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Title: Substrate Housing and Docking System

Fiel?l of the Invention

The present invention relates to a housing for articles and a docking unit for receiving
the housing, and more particularly to a transportable housing for storing a plurality of
substrates in a substantially clean environment and a docking unit for permitting interface of

the housing with a clean environment.

Descl;iption of the Related Art

The processing of semi-conductor substrates, such as wafers and masks and flat panel
displays, typicaily requires the storage of the substrates in a substantially clean environment
before and after processing. Further, it is typically necessary for the substrates to be
transported to or be in proximity with a "mini environment," which is a localized environment
created by an enclosure to isolate the substrates from contamination and people. Typical semi-
conductor processing equipment further includes means for transferring the housing or
substrates into and out of a mini environment such as robotic equipment and the like.

Prior apparatus for handling substrates includes a housing having a removable cassette
therein which receives the substrates. The entire housing must first be manually lifted to a
significant height and placed onto an access apparatus adjacent the mini environment. Such
manual lifting limits the acceptable maximum size and weight of a fully loaded housing. The
housing bottom is unlatched and the cassette is vertically lowered with the bottom of the
housing. Such bottom access renders the housing susceptibie to a loss of the cass;ite in the
event of a housing door failure. Further, in prior apparatus, the cassette must be manirulated
by a robot or other apparatus after it is lowered from the housing to laterally relocate the
cassette from the housing bottom to a location accessible from the mini environment for
nﬁnipulation of the substrates. Thus, a rather complicatéd procedure is required to access the
substrate. Further, the access apparatus consumes valuable floor space adjacent the mini

environment due to a rather large footprint.
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- Summary of the Invention

Accordingly, the' present' invention provides a modular, transportable housing for'"j

storing articles such as: subsu'ates, including sermconductor wafers, masks and flat panel
displays, for example, and for maintaining such artxcles in a substantially clean environment.
Preferably, the substrates are supported within the housmg by . a  plurality of combs which are
mounted within the housmg and Wthh mamtam the substrates in a spaced relationship relative
to each other. Access to the interior of the housmg is permitted by a door assembly on the front
of the housmg. Latches are preferably provided on t_he-housmg to keep-the door assembly ina
locked position until access is desired. The door assembly preferably EOmprises a door
pivotally mounted to the housing by a pair of tracks mourited on the top of the housing, thereby
permitting relatlve movement of th—housmg and door. . _ |

A dockmg unit accordmg to the present invention is located near or adjacent a mini
envn'onment allowmg mterface of the substrate housing to the mini environment. The docking
unit comprises a frame havmg a movable tray for receiving the substrate housmg when the tray
1s in a retracted posmon In the preferred embodnnent, the housing includes bearings for

rollably engagmg correspondmg plates on the dockmg umt for horizontally guiding the housing ™

onto the tray. The tray is mampulated by a motor assembly for positioning the tray in a

retracted, middle and an mserted posmon. The docking unit further comprises a cam assembly
for engaging the housmg door latches when the tray is in the middle position and a port door

assembly for sunultaneously opemng a port door on the dockmg unit and the housing door.
The port and housing doors rotate 90° about a ﬁxed common center of rotation (FCCR) atan

' .upper front edge of the housmg Thus, the door is placed in a stowed, horizontal position

clearing a path between the housmg and the rmm environment. The tray and housing are then
moved to the mserted posmon to abut the docking unit. bulkhead and permit access to the
substrates from the mini envuonment Dunng insertion of the housing with substrate the
housing door remains statxonary so that the tracks allow slideable movement of-the housing

relative to the door. In this mar_mer, the door is stowed away in a convenient location without

consuming valuable space..

In the preferred embodiment, control circuitry mcludmg a microcontroller is provided
on the docking unit to automatxcally detect the presence of a substrate housing placed on the
docking unit, and to prompt an operator to load the substrate housing for processing. A
memory device is preferably mounted on the suhStra_te-housing for storing and updating history
and other information of the housing and its substra'tes. A host-computer preferably controls
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one or more such docking units by sending messages and commands through a communication
link. The host compiifér controls operation by sendliig commands to load and unload the
substrate housing and to retrieve the stored history information. In mspoﬁse, the control
circl_xitry of the docking unit reads the memory device of the substrate housing and passes the
requested information to the host computer through the communication link. Furthermore,
during or after processing, the host computer sends updated information to the docking unit,
and the control circuitry writes the updated information in the memory of the substrate housing.

In this manner, a single host computer controls and tracks one or more docking units and

associated substrate housings.
Due to the configuration of the docking unit and horizontali movement of the substrate

“housing, several docking units may be stacked on top of one another to achieve a multiple unit

conﬁguration.._ A top plate of one docking unit serves as the bottom plate of another. In this
manner, multiple docking units are provided in the same floor space or footprint of a single
unit.

Accordingly, a substrate housing and docking unit system according to the present
invention provides several significant advantages over systems of prior art. A single integrated
housing with support combs maintains the integrity of the substrates in a clean and secure
environment with less probability of accidental compromise. The entire integrated housing is
laterally inserted into the mini environment for direct access without intermediate removal of
the substrate from the protective housing. Lateral movement of the housing for placement onto
a docking unit eliminates lifting the housing above the docking and inserted position. Such
movement also simplifies the loading procedure, substantially reduces the footprint of each
docking unit and facilitates stacking of two or more units together. ’
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Brief Description of the memgs _ )

A better understanding of the present invention can be obtained when the following
detailed descriptien of the preferred embodiment is- considered in conjunction with the
following drawmgs, in whlch o

Figure 1 is perspecttve view of the preferred embodiment of the substrate housmg of
the present invention; g

Figure 2 is an exploded view of the preferred embodxment of the substrate housmg of
the present invention;

Figure 3 is an elevatlonal view of the msrde of the left panel in the preferred
embodlment of the substrate housing of the present mventlon, .

