 9%90° rotation of the hinged closure 32G, 34G

out the respective hinge axis 570.

r0062] The biasing member 532 1is illustrated in the figures
as a linear biasing member; however, 1in other aspects any

suitable torsional Dbiasing member may be enployed. Here, the
g 1

blasing member 532 may be a gas sprin

or any other suitab
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N

linear pbiasing member such as a biased extension damper or a
blased compression damper. In one aspect, with respect to the
top closure 32, the biasing member 532 is configured so as to
reduce an amount of operator applied opening force that 1is
applied to the hinged closure 32G to open the hinged c¢l

32G. In other aspects, with respect to the top closure 32, the
biasing member 532 1s configured so as to open the h

closure 32G substantially without

5D, any suitable stop 520 may
30 that contacts, e.g., the closure Dbracket 530 to define the

open positicon or otherwise limit rotation of the hinged closure

326G relative to the frame section 30. The biasing mempber 532

- 4 - - 3 = o~ o 4= T 3 3 -
may also provide for controlled/dampe

n

o1
D
~
o
C
9
A
®
]
]
o
o
>
Hh
jny
®
o
b
—
=
Q
D
@]

closure 32G for closing the hinged closure 32G.
00631 In one aspect, with respect to the bottom closure 34,

+

0

the biasing member 532 is configured so as to reduce an amount

0of operator applied closing force that is applied to the hinged

closure 34G to close the hinged closure 34G. In other aspects,
with respect to the bottom closure 34, the biasing member 5

s
o
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without operator applied force. In one aspect, the biasing
member 532 may include an internal or external lock configured

to hold the hinged closure 34G in the open position; while in

lieu of or in addition forces applied by the biasing membe

2
n one aspect, as illustrated in Fig. 5D, any suitable stop 520
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secticon 30. The biasing member 532 may also provide for
controlled/dampene movement of the hinged c¢losure 34G for

4 - 3 I/ A Sy e
closure 345G, where the controlled/dampene

(0064} The hinged closure 32G, 34G may be coupled to the
frame section 30, for sealing/closing the regpective opening
6

o6, 667, in any suitable manner, such as Dby any suitabl

]

€

©

remcvable fasteners, <¢lips, snaps, etc. In one

8]
0
ot
jny
D

€,

15

I

e
hinged closure 32G, 334G may include thumb/knob screws 5

{see
Figs. 5A-5C) that are held captive on the hinged c¢losure 32G,
34G, where the thumb/knob screws 515 are configured to couple

N

frame secticn 30
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for sealing/closing the respective opening 666, 667.

[0065] Referring to Figs. 4, 8A-8C, %A, 9B, and 10A-10C, the
transport carrier cassette(s) 401 will be described in greater

u



WO 2020/252476 PCT/US2020/037788

one aspect, the <Lfransport carrier cassette{s)y 401
are configured to interchangeably modify a shelf geometry of the

T JaaN) 2 n ” o e b o~ = - PISRI
load lock 300 for semiconductor substrate production,

other sulitable production/maintenance procedure of the

onductor processing system/tool (examples of which include

=

1G]

c
shelf configurations for holding non-producticn materials

including, Dbut are not limited to, special substrates, process
chuck covers, end effectors, transport robot wrists,

teaching/setup fixtures/equipment inspection aquipment,
calibration wafers, measurement devices, transport chamber
related components such as slot/gate valve doors, and process
related components such as consumable rings, consumable ring

support plates, chucks, and shelves). The modification of the

maintenance or other non-production procedure. In oné aspect,

referring to Fig.

substrates}) where the transport carrier cassette(s) 401 may be
inserted within the load lock 300 (as described herein) to

ves 15000 (e.g., provide

ey

additional production substrate supports) or provide different
supports {for holding items other than production substrates).
n other aspects, as described herein, the load lock 300 could
00 and a transport

e supports could be inserted
f substrates. In stilil

other embodiments, the load lock 300 may ke configured with
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fixed supports/shelving 15000 to hold a non-production workpiece
and a transport carrier cassette 401 may be inserted into the

locad lock 300 (e.g., in addition to the fixed support shelves

interchangeable cassette frame 450 constructed of any suitabkle

materials, including but not limited to metals, plastics, and

ceramics. In some aspects, any suitable coating({s} are applied
tc tThe interchangeable cassette frame 450 to, for example
protect transport carrier cassette(s) 401 from corrogsive
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=
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h
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e
450 is shaped and sized so as to substantially conform with an
ig. 4y and may

interchangeably be inserted into either the top substrate

holding chamber 305B or the bottom substrate holding chamber

205A, as will be described herein, so tha
cassette frame 450 enters within the load lock 300 from the
exterior through the intermediate entry 11995 opening 666, 667.
As oted herein, the entry and removal of the interchangeable

r
11995 opening 666, 667 loads and unloads the load lock 300 with
h

lcck 3200, the interior transport path 1

1
iR, 1¢C, 1E, and 1F) coincident with the interchangeable

transport carrier cassette 401 lcocaded in the load lock 300. As
may be ealized and will be described, one or more of the