Frgure 4i 1s a cross-sectlonal view taken along seetlon lines 4-4 of Figure 3;

Figure 5 is a plan view of the msrde of the bottom. panel in the preferred embodiment of
the substrate housmg of the presentinvention; . . .

Figure 6isa cross-sectional view taken along section lines 6-6 of Flgure 5;

Figure 7 is a plan. vrew of the inside. of the top panel in the preferred embodiment of the
subsu'ate housing of the present mvenuon, _ _

Figure 8isa cross-sectmnal view taken along secuon lines 8-8 of Figure 7;

Figure 9 is a elevatronal view of the inside of the right panel in the preferred
embodxment of the substrate housmg of the present invention; .

| Frgure 10 is a cross-sectional view taken along section lmes 10-10 of Figure 9;

Figure 11 is a plan view of the handle in the preferred embodxme_nt of the substrate

housmg of the present invention; | .
~ Figure 12isa cross-secuonal view taken along section lines 12-12 of Figure 15;

Figure 13 is an elevational view of the outside of the rear panel in the preferred
embodiment of the substrate housing of the present inven_tion; T

Figure 14 is a cross-sectional view taken along section lines 14-14 of Figure-13;

Figure 14A is an enlarged view of the top of Figure 14 illusu'ating'the position of an O-
ring gasket; | |

Figure 15 is an elevational view of the inside of the front panel in the preferred
embodiment of the substrate housing of the preSent invention; |

. Figure 16 is a cross-sectional view taken along sectlon lines 16-16 of Figure 15;

Figure 16A is an enlarged view of the top of Figure 16 illustrating the position of an O-

nng gasket;
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Figure 17 is an elevational view of the inside of the door in the preferred embodiment
of the substrate housing of the present invention; c

Figure 17A is a center line cross-sectional view taken along section lines 17A-17A of
Figure 17 illustrating half of the housing door;

Figure 17B is a cross-sectional view taken along section lines 17B-17B of Figure 17;

Figure 18 is a cross-sectional view illustrating the engagement of the front panel and
housing door in the preferred embodiment of the substrate housing of the present invention;

Figure 19 is a side view of a left side door track in the preferred embodiment of the
substrate housing of the present invention;

Figure 20 is a cross-sectional view taken along section lines 20-20 of Figure 19;

Figure 21A is a side view of the right door track in the preferred embodiment of the
substrate housing of the present invention illustrating the door in the CLOSED position;

Figure 21B is a side view of the preferred embodiment of the substrate housing of the
present invention illustrating the door in the OPENED position;

Figure 21C is a side view of the preferred embodiment of the substrate housing of the
present invention illustrating the door in the stowed position;

Figure 22 is a plan view of a left side latch assembly in the preferred embodiment of
the substrate housing of the present invention;

Figure 23 is a perspective view of a left side latch assembly in the preferred
embodiment of the substrate housing of the present invention;

Figure 24 is a plan view of a right side latch assembly in the preferred embodiment of
the substrate housing of the present invention;

Figure 25 is a perspective view of a right side latch assembly in the prefened
embodiment of the substrate housing of the present invention; .

Figure 26 is a side view of a rear comb in the preferred embodiment of the substrate

housing of the present invention;
Figure 27 is a partial side view of a rear comb in the preferred embodiment of the

substrate housing of the present invention;
Figure 28 is a partial perspective view of a lateral comb in the preferred embodiment of

the substrate housing of the present invention;
Figure 29 is a top view of a lateral comb in the preferred embodiment of the substrate

housing of the present invention;
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Figure 30 is a cross_-sectiohal side view of a lateral comb in the preferred errlbodiment '

of the substrate housing of the present invention;

Figure 31 is-an enlarged cross-sectional- view of a portion of a lateral comb in the
preferred embodiment of the substrate housing of the present invention;
Figure 32 is a cross-sectional view illustrating a substrate lock assembly in the

' preferred embodunent of the substrate housing of the present invention;

Figure 32A is a cross—sectronal view along section lines 32A-32A of Figure 32
ﬂlustratmg a substrate locking clip assembly; ' '

| Figure 33 is a plan view of the substrate lock in the preferred embodiment of the
substrate housing of the present mven’aon, _ '

Figure 34isa sxde v1ew of a substrate lock in the preferred embodiment of the substrate

housing of the present mventron,
Figure 35 isa front perspectwe view of the preferred embodxment of the docking unit

of the present mventton, o : . _
Flgure 36isa rear perspectrve view of the preferred embodlment of the docking unit of

the present invention;

Figure 37isa partral exploded view of the preferred embodlment of the dockmg unit of

~ the present invention;

Figure 38 is a partial exploded view of the preferred embodunent of the dockmg unit of

the present invention; _ _ | _
~ Figure 39 is a perspective view of the tray drive assembly in the preferred embodiment

 ofthe docking unit of the prese_nt invention;
 Figure 40 is a rear cross-sectional view of the cam assembly in the “preferred

embodiment of the dockmg umt of the present invention;

b

Figure 41 is an exploded view of the cam drive assembly in the preferred embodlment

of the docking unit of the present invention; S S .
Figure 42 is an exploded view of the door drive assembly in the preferred embodiment

~ of the docking unit of the present invention;

Figure 43 is a partial perspective view illustrating the dockmg unit door in the

' CLOSED position;

Figure 44 is a partial perspectrve view illustrating the docking unit door in the
OPENED position; '

[
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Figure 45 is a top plan view of the preferred embodiment of the docking unit of the

present invention;

Figure 46 is a perspective view of the substrate housing mounted with the docking unit

in the RETRACTED position;

5 Figure 47 is a right side elevational view illustrating the substrate housing engaged with

~ the docking unit in the RETRACTED position;

Figure 48 is a top plan view illustrating the substrate housing engaged with the docking

unit in the RETRACTED position;

Figure 49 is a perspective view illustrating the substrate housing engaged with the

10 docking unit in the MIDDLE position;

Figure 50 is a right side elevational view illustrating the substrate housing engaged with

the docking unit in the MIDDLE position;

Figure 51 is a top plan view illustrating the substrate housing engaged with the docking

unit in the MIDDLE position and with the door in a locked configuration;

15 Figure 52 is a top plan view illustrating the docking unit unlocking the substrate

housing door to an unlocked configuration;

Figure 53 is a right side elevational view illustrating the docking unit unlocking the

substrate door;

Figure 54 is a right side elevational view illustrating the pivoting of the substrate

20 housing door and docking unit door to the OPENED position;

Figure 55 is a perspective view illustrating the substrate housing engaged with the

docking unit in the INSERTED position;

Figure 56 is a right side elevational illustrating the substrate housing engagea with the

docking unit in the INSERTED position; .
25 Figure 57 is a top plan view illustrating the substrate housing engaged with the docking

unit in the INSERTED position;

Figure 58 is a front perspective view illustrating a docking unit of the present invention

stacked atop another docking unit of the present invention;

Figure 59 is a rear perspective view illustrating the stacking of the docking unit of the

30 present invention atop another docking unit of the present invention;

Figure 60 is a schematic diagram showing the electronics used to control the docking

unit according to the present invention;
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~ Figure _61 is a stat_é diagram illustrating the géneral operation of the docking unit
according to the present invention,; ,
Figures 62A and 62B sho_v# a flowchart diagram illustrating a routine executed by the
microcontroller of Figure 60 when the docking imit is initiéily powered on; :
~ Figure 63 shows a flowchart diagram illustrating a procedure executed by the
nncrocomroller of Fxgure 60 for loading the substrate housmg onto the docking unit of Figure
60; . L - |
Figure 64 shows a flowchart diagram lllustraung ‘a routine executed by the

microcontroller of Figure 60 for unloading the substrate housing from the docking unit;

Figures.GSA-and 65B show a flowchart diagra‘m illustrating a routine executed by the
microcontroller of Figure 60 to operate stepper motors; '

Figure 66 shows a flowchart dxagram illustrating operatlon of an interrupt handling
routme for controlling the velocity of a stepper motor; and '

Figure 67 shows a flowchart diagram illustrating operation of an interrupt routine for

_controlling the acceleration of a stepper motor.

-
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Detailed Description of the Preferred Embodiment

Referring to Fignires 1 and 2, a substrate housifig according to the present invention is
identified by the number 60. Substrate housing 60 preferably comprises a box-like structure
which includes a left side panel 64, a right side panel 66, a bottom panel 68, a top panel 70, a
rear panel 72, and a front panel 74. As illustrated in Figures 3-8, left panel 64 has a lower lip
76 for mating with a groove 78 in bottom panel 68 and an upper lip 80 for mating with a
groove 82 in top panel 70. As illustrated in Figures 5-10, right panel 66 has a lower lip 84 for
mating with a groove 86 in bottom panel 68 and an upper lip 88 for mating with a groove 90 in
top panel 70. Left panel 64 is chemically bonded to bottom panel 68 and top panel 70 and right
panel 66 is chemically bonded to bottom panel 68 and top panel 70. Further, panels 64, 66, 68,
70, 72 and 74 are polycarbonate and define an interior space or cavity 92 within the substrate
housing 60.

Referring again to Figure 2, a plurality of mounting blocks 94 are mounted to the inside
surfaces of panels 64, 66, 68, and 70. Front panel 74 is secured to panels 64, 66, 68 and 70 by
a plurality of screws 96 which extend through panel 74 into respective passages within
mounting blocks 94. Rear panel_ 72 is mounted to panels 64, 66, 68, and 70 in a similar
manner. Referring to Figures 2, 7, 11 and 12, a handle 98 having a grip 100 is received within
a passage 102 in top panel 70 and chemically bonded thereto. A touch memory 103 is mounted
within bottom panel 68 and is used for storing information about the substrate housing 60 and
its contents, as will be described more fully below.

Referring to Figures 2, 13, 14 and 14A, rear i:anel 72 has a groove 104 around the
perimeter thereof for receiving an O-ring gasket 106. Further, a handle 108 may be secured to
the outer surface of panel 72 by screws which extend through panel 72 and into handle 108.
Referring to Figures 15, 16 and 16A, front panel 74 has a groove 112 around the perimeter
thereof for receiving an O-ring gasket 114. Front panel 74 also has an access port or passage
116 therein. Panel 74 has a sharp edge seal 117 around the perimeter of passage 1716.

' Referring to Figures 2, 17, 174, 17B, 18-20 and 21A-21C, substrate housing 60
comprises a pivotal door assembly 118 coinprising a door 120 having a groove 121 around the
perimeter thereof which receives a sponge seal 122. Ramps 123 are formed on either side of
the approximate center of the door 120 in groove 121 leading to a plateau center portion 123b.