43
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temporal structures or features (e.g., consumables, shelves, end

unlcaded wvia lcading and unloading of the different ftransport
carrier cassettes 401 defines the transport path interface 455

(i.e., on or more of said features directly or indirectly

(00671 In one aspect, the transport carrier cassette 401 1is
configured for insertion into an operator carrier case oY box

467 that is configured to enclose and stably hold {(with any

h
n another aspect, the

be configured as a sealable

east one removable

4015C for placement of the sealable carrier 401SC into the load

lock 300 so that the interior transport path 11998 extends into

(e.g., such as with a sealable carrier 401SC having one door)

and/or through {e.g., such as with a sealable carrier 4015C

having more than one door) the opened sealable carrier 4013C.

D

The sealable carrier 4018C may be shaped and sized so as

to
substantially conform with an interior of the locad lock 300

.":r]

[N
Q0

o

(e.g., in a manner substantially similar to that show in
h respect to transport carrier cassette 401) and may
interchangeably Dbe inserted intce either the top substrate

holding chamber 305B o¢©r the bottom substrate holding chamber

isS
WO
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i0Gog] The transport «carrier cassette 40

carrier case 467, and the sealable carrier 4013C may have any

suitable features that allow for operator and/or automated
handling of the transport carrier cassette 401, the operator
carrier case 467, and the sealable carrier 401SC. For example,
referring to Figs. 8A-8C and 10A-10C the interchangeable

cassette frame 450 of the transport carrier cassette 401 may

include one or more cperator handles 850 that may be coupled to

>

3

or integrated intc the interchangezable cassette frame 450 1

b=t

any

e

C

suitable manner that facilitate transport of the <transport
carrier cassette 401 to and from the load lock 300. The
interchangeable cassette frame 450 may alsc include, in lieu of
or 1in addition to the operator handles 850, one or more

automation interface 851 configured to provide automated

h
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n
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MG

gripping/engagement o

automated equipment (e.g., robot arm, overhead transport, etc.)

A

the transgort carrier cassette 401 to and from the load lock

ey I

and/or automated transfer of the sealable carrier 4013C and the

300 or any suitable storage location. Referring to Fig. 4,
operator carrier case 467 may include any suitable coperator
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=

transport the transport path interface 455 to and from the
process apparatus {such as those described  herein) and

e R P o 3 A 5 - I 3 = - de e ey ~de ey e g .
repeatably position, on lcoading o the transport rarrier

7, the transport path interface 455
relative tTo the transport plane X1, X2 (see Fig. 3C} of the

interior transport path 11%%88 (see, e.g., Figs. 1B, 1C,
t

1
he interior transport path 11998 with

the transport path interface 455 at the repeatable position.
(00711 Referring to Figs. 4 and 132, as noted before, the
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component that 1s not a production workpiece and for convenience
will be referred to herein as the non-production workpiece
process component 1300. The process component that is not a

production workpiece can process productlion workpieces or handle

any other suitable items placed within or transferred through

-

the load lock 300, In one aspect, the non-production workpiece

in Figs. 10A-10C) conficgured toc hold production substrate(s) 5.
in another aspect, the non-production wWorh
component 1300 1is
shelf/shelves 1302 (an example of which is illustrated in Figs.

8A-8C) configured to hold any suitable non-production items,

ibration eguipment, and/or processing equipment. In
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secticn 30 o¢f the Iocad lock includes a mating portion g70MI1

(Figs. 6E and ©F - e.g., pin(s) or recessi{es)) of the

7
and 12 - e.g., pin{s) or vrecess{es)) of the deterministic
coupling €70 that deterministically couple the interchangeable
transport carrier cassette 101, 101A and the respective

different non-gproduc

ot
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the transport carrier cassette 401, 101A substantially
coincident with locading the transport carrier cassette 401, 401A
in the load lock 300. For example, the deterministic coupling
870 includes at least one pin 870P dependent from the

and %A} or the load lock 30 {(see Fig. 9B} and 1is confic

as to matingly engage within the load lock 300 a complementing
receptacle 870R (see Figs. 6E, 6F, and 9a) of the load lock 300
ca

ssette frame 450 (see Fig. 9B}. Here,

example, shown there are three pins but in other aspects there

may be two pins or more than three pins) in a deterministic pin
arrangement on the nterchangeable cassette frame 450 or the
lcad lock 300 {such as on the frame section 30} that 1is