When door 120 is in its CLOSED position, edge 117 engages sponge seal 122 to form an
airtight seal and thereby prevént particles from entering substrate housing 60, as illustrated in
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Figure 18. Ramps 123 compensate for the flex of door 120 so that a substantially uniform
force is apphed between edge 117 and sponge 122 around the perimeter of door 120.

Door assembly 118 ﬁn'ther comprises a paxr of door actuator assemblies 124 and 125
thch are secured to door 120 by screws 126 and 128, respectlvely Door actuator assembly
124 compnses a bracket or actuator 130 having a beanng 132 mounted thereto by a bearing

_ shaft 134, Beanng 132 is mounted on shaft 134 and shaft 134 is secured to actuator 130.

Further, actuator 130 is secured to door 120 by screws 126 which extend through door 120 into
actuator 130. Door actuator assembly 125 comprises a bracket or actuator 136 having a
bearing 138 mounted thereto by a bearing shaft 140. Bearing 138 is mounted on shaft 140 and

 shaft 140 is secured to actuator 136.. Actuator 136 is secured to door. 120 by screws 128 which

extend through door 120 mto actuator 136.
Referring to Figures 2 19, 20 and 21A-21C, aleft or first track 142 is secured to top

| panel 70 by a plurality of screws. A right or second track 146 is also secured to top panel 70 by
a plurahty of screws. Track 142 defines a channel or passage 150 therein for receiving bearing
: 132 and has a forward abutment 152. Track 146 deﬁnes a channel or passage 154 therein for

recelvmg bearing 138 and has a forward abutment 156.
Referring to Figures 21A, 21B, and 21C, the pivotal movement of door 120 will be

__described in greater detall Figure 21A illustrates door 120 in the CLOSED position with

bearing 138 within passage 154 at the forward end of track 146. Bearing 132 (not shown in
Figure 21A) is likewise within passage 150 at the forward end of track 142. Figure 21B

. .illus_trates door 120 pivoted to the OPENED position such that door 120, the actuator 130 and

the actuator 136 pivot. Figure 21C illustrates the movement of door 120 relative to box 62 by
the passage of bearing 138 toward the rearward end of 'passage. 154. Bearing 13% likewise
passes. toward the rearward end of channel 150. That is, door 120 may be moved rearward to

the RETRACTED position as the substrate housing 60 is moved forward, as 1llustrated by the

L 3

lower arrow in Figure 21C, such that bearings 132, 138 are positioned at the rearward end of

tracks 142, 146, respectively, and the relative-posit_ions of door 120 and box 62 have changed.
Referring to Figures 2 and 22-25, door 120 may be maintained in a locked

~ configuration by a pair of latch assemblies 158 and 160. As.illustrated in Figures 22 and 23,

latch assembly 158 comprises a latch 162 which is pivotally mounted to the inside of bottom

- panel 68 by a pivot pin 164. One end of a resilient spring 165 extends through a slot 166 in

latch 162 and is positioned about a screw 167 which extends through latch 162 and slot 166.
The opposite end of spring 165 is positioned about a post 168 which extends upward through

10
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bottom panel 68. Latch 162 has a forward groove 170 for mating engagement with a beveled
lip 172 in door 120, »skatch assembly 158 is substafiflilly covered by a latch cover 174.
However, access 1o latch assembly 158 to depress the rearward end of latch 162 is permitted
through passage 176 in left panel 64 and adjacent passage 178 in bottom panel 68. The
forward end of latch 162 extends through passage 179 in front panel 74. The passages 176,
178 allow insertion of an actuator pin 346 with a bearing 348 mounted thereto (Figure 40) for
engaging and manipulating the latch 162. Also, the passages 176, 178 include a slanted edge
177 for engaging the bearing 348 during movement of the pin 346 for aligning the substrate
housing 60, described more fully below.
~ As illustrated in Figures 24 and 25, latch assembly 160 comprises a latch 180 which is
pivotally mounted to the inside of bottom panel 68 by a pivot pin 182. One end of a resilient
spring 183 extends through a slot 184 in latch 180 and is positioned about a screw 185 which
extends through latch 180 and slot 184. The opposite end of spring 183 is positioned about a
post 186 which extends upward through bottom panel 68. Latch 180 has a forward groove 188
for mating engagement with beveled lip 190 in door 120. Latch assembly 160 is substantially
covered by a latch cover 192, However, access to latch assembly 160 to depress the rearward
end of latch 160 is permitted through passage 194 in right panel 66 and adjacent passage 196 in
bottom panel 68. The forward end of latch 160 extends through passage 197 in front panel 74.
The passages 194, 196 allow insertion of an actuator pin 364 with a bearing 366 mounted
thereto (Figure 40) for engaging and manipulating the latch 180. Also, the passages 194, 196
include a slanted edge 195 for engaging the bearing 366 during movement of the pin 364 for
aligning the substrate housing 60 in conjunction with the bearing 348 engaging the edge 177.
Referring to Figures 2 and 26-27, substrate housing 60 comprises a pair of rear combs
198 which are each secured to rear panel 72 by a plurality of screws 200. Each comb 198
comprises a tower 202 having a plurality of spaced shelves 204 extending outward therefrom.
As illustrated in Figure 27, the upper and lower surfaces of each shelf 204 taper outwardly from
a forward end 205 thereof to tower 202 at an angle 8 of approximately 10°. The two combs
198 are aligned so that when both combs 198 are secured to rear panel 72, each shelf 204 on a
comb 198 is aligned with a corresponding shelf 204 on the other comb 198.
Referring to Figures 28-31, substrate housing 60 comprises a plurality of lateral combs
206, each of which are secured to left panel 64 or right panel 66 by a plurality of screws 208.
Each comb 206 comprises a pluarality of spaced shelves 210 and an arcuate, tapered inner wall
212. Each shelf 210 has an uppermost surface 214 for supporting substrates 216 and a

11
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lowermost surface 218 which t_apers downward from approximately horizontal at an angle o of
approximately 5°. Each comb 206 has an arcuate inner wall 219 approximately perpendicular
to surface 214. Wall 212 tapers inward from wall 219 at an angle B of approximately 10° from
a first shelf 210a and'a'n'_ g._dj_ac‘e’nt .upper shelf 210b. SubStrate housing 60 preferably has three
(3) combs 206 conrxected to left side 64 and three (3)- combs'206 connected to right side 66.
Each shelf 210 on a rcspectlve comb 206 is aligned w1th the other shelves 210 on the comb
206. Further, when combs 206 are secured to sides 64, 66, each shelf 210 is aligned with a
con'espondmg pair of shelves 210 on its respecuve srde.,w_all and a correspondmg shelf 210 on
the opposite side wall. , S | o

It is understood that the combs 198, 206 support the substrates 216 within the housing

cavity 92. Further, corhbs 206 provide a horizontal and vertical alignment of the substrates

216. That is, the taper of wall 212 urges the substrates 216 vertically downward to rest atop a
respective s_helf 210. L__ikew__ise, ‘the arcuate: surface -' of 'wall 212 urges the substrate 216

| horizorrtally toa _res_pe_ctive opposed shelf 210 on the opposite sidewall of the substrate housing
60. | - | '

| Referring to Flgures 2, 17 and 32, 324, 33 and 34, substrate housing 60 comprises a

 pair of substrate lock assemblies 220. Each substrate lock assembly 220 comprises a substrate

lock 222 having a flange 224 and a resilient material 226 connected thereto. Material 226 is
preferably a sponge matenal or the like: Each lock 222 has an outer surface 227 preferably
cornorising polyether ether ketone, having a plurality of grooves 228 therein. Each groove 228
is adapted to receive an edge of a substrate 216 therein. Each substrate lock 222 is received
within a cavity 229 wrthm door 120. Each substrate lock 222 is secured within a substrate lock
cavity 229 by a pair of substrate lock. chps 230 which are-each secured to door 120 by a lock
clip pin 232 which extends into a respectlve passage 233 in door 120. Pin 230 has an arcuate
surface which may be pivoted to engage flange 224-or pivoted to disengage flange 224, thereby
permitting insertion or removable securement of lock assembly 229 to door 120. -~
| Referring to Figures 1 and 2, a plurality of wheel assemblies 234 are secured to box 62.
Each assembly 234 comprisesga fender or cover 236 and a roller 238 mounted within cover

236 by a pin 239. Wheel assemblies 234 facilitate the mounting of the substrate housing 60

~ atop a docking unit 240 (Fi igure 35) as hereinafter described.

Referring to Figures 35-38, the preferred embodiment of the substrate housmg docking
unit of the present invention is identified by the number 240. The docking unit 240 comprises
a base plate 242, a cover plate 244, a left post 246 and a right post 248. A front plate or

12
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bulkhead 250 is secured to base plate 242 and cover plate 244 and has a port or opening 252
therein. Posts 246, 248 re also secured to base plate 242 dnd cover 244. A left side plate 254
is received between bulkhead 250 and post 246 in respective grooves in post 246 and bulkhead
250." A right side plate 256 is received between bulkhead 250 and right post 248 in respective
grooves in post 248 and bulkhead 250. A plurality of feet 258 are secured to the underside of
base plate 242.

Referring again to Figures 36-38, the docking unit 240 comprises a substrate housing
positioning assembly which includes a tray 262 comprising a bottom plate 264, a left side plate
266, and a right side plate 268. Touch memory contacts 269 are mounted in bottom plate 264.
Tray 262 has a left slot 270 therein defined by left side plate 266 and bottom plate 264. Tray
262 has a right slot 272 therein defined by right side plate 268 and bottom plate 264. A
plurality of roller bearings 274 are provided in corresponding grooves and secured to each
comer of tray 262 ends of the side plates 266, 268. Roller bearings 274 permit tray 262 to rest
upon and roll along a left rail 276 and right rail 278 which are secured to base plate 242. In
particular, several of the roller bearings 274 are mounted in a vertical position for allowing
rollable engagement with the rails 276, 278, while the remaining roller bearings 274 are
horizontally mounted for guiding the tray 262 during horizontal movement. Furthermore, two
of the horizontally mounted roller bearings on either the right or left side of the tray 262 are
spring-loaded to reduce gap and wobble and to maintain alignment. A pair of bumper
assemblies 316 are mounted to side plate 266 and side plate 268, respectively, for engaging the
substrate housing 60.

Referring to Figures 38 and 39, tray 262 is operatively engaged with a tray drive
assembly 280. Tray drive assembly 280 includes a tray stepper motor 282 secured t0 a motor
mounting plate 284 which is secured to base plate 242. Tray motor 282 is operatively engaged
with a gearbox 286 by a coupling 288. Tray drive assembly 280 is further provided with a pair
of bore reducers 289, 290 coupled to tray motor 282 and gearbox 286, respectiveiy. Gearbox
286 is mounted to a spacer block 287 which is mounted to base plate 242, and the gearbox 286
is operatively engaged with a drive pulley 291. A drive belt 292 is positioned about drive
pulley 291 and an idler pulley 294. Pulley 294 is mounted on a pulley shaft 296 which is
received within a bearing 298. Bearing 298 is mounted in an idler pulley bearing block 300

which is mounted to base plate 242,
A tray drive bracket assembly 302 is connected to belt 292 and tray 262. Bracket

assembly 302 comprises a lower bracket 304 having a tray position sensor flag 305 connected
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thereto and an upper T-bracket 306 Belt 292 is secured between brackets 304, 306, which are
connected to each other by a pair of screws 307. “The T-shaped end of upper bracket 306 is
connected to t‘ne undemde of tray side plate 266. Movement of the tray 262 is detected by
sensots 308, 309, and 310 mounted on base plate 242 l_n conjunction with the tray position
sét_xsor flag 305. .As .shom in Figure 39, each of the sensors 308-310 include side members
313a; 313b forming a chamel 313c aligned with the tray position sensor flag 305. A light