positionally deterministic to the transport path interface 455

carried by the transport carrier cassette 401, 401A and effects

the repeatable position of the transport path interface 455.
The at least one pin 870P may be press/friction fit into the

interchangeable cassette frame 450 or frame secticn 30 of the
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(00701 Other suitable resilient member 88% may be disposed on
an opprosite surface of

t
rom the resilient members 888, where the other resilient

members 889 are disposed so as to be substantially in-line or

otherwise substantially concentric with the pins 8

|-

he
resiliient members 8388, The other resilient members 889 may be
OC-rings or other any other member that effects a seal between

two surfaces. The other resilient members 88Y% may seal a

between the interchangeable cassette frame 450 and the closure

N

part, causes compression of the resilient members 888 and
0 within the

fo—

!,__
]
o
]
]

)

1spect, as noted ab

o]
compliant movement of the hinged closure 32G, 34G, such as
when/during pumping and venting {e.g., atmospheric cycling} of
3

the load

(s
(]
=
)
~
h
o
b=
iy
¢t

ther compress the resilient members

888, 889

°

~
[ [

I}

"

oD

0077] Referring again to Figs. 4, B8A-¢ nd 0OA-10C, the

Al

terchangeable cassette frame 450 has supports 8230, 240 (e.g.,

e

¢t
o0
jo3]

s

h -
O

=

=2

o

¢t

I_._l

east 1n part a portion of the transport path
t

interface 455) connected thereto that in one or more aspects are

a
ot

he

tably hold at least the one of

»
n

arranged to engage anc
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production part 130> 1s detached from the plate 1110 upon
installation of the non-production part 1305 and the substrate
transport returns the late 1110 to the transport carrier
cassette 401A for removal of the plate 1110 from the process
apparatus with the transport carrier cassette 40

(0080] In the aspect, shown in Figs. 8A-8C, and 11A-11D, the
supports 830 of the transport carrier cassette 401A may also be
configured to stably hold substantially rectangular production
substrates RS (Figs. 8C and 11a) in a stacked arrangement
regardless of whether the transport carrier cassette 401a 1is
disposed within the ftop substrate holding chamber 305B or the
bottom substrate holding chamber 305A. Iin Fig. 8C the
substantially rectangular production substrates RS depicted by
solid lines illustrate substrate holding positicns with the
transport carrier cassette 401A located within the top substrate
holding chamber 3058 and the substantially rectangular
production substrates RS depicted by dashed lines illustrate
substrate holding positions with the transport carrier cassette
401A located within the bottom substrate holding chamber 305A.
Here the transport carrier cassette 401A is configured to hold
two rectangular production substrates but in other aspects the
transport carrier cassette 401A may be configured to hold less
than two or more than two rectangular production substrates. As
may ke realized, one oI the tfransport carrier cassettes 401A-
4011ln may be configured to hold two substantially rectangular
production substrates while another of the transport carrier

Y
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0 In 1is configured to hold a different number of
substantially rectangular production subst

(00311 Referring to Figs. 10A-10C, the transport carrier
cassette 4018 1s configured with a transport path interface 455

having supports 840 configured to support at least circular or

may be otherwise substantially similar to that described above
with respect to transport carrier cassette 401A, Here the

substrates S depicted in solid lines in Fig. 10C are shown in

located within the e | 3

S
bottom substrate holding chamber 205A.

82] As may be realized, the supports of the non-production
workpilece process component 1300 formed at least in part by the
path interface 455 conform to a shape of an item held

by the supports. As such, supports for supporting, e.9., 2a

respective transport chamber device component 1304 or a

cassette, such as transport carrier cassette 401C (Fig. 4)
configured for holding at least one transport device component
1306 may be configured to receive an end effector, that is

detached from a substrate transport, on one support of the
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the transport path interface 455 so that the substrate transport
may swap end effectors as desired. Similarly, a transport
carrier cassette, such as transport carrier cassette 401E (Fig.

4} configured for ho

n
another support of the transport path interface 455 so that

transport chamber devices may be replaced according to a

employed on a c¢ommon tTransport carrier cassette 401 so that

different 1items are held on/by a common transport carrier

00831 Referring again to Figs. 4, 8A-8C, and 10A~-10C the

=

transport carrier cassettes 401, 401A-401ln dillustrated in the

figures are configured

1
()
=
e
jon
¢t
.

1
O
=
4]
9]
¢t
.
O
]
83}
0
=
o2
48]
T
=
o))
¢t
0}
¢t
=
o))
]
0]

o]
]
[
¢t

Fry

For example, tThe fransport carrier cassettes 401, 401A-

401in are configured so0 that a substrate or other item held by
0

the transport carrier cassettes 401, 4
(e.g., enter on one side and exit on another side} the load lock

300 {and the transport carrier cassettes 401, 401A-40in).