~ emitting diode (LED) (nét shom) or other light sou'rcg_ projects a beam of light within the

channel 313¢ from one s_igi;_e member 313a, 313b to the-other side member. As the drive belt
29_2 is rotated by the tray _1_;1_otor 282, _the tray position flag 305 travels along a linear path and
e\}éhtuaily travels between a channel 313c of one of the sensors 308-310. When the tray
position flag 305 is wnhm the channel 313c of a sensor, the light beam is interrupted thereby

"tripping" the sensor.

Each of the sensors 308-310 mclude electrical connections 313d for connectmg to

. corresponding wires (not :shown) for further connection to electrical control circuitry, described

below. In this manner, the relative position of the tray 262, and therefore the position of the
substrate housing 60 on the docking unit 240, is determined by when the sensors 308-310 are
tripped during activation of the tray motor 282. The sensors 308-310 are more specifically
referred to as tray ren'act_gd sensor 308, tray middle sensor 309 and tray inserted sensor 510,
identifying_thqrelative_pos_itions of the tray 262 and thus the substrate housing 60 -

Referring to Fig_mes 35, 37, 40, 41 -and 45, the docking unit 240 further comprises a
cam assembly 322. Cam assembly 322 comprises a left latch actuator cam 324, a right latch
actuator cam 326 and a pair of latch actuator cam crossbars 328, 330 connected to cam 324 and
cam 326. Carﬁ_324 has a slot 332 therein and a plurality of folle_r bearings 334 connected
thereto. Cam 324 is recgi_ved- and movable within a channel 336 within base plate 242 afld a
cam track 338 connected to base plat_e 242. | .

. As shown in Figures 40 and 45, a lef cam follower assembly 340 is- pivotally
cbnﬁected to the underside_. of tray 262. Cam follower assembly 340 comprises a cam arm 342
having a bearing 344 connected to the underside thereof by a screw 345 and a latch actuator pin
346 connected to the uppermost surface thereof. Bearing 344 is received within slot 332 and a
bearihg 348 is connected to pin 346 by a screw 349 which extends through bearing 348 and pin
346 into arm 342. ' -

Cam 326 has a slot 350 therein and a plurality of bearings 352 connected thereto. Cam

326 is received and ‘movable within a channel 354 within base plate 242 and a cam track 356
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connected to base plate 242. A rfght cam follower assembly 358 is pivotally connected to the
underside of bottom platé 264. Cam follower assembly: 358 comprises a2 cam arm 360 having a
bearing 362 connected to the underside thereof by a screw 363 and a latch actuator pin 364
connected to the uppermost surface thereof. Bearing 362 is received within slot 350 and a
bearing 366 is connected to pin 364 by a screw 367 which extends through bearing 366 and pin
364 into arm 360. |

Referring to Figures 41 and 45, docking unit 240 includes a cam drive assembly 368.
Assembly 368 comprises a latch motor 370 supported by a motor bracket 372 connected to
plate 242, Latch motor 370 is operatively engaged with a lead screw 374 by a coupling 376.
Lead screw 374 is received within a bearing 378 mounted in a bearing block 380 connected to
plate 242 and in threaded engagement with a nut 382. The opposite end of lead screw 374 is
received within a bearing 384 mounted in a bearing block 386. Nut 382 is secured to a nut
mounting tab 387 which is connected to cam crossbar 330. Tab 387 includes latch sensor flags
388a, 388D to engage an unlatch sensor 389 and a latch sensor 390, respectively. In particular,
as latch motor 370 is operated to unlatch or latch the door 120, latch sensor flag 388a interfaces
to trip the unlatch sensor 389 and the latch sensor flag 388b interfaces to trip latch sensor 390
in a similar manner as was described above for the tray position flag 305 and the sensors 308-
310. The sensors 389, 390 are connected to electronic control circuitry, described below,
which determines when the door 120 is latched or unlatched by tripping of the sensors 389,
390, respectively. A cover 391 may be provided for assembly 368 and may be connected to
plate 242,

Referring to Figures 38 and 42, the docking unit 340 further comprises a door drive
assembly 392. Door drive assembly 392 comprises a door stepper motor 394 which is
operatively engaged with a gearbox 396 by a coupling 398. Gearbox 396 is connected to a
mounting plate 402 and door motor 394 is secured to a motor mounting bracket 404 which is
secured to mounting plate 402. Door drive assembly 392 is further provided with & pair of bore
reducers 406, 408 coupled to door motor 394 and gear box 396, respectively. Door drive
assembly 392 is connected to post 246 by a drive assembly mounting plate 412 which is
connected to mounting plate 402 and post 246. A drive pulley 414 is operatively engaged with
gearbox 396 and a timing belt 416 is positioned about pulley 414 and an idler pulley 418. A
pulley adjustment plate 422 is connected to drive assembly mount 402 and has a pair of slots
424 therein for permitting the loosening of screws 426 and adjustment of belt 416.
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Referring to Figures 36-38 and 42-44, pulley 418 is operatwely engaged with a door
shaft 422 which extends through a bearing 424 received in a hole 426 in post 246. A door
sensor flag 427 is connected to shaft 422 for engaging a door closed sensor 428 when the door
1207s in a CLOSED position (Figure 43) and a door opened sensor 430 when the door 120 is
in the OPENED position (Figure 44). The sensors _42_8; 430 include channels for receiving the
door sensor flag 427 and are tripped in a similar manner as described previously for the sensors

308-310 and 389, 390. In this manner, the control c1rcu1try determines when the door 120 is

'OPENED or CLOSED.