I
other aspects, the tTransport carrier cassettes 401, 401A-401n

may be configured in any sulitable manner such that access 13

provided to the substrate or other item he by the transport

63
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(00857 The cne of the different temporal structure or

features, such as non-production workplilece process components

1300 may be swapped from the lock chamber 11010 by swapping the
i Y Iy

at least one interchangeable fransport carrier cassette 401 in
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workpiece therein 1is placed 1in the 1load 1lock to facilitate

periodic maintenance. A substrate transport removes the new
non-production workpiece from the transport carrier cassette 401

and swaps the new non-pro
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production workpiece in the process module 11030. The substrate
transport returns the used non-production workpiece to the
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transport carrier cassette 401, where the transpor carrier

e

401A-401N holding another new non-production workpiece that is
to replace a used non-production workpiece in another process
module 11030 in a manner similar to that Just described. The
replacement of the ftransport carrier cassette 401A-401N holding
new non-production workpiece continues until all of the used

non-production workpliece are replaced. A transport carrier
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cassette 401A-401N having production substrate supports may be

(o)
o



and
shelf

)2

op

]

5EB)

0

~
>

i3

<

PCT/US2020/037788
rate
3
a

.

asps
subst

o

chamber

some
be placed on

in
{see

ay

workpieces/
i

sed

3
sgtrates

¥

completed.

13
[

“d.j.rty” //11‘
/ s

4

kplieces

e
¥

tenance

e

T,
v

T
W

mai

WO 2020/252476

- T S e O N ) ~ oM et O ~ - O
\u, % JUV au M A ~ [ = R S T O B [0} O -~ o ° O T Q
- : - - SJT B! @ > T o S~ R B ¢ NI
o 30 H O 4+ (oY S LS = TR
< mq ﬂ m - o — 0 M < @ © T o

© g ( . K4 o> ! w. ] i © ) — i - e O E-4 =

o & © 8 8 " o © § 5 S o " 0L oo &

Hw oo L o i 0 o0 H o
~ O g R To RN ) S I O B e )
ORI ai o) %. T =M o > + o v 2 99 ¢ . W
noE 5 4 0 un = L o i - o =g 0 -~
) R o M0 © O H N ¢ 2 o
(o] © 4+ O - o Q Loy e [N O b L] P v s) )
voMm & o < 5w Do b g 7o o ¥
oo g @ 2 r G y ~ a5 e
T - a5 © Yy ®© ; o L o= B - O L
M = O n ~ ”, O M JN ] O g o 9] O ] 0w
- La, " T 59 - O H I T B
@] a 3] m . [(}] P Ko [ o o]

- T T T T B 2y co® g @ 0 g
H o 0 o o <0 el o g o g o g -
TN MAV O b m o I v_ ™ mx mu i o £ 0 O o =
© o L4 S L ow o 0 B o5 Toa g D

L @ Oy - [ O @ @ © _@W [ S = [

+ 4 ) e S N R Pe o= O : ORI M

Mmoo T w < L 0 A O I R /) B O T e

O - opt [ purt ; e -

O o o ' O - ] & 0} 3 143] C O 9] o]

& 0 g o g wm 0 - O I O = . O
a2 o o T 5 " T T Ty o

g OB 0o . @ = o) m o I = A OIS

© u & X S = ) O o SR R £ ’

S o 4w o o= ¢ 9 g OB Z =
=D - © oy ow o oa 9 = Lo g 8 5 4 g

N Iy oA N o o ) I [ R B a Qy

o ) O R AN A Q - P R I/ B
ORI 0] g Y < o S s S o

w o o @ e O o TP o4 ST B S~ N € R R O
© oD & =Y 8 0 0 4 92 g o 9 c M

N - Q, 0 : ) - [ a @ g { &

,m. mk1x aa] Y o ~ g & o o o P m 5 = .% G
Ly D) . =0 ) Kl { a Pt 4- ) q o, O
Q¢ oo Is ! oo 2 T— O r- o5 © - v_p \UJ —

| D @) ! ) O i) u.u Yu;
T ou o oo S - g 0w oo - - & o L © = « 9
q i R 2w 9] - 3 @
S R o 7 SRR 00 9 5 4 T £ oy O

o £ 0 @ Z ow = I Lo g T T 9 n o5 O
5 Y 98 4% T om0 om o C SRR I SR
‘ h= ol S m @ N o nw o ©
- . ; S S R~ R R - e B O R A
Q, - o © a R s I = = I B W (3 ©w O 7

) o 6] GO - hd O - — i} o O {
* 1 ﬁv_ 18] 1 b ) mM re) G [ m O & oy i) V.v p <

. 14 . Fomd b} ~ ~ Ly N
w4 T S I o O 5 v oH o oy
¢ oo < “o0 R v o« 9 o 4 8 g ®

s © T o w g5 oy TG R A T T - T =

- o) L e} : ) (o8
o4 + 7 B | S O iy RS N B =T o} S
S S 0% 0 8 4 +H v d N
¢ ;S o °oop SRV ) -
~ m r e G BT B B (VI S B ) By v w © 0 0

S5 M o g © = @ H4 T - - L 9 ¥ &6 w ©
= % © .m o w A0 U o o o 9 © ) o~
o - o ; Moo [ s} G} = 0 . 0
< v L o L g o e (VI o n o L > 0 U w 3
no2 o @0 o n o4 O g E © O O L (T e G (s o IR A )
S T e T = T T I © SN & S B B & S-S s B e O o T - = O P I



WO 2020/252476 PCT/US2020/037788

3

the lock chamber 110

2 i o~ ) 1, . +
interchanged Letweer

e

1 r
apparatus {such as one of the process apparatus in Figs. 1A-1F}

and another sealed or unsealed chamber of another process
apparatus (such as another of fthe process apparatus in Figs. 1A-
iF} (Fig. 14, Block 1470}.

(00871 In accordance with one or more aspects of the preszsent
disclosure a process apparatus comprises:

[008g] a end with a load cpening for lcading, from an
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for processing the production workpieces, the process section
being offset at a distance from and coupled to the front end via

an interior transport path configured at least for transport of

the production workpieces between the front end and the process
section;

[00S0] a load lock between the front end and the process
section with the Interior transport path extending through th

ioad lock, he load lock having, 1n the distance offsettin h

process section from the front end, an intermediate entry with
an opening shunting the interior fTransport path fTo the exterior

separate from the front end; and
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he intermediate entry opening, the entry and removal of

t
the predetermined interchangeable transport carrier cassette

-

through the intermediate entry opening loads and unloads the

the load lock, the intericr transport path ccoincident with the

r0C0c2] In accordance with one or more aspects of the present

disclosure the fransport path interface 1s a non-productior

—

workpliece ©process component coupled to the Interchangeable
cassette frame and carried by fthe predetermined interchangeable

transport carrier cassette so as to transport the transport path
f

transport plane o0f the interior transport path so as to

interface at the repeatable pcesition.

T N = « J = v 4 T 3 P - A + TN - . 3
[00383] In accordance with one or more aspects of the present
disclosure the non-production workpiec process component 13

interchangeably coupled toc the interchangeable cassette frame
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process components.

(0094 In accordance with one or more aspects of the preszsent
discliosure the non-production workplece process component 1is

swapped from the locad lock by swapping the predetermined
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lock with the predetermined interchangeable transport carrier
cassette loaded in the load lock.
F03100] in accordance with one or more aspects of the present

h

s

5
®
H
|,_J
O
K

n
disclosure the deterministic coupling is sealed “om an 1

0101 In accordance with one or more aspects of the present
disclosure the deterministic coupling has at least one pin

lock and is configured sc¢ as to matingly eng

5 a

lock a complementing receptacle o the load

interchangeable cassette frame, and each of the at
1

0 each of the complementing receptac

=
Q_}
ot
®
o,
o

a.

deterministic pin arrangement on the interchangeable casset

t
frame or the lcad lock that is positionally deterministic to the

Lransport path interface carried by the predetermined
interchangeable fransport carrier cassette and effects the

[0103] In accordance with one or more aspects of the present
disclosure the predetermined interchangeabl transport carrier

cassette 1is one or more of:
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disclosure a process apparatus comprises:

(01081 a workpiece lcad chamber with a load opening fo:
loading, from an exterior of the process apparatus, production

[0109] a process section with a process environment arranged
for processing the production workpleces, the process section

for transport of the production workpieces between the load

« T PR - Le oy - -1 T R | . 2 . g RN o ne
< chamber, Dbetween the load opening and process

1
section, having a sealable aperture communicating with a sealed

interior of the process section with the interior transport path
through the sealable aperture of the lock chamber into

X
the process section, the lock chamber having in the distance

an intermediate entry with an opening shunting the interiox

~d
Y
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transport path to the exterior separate from the workpiliece load