Shaft 422 extends into and drives a kicker bracket 434. Kicker bracket 434 has an
upper kicker roller 436 mounted thereto by a roller shaft 438 and a lower kicker roller 442
mounted thereto by a roller shaft 444. A right kicker pivot shaft 446 is received within a round
to square bushing 448 which is mounted in a bearing -45.:2- received within a hole 454 in post
248. Pivot shaft 446 is connected to right kicker bracket 456. Kicker bracket 456 has an upper
kicker roller 458 connected thereto by a roller shaﬁ 462 and a lower kicker roller 464

- connected thereto by a roller shaft 466.

. Referring to Figures 35-38, a port door 468 is connected to left kicker 434 and right
klcker 456 by a port door mounting bracket 472. Port door 468 is positioned bétween kickers
434, 456 and mountmg bracket 472 and a plurality of screws 474 extend through bracket 472
and_door 468 into kickers 434, 456. Figure 36 is shown wi_thout the right side plate 256 for
purposes of illustration. A port area 470 is defined by the port door 468, the base piate 242, the
cover plate 244, the left side plate 254 and the right side plate 256. The port area 470 is in fluid
communication with the mini environment through the port opening 252 of the bulkhead 250.

It is noted that the port area 470 need not be tightly sealed since the pressure of the mini

environment is typically greater than the sun'oundmg of ambient air. Nonetheless, the port
door 468, the base plate 242, the cover plate 244, the left side plate 254 and the right s1de plate
256" separate the amble_nt air from the mini environment. An alternative embndxment is
envisioned where the port door 468 is not provided, but instead, another door means separates
the port arca 470, and thus the ambient air in the alterative embodiment, from the mini
environment. Such other door means would have to be opened to allow access of the interior
space 92 of the substrate housing 60 to the_hiinienviromneht. .The port door 468 is preferred,
since, as will be described more fully below, the door 120 of the substrate housing 60 and the
port door 468 are opened simultaneously to allow fluid communication and access of the
interior space 92, and thus the substrates 216, to the mlm environment. This is simpler than
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having to open two separate doors at different times to maintain integrity of the mini
environment. N o

As shown in Figures 35 and 36, the docking unit 240 may be provided with a housing
476 for the door drive assembly 392, a housing 478 for the tray drive assembly 280 and a
housing 477 for a power supply (not shown) for electronic control circuitry described below
and for the motors 282, 370 and 394. A button 480 having an internal button light 482 is
mounted atop housing 478. Further, housing 478 has a plurality of status lights 484, 486, and
488 mounted thereto adapted to exhibit the colors green, yellow, and red, respectively.

Referring to Figures 46-57, the interaction of docking unit 240 with substrate housing
60 will be described in greater detail. The right side plate 256 is not included in Figures 49 and
55 for purposes of illustration. Figures 46-48 illustrate the substrate housing 60 positioned atop
tray 262 with tray 262 in its RETRACTED position and housing door 120 in its CLOSED and
latched position. Substrate housing 60 is positioned atop tray 262 by rolling wheels 238 on
tray side plates 266, 268. Tray 262 is moved forward by tray drive assembly 280, thereby
positioning latch actuator pins 346, 364 adjacent to housing latches 162, 180, respectively, as
illustrated in Figure 51. In the MIDDLE position illustrated in Figures 49-51, housing door
actuator 130 engages kicker rollers 436, 442 and housing door actuator 136 engages kicker
rollers 458, 464. At this position, the port door 468, the kicker brackets 434, 456, the rollers
436, 442, 458 and 464, the door 120, the actuators 130, 136 and the bearings 138, 132 are set to
rotate about a fixed comumnon center of rotation (FCCR) 490.

Referring to Figures 48-54, lead screw 374 is thereafter rotated by latch motor 370 to
cause cams 324, 326 to move rearward, thereby pivoting cam actuator arms 342, 360 against
housing latches 162, 180, respectively, thereby unlocking housing door 120 as illustrated in
Figure 52. An outline of the passages 178, 196 and cotresponding slanted edges 177, 195 of
the latch assemblies 158 and 160, respectively, of the substrate housing 60 are also shown in
Figure 51. Thus, as the arms 342, 360 and corresponding actuator pins 346, 364 with bearings
34§, 366, respectively, are moved, the bearings 348, 366 éngage the edges 177, 195 to align the
substrate housing 60 oﬁ the tray 262, if the substrate housing 60 is not already aligned.
Furthermore, once the actuator pins 346, 364 and corresponding bearings 348, 366 are fully
inserted as shown in Figure 52, the substrate housing 60 is securely held to the tray 262. Door
drive assembly 392 théréafter rotates door shaft 422 which pivots kickers 434, 456, thereby
simultaneously opening port door 468 and housing door 120 by rotating about FCCR 490, as
illustrated by an arrow 491 and as shown in Figure 54. Note that the door 120 of the substrate
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housing 60 and the port door 468 of the dockmg unit 240 are opened s1multaneously Once in
the OPENED position, the interior space 92 of the subsu'ate housing 60 is in fluid

communication with the port area 470. and thus with the mini environment. It is noted that the

MIDDLE position may be thong_ht of as an intermediate or initial access position, where fluid
communication or access is prevented whﬂe the door 120 and the port door 468 are closed, and
such access is prov1ded when the doors 120, 468 are OPENED..