(0111 wherein the lock chamber has a selectable
configuration selectable through the intermediate entry opening
etween different predetermined configurations each having a
different non-production workpiece h
lock chamber, the sel onfiguration being effected with
lcading of at least one interchangeable transport carrier
cassette, carrving one of the different non-producticn workpiece
process components, through the intermediate entry opening into

disclosure the lock chamber has a kinematic coupling that
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with loading,

the at least one interchangeable transport carrier cassette in

predetermined repeatable position by the kinematic coup

01131 In accordance with one ¢y more aspects of the present
disclosure the at least one Interchangeable transport carrier
cassette has an interchangeable cassette frame with a mating

porticn of the kinematic coupling deterministically coupling the

!

interchangeable transport carrier cassette and the one of the

different non-production workpilece process components carried by
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different non-production workplece process compeon
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0116] In accordance with one or more aspects of the present
disclilosure the one o¢f the differen o)

T
cess components is interchangeably coupled to the

pr
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interchangeable cassette frame with other non-production

workpiece process components,

disclosure each of the different non-production workpiece
process components is configured so as to be interchangeably

carried Dby the interchangeable tr
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swapped from the lock chamber by swapping
the at least one interchangeable transport carrier cassette in

the lock chamber with another of the at least one

interchangeable transport carrier cassette through the

N

with one or more aspects ©of the present
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e
disclosure the one of the different non-production workpiece
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process components is replaceable or consumable part of a

process in the process section.
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(01247 I accordance with one or more aspects of the present

o
&

rom an interior

-

n
disclosure the deterministic coupling 1s sea

=

o

[0125] In accordance wit ne or more aspects of the present

Q
[

disclosure the deterministic coupling has at least one pin

—

dependent from the interchangeable cassette frame or the lock

chamber and 1is configured so as to matingly engage within the

pin mated to each of the complementing receptacle 1s sealed from
an interiocr of the lock chamber.
[01z0] In accordance with one or more aspects of the present

east one pin includes more than one pins in a
deterministic pin arrangement on the interchangeable cassette

frame or the lock chamber that is positionally deterministic to
the one of the different non-production workplece process
components carried by the at least one interchangeable transport
carrier cassette anc effects the predetermined

e
sosition of the one of the different non-production workplece

[

process components.

01271 In accordance with one ¢y more aspects of the present

disclosure the at least one Interchangeable transport carrier
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communicating with a sealed interior of the process sec

ct
P..I
E
P_.I
ot
oy

e
the iInterior transport path extending through the sealab
aperture of the lock chamber into the process section, the 1

chamber having in the distance offsetting the process section

from the workpiece load chamber, an intermediate entry with an

o~ - o~y T s . e o o~ S e I J ~ - |~ .
separate from the workpiece load chamber

~o
a
8!

configuration of the lock chamber, the selectable
he intermediate entry

t
ifferent predetermined configurations each

@
o]
0

non~-producticn workplece process component

within the lock chamber, the selectable conficuration being
effected with lcading of the at least one interchangeable

transport carrier cassette, carryving one of the different non-
production workpiece process components, through the

intermediate entry opening into the lock chamber.

F0137] In accordance with one or more aspects of the present

5.

o)
-

disclosure the lock chamber has a kinematic c¢oupling that
es, substantially coincident with loading,
ransport carrier cassette in
he different non-production
workplece process components being deterministically set in a

e kinematic coupling
relative to a locating feature locating the sealable aperture

with respect to the interior transport path.
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o0
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(01747 In accordance with one or more aspects of the present
disclosure, the frame forms a sealable enclosure having at least
one sealable opening.
(01757 In accordance with one or more aspects of the present
disclosure, the sealable enclosure is shaped and sized for entry
into and coupling to the lock chamber, wherein the lock chamber
includes substrate supports that are separate and distinct from
the interchangeable transport carrier cassette.
[0176] in accordance with one or more aspects of the present
disclosure, the frame 1is shaped and sized for entry into and
coupling to the lock chamber, wherein the lock chamber includes
substrate supports that are separate and distinct from the
interchangeable transport carrier cassette.
[0177] It should be understood that the forecgoing description
is only illustrative of the aspects of the present disclosure.
arious alternatives and modifications can be devised by those
skilled in the art without departing from the aspects of the
present disclosure. Accordingly, the aspects of the present
disclosure are intende to embrace all such alternatives,
modifications and variances that fall within the scope of any
claims appended hereto. Further, the mere fact that different
features are <recited in mutually different dependent or
independent claims does not indicate that a combination of these
features annot be advantagecusly used, such a combination
remaining within the scope of the aspects o¢f the present
disclosure.
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(01787 What is claimed is:
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a front end with a load opening for loading, from an exterior of

the process apparatus, production workpieces into the process
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processing the production workpieces, the process section being
offset at a distance from and coupled to the front end via an
igured at least for transport of the

interior transport path con

vroduction workpileces Dbetween the freont end and the process

one T JaaN) R 3 N S -3 T - -~ - -~ dm Ty o Fy. o~ , . PR, I
a load lock between the front end and the process section with

the interior transport path extending through the load lock, the

<
3

lcad lock having, in the dist ffsetting the process sectior

a ¢]
from the Ifront end, an intermediate entry with an opening
shunting the interior transport path fo the exterior separate

. . . } .
from the front end; and

a predetermined interchangeable transport carrier cassette,

Bl '
1
L

having an interchangeable cassette frame, configured so as to be
entered within the 1ocad lock from the exterior through the
intermediate entry opening, the entry and removal of the
predetermined interchangeable transport carrier cassette through
the intermediate entry opening loads and unloads the load lock
with a transport path interface that interfaces, 1in the load

lock, the interior transport path coincident with the
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a n the l1lcad lock a complementing receptacle
of the lcad lock or the interchangeable cassette frame, and each

of the at least one pin mated to each of the complementing

12. The process apparatus of claim 11, wherein the at least one
pin includes more than one pins 1 a deterministic pin

or the Iload
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a workpiece load chamber with a load opening for lcading, from
an exterior oI the process apparatus, production workpieces into
the process apparatus;

a process section with a process environment arranged for
processing the production workpieces, the process section being
offset a2t a distance Ifrom and coupled to the workpiece load
chamber via an interior transport path configured at least for
transport of the production workpieces between the load opening
and process section; and

a lock chamber, between the load opening and process section,
having a sealable aperture communicating with a sealed interior
of the process section with the intericr transport ath
extending through the sealable aperture of the lock chamber into
the process section, the lock chamber having in the distance
offsetting the process section from the workpiece load chamber,
an intermediate entry with an opening shunting the interior

-
Th

the exterior separate from e

workpiece load

wherein the lock chamber has a selectable configuration
selectable through the intermediate entry opening Dbetween

ach h

¢

predetermined configurations

component

chamber, the selectable configuration being effected with
icading co¢f at least o¢ne interchangeable transpcrt carrier

93
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process components, through the intermediate entry opening into

the lock chamber.

ocess apparatus of claim 14, wherein the lock chamber
has a kinematic coupling that kinematically couples,
substantially coincident with loading, the at least one
interchangeable transport carrier cassette in the lock chamber,
the one o©of the different non-production workplece process

components  beins deterministically set in a predetermined

repeatable position by the kinematic coupling relative to a
locating featur locating the sealable aperture with respect to

16. The process apparatus of claim 15, wherein the at least one

interchangeable transport carrier cassett has

Q
o

interchangeable cassette frame with a mating portion of the
kinematic coupling deterministically coupling the

interchangeable transport carrier cassette and the one of the

(@}
-
—h
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“ferent non-production workplece process components carried by

-

substantial

¢t
o
D
}_l
)
.':T
1}
]
LQ
O)
T
l,__.l
D
s
-
1}
]
16}
b—rj
@)
]
ot
@]
8}
H
[
}_l
D
[
@]
Q
0
]
D
o
¢t
[0}

1y
coincident with loading the at least o¢ne interchangeable

transport carrier cassette in the lock chamber.

[N

7. The process apparatus of claim 1o, wherein the

0

interchangeable cassette frame has supports connected thereto
that are arranged to engage and stably hold the one of the
different non-production workplece process components carried by

the interchangeable transport carrier cassette, and different

interchangeable transporlt carrier cassettes have different
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positioned by the interchangeable transport carrier cassette
lcaded through the intermediate entry opening in the lock

from the

swapping the at

assette in the 1

process components is swapped

least one

ck chamber

interchangeable transport

carrier cassette through the intermediate entry opening.

22. 'he process apparatus of claim 14, wherein the one of the
different non-production workpliece process components L8 2
consumable of a process in the process section.

23, The process apparatus of claim 14, wherein the one of the
different non-production workpilece process components 1s  a

temporary shelf of

24. The process apparatus of claim 14, wherein the one of the
different non-production workplece process components 1s a
component of a transport device configured fTo transport the

o]
~
=

H
o
o]

rocess apparatus of
deterministic coupling connected to

frame of the at least

cassette, the deterministic

oduction workpleces on the interiocr

claim 14,

transport path.

further comprising a

interchangeable cassette

the interchangeable
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terchangeable cassette frame or the lock

n
chamber that 1is positionally deterministic to the one of th

©

different non-production workpilece process components carried by
the at least one interchangeable transport carrier cassette and
effects the predetermined repeatable position of the one of the

different non-production workpiece process components.

30. The process apparatus of claim 14, wherein the at least one

apparatus,

interchangeable between the lock chamber of the process
apparatus and another sealed or unsealed chamber of the process

31. The process appraratus of c¢laim 14, wherein the lock chamber
comprises one of a metrolcogy chamber, a load lock chamber, an

inspection staticon, an aligner station, buffer station, and

32. A method comprising:

providing a workpilece load chamber, the workpiece load chamber

having a load opening for loading, from an exterior of a process

apparatus, production workpieces into the process appa

-
Q
¢t
-
6]

98
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ding a process section, the process section having a

prov

process environment arranged for processing the production

workpieces, the process secticon being offset at a distance from

transport path configured at least for transport of the

=

and process

providing a lock chamber, between the lcad opening and process
section, the lock chamber having a sealable aperture

communicating with a sealed interior of the process section with

from the workpiece load chamber, an intermediate entry with an

east one interchangeable transport carrier

being selectable through the intermediate entry opening between
different predetermined configurations each having a different
non-production workpilece ©process component within the lock

fected with

6]
h

chamber, the selectable configuration Dbein
loading of the at least one interchangeable transport carrvier
process components, through the intermediate entry opening into

the lock chamber.

O
WO
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33. The method of c¢laim 32, wherei the lock chamber has a
kinematic coupling that kinematically couples, substantially
coincident with loading, the at least one interchangeable
transport carrier cassette 1in the lock chambe the one o¢f the
different non-production workpiece process components being
deterministically set 1in a predetermined repeatable position by
the kin tic coupling relative to a locating feature locating
the sealable apertu with respect to the iInterior transport
path.

34, The method of c¢laim 233, wherein the at least one
interchangeable transport carrier cassette has an
interchangeable cassette frame with a mating portion of the

kinematic coupling eterministically coupling the
interchangeable transport carrier cassett and the one of the
different non-production workplece process components carried by
the interchangeable transport carrier cassette substantially
coincident with loading the at least one interchangeable
transport carrier cassette in the lock chamber.

35. The method of claim 34, wherein the interchangeable cassette
frame has supports connected thereto that are arranged to engage
and stably hold the one o0f the different non-prcoduction
workpliece ©pzrocess omponents carried by the interchangeable
transport carrier cassette, and different interchangeable
transport carrier cassettes have different supports connected tc
the interchangeable cassette frame, each of the different
supports peing arranged to engage and stably hold corresponding
different non-production workpiece process components for
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transport with the interchangeable transport carrier cassetite

and 1n the lock chamber with the interchangeable transport
1

26. The method of claim 34, wherein the one of the different
non-production workpiece process components is coupled to the

interchangeable cassette Iframe and carried by the at least one

interchangeable transport carrier cassette so as tTo transport

components to and from the process apparatus and repeatably
position, on loading of the ock chamber through the
intermediate entry opening, the one of the different non-
production workplece process components relative to a transport
plane ¢f the interior transport path so as to interface the
interior transport path with the one o©of the different non-

production workpiece process components a the repeatable

duction workpiece process components 1is i

o) n
coupled to the interchangeable cassette frame with other non-

28. The method of claim 32, wherein each of the different non-
production workplece process components 1is configured so as tc
be intexchangeably carried by the interchangeab

carrier cassette and determinis

¢t
i_.l
O
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repeatable position of the one ¢f the different non-producticn

workpliece process ¢

O

mponents.

PR

The method of c¢laim 43, wherein the deterministic coupling

B
i
°

kinematically couples the at least one interchangeable transport

{2

arrier cassette and non-production workpiece process component

)

in at least two orthogonal constraint axi: re

45, The method of claim 43, wherein the deterministic coupling

46, The method of claim 43, wherein the deterministic coupling
has at least one pin dependent from the interchanceable cassstte
frame or the lock chamber and 1s configured so as to matingly

engage within the lock chamber a complementing receptacle of the

the at least one pin mated

receptacle is sealed from an interior of the lock chamber.

-

-

47. The method of c¢laim 46, wherein the at least one pin
includes more than one pins in a deterministic pin arrangement
on the interchangeable cassette frame or the lock chamber that
is positionally deterministic to the one of the different non-

production workpiece process comnponents carried by the at least

one interchangeable transport carrier cassette and effects the

predetermined repeatab
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the at least one interchangeable

T
>E the lock chamber of the process apparatus.

between each o

48, The method o¢f c¢laim 32, further comprising interchanging
the at least one interchangeable transport carrier cassette
between The lock chamber o©of the process apparatus and another

sealed or unsealed chamber of the process apparatus.

0. The method of claim 32, further comprising interchanging
the at least one interchangeable transport carrier cassette
veenn the lock chamber of the process apparatus and another

W
sealed or unsealed chamber of another process apparatus.

51. The method of cilaim 32, wherein the lock chamber comprises

-
]
[~
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