Refenmg to- Flgures 55-57, tray drive assembly 276 thereaﬁer moves tray 262 to an

INSERTED or lo_aded position to insert the substrate housing 60 inito the port area 470 and to

abut the substrate housing 60 against bulkhead 250. In this configuration, substrates 216

within substrate housing 60 may be directly accessed through bulkhead port 252 and robotic
 equipment or other instruments within the mini environment. It is noted that the bracket 434,
456 and rollers 458, 464 drive the rotation of the door 120, where the rollers 444, 464 forces

the actuators 130, 136 to rotate about the FCCR. The beanngs 132, 138 permit the actuators
130, 136 and the door 120 to smoothly complete the rotation.. As the substrate housing 60
moves to the IN SERTED. position, the door 120 remains stationary. The door 120 is thus kept
in a stowed position above the substrate housing 60 by the track 142, 146 and the rollers 458,
464. The abutment 152 prevents the door 120 from moving further. After processing of the

'subsu'ate housing 60, the procedure is performed in the reverse order to unload the substrate

housmg 60 and to close the door 120. _ |

Once the substrates 216 have been removed, changed, or otherwise acted upon, the
reverse operation may be engaged such that tray 262 is moved rearward to the MIDDLE
position. Door drive assembly 392: thereaﬁer pivots kickers 434 and 456 to simultaneously
move port door 468 and housing door 120 to the CLOSED position. Cams 324 and 326 are
thereafter moved forward to disengage pins 346 and 364 from latches 162 \and.__ 180,
respectively, thereby allowing latches 162 and 180 to return to the locked conﬁguraﬁon due to
the 'biasirlg of springs 165 and 183, respectively. _' Tray drive assembly 280 thereafter moves'
tray 362 to the RETRACTED position illustrated in Figures 46-48, thereby permitting the
substrate housing 60 to be removed from tray 362. _ _

Referring to Figures 58 and 59, perspective views are shown illustrating an upper
docking unit 240a stacked on top of a lower docking unit 240b. Although only two docking
units are shown sta_cked together, itis uhderstood_ that more;’ihan two can be stacked together in
this fashioo. The power suoply, housing 477 and the cover plate 244 of the lower docking unit
240a are removed. The feet,258 of the upper docking unit 240a are also removed. The base
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plate 242 is preferably designe& to replace the coverplate 244, effectively serving as an
intermediate or dividing plate in a stacked oonﬁguratiog The power supply within the housing
477 is connected to power the electronics of both docking units 240a, 240b. Of course, the
pow;er supply is configured to provide the necessary amount of power depending upon the
number of stacked units. Operation of each of the docking units 240a, 240b is essentially the
same or very similar to the docking unit 240 as described previously.

Referring now to Figure 60, a schematic diagram is shown of the electronic control
circuitry used to control the docking unit 240. The primary portions of the control circuitry are
preferably mounted on a printed circuit board (PCB) (not shown) located in housing 478.
Power is provided from a power supply (not shown) typically mounted in the housing 477.
The tray retracted sensor 308, the tray middle sensor 309, the tray inserted sensor 310, the door
opened sensor 430, the door closed sensor 428, the unlatch sensor 389, the latch sensor 390,
and the touch memory contacts 269 are connected to the control circuitry through commectors
Ja, J5, J6, J7, J8, 39, J10 and J11, respectively. Although not explicitly shown, electrical wires
are provided to electrically connect each of the sensors 308, 309, 310, 430, 428, 389, 390 and
the touch memory contacts 269 to the respective connectors J4-J11. Each of the connectors
J4-J10 preferably include three pins, where pin one is connected to. VCC, which is preferably
+5V. Pin three of each of the connectors J4-J10 is connected to ground and pin two is
connected through pull-up resistors 500 to VCC. Pin two of each of the connectors J4-J7 is
connected to the 1B, 2B, 3B and 4B inputs, respectively, of a quad 2 to 1 data multiplexer
(mux) 502, which is preferably the SN74157. Likewise, pin two of each of the connectors
J8-J10 and pin 1 of the conector J11 are connected to the 1B, 2B, 3B and 4B inputs,
respectively, of another quad 2 to 1 data mux 504, which is similar to the mux 502. .

Two four-bit DIP switch packages, SW1 and SW2, form an eight-bit addrese-referred to
as NODE ADDR for identifying the docking unit 240 relative to other, similar docking units,
depénding upon the bit positions of the respective dip switches of the switches SW1 and SW2.

'II.:e four output terminals of switch SW1 are connected through separate pull-up resistors 506

to VCC and are also connected to the 1A, 2A, 3A and 4A inputs of the mux 502. The four
output terminals of the switch SW2 are connected through separate pull-up resistors 506 to
VCC and are also connected to the 1A, 2A, 3A and 4A inputs, respectively, of the mux 504,

Pin two of the connector J11 is connected to ground and pin one provides a signal TM,
which is connected through a resistor 508 to VCC and to the collector of a transistor Ql.
Transistor Q1 is preferably a bi-polar 2N2222 type transistor or the like. A signal
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TCHMEMOUT is connected through a resistor 510 to the base of transistor Q1, havmg its
emitter connected to ground. "Ihls.forms a one wire bus using the TM signal between the touch

memory'. 103, When in electrical contact with 'the touch memory contacts 269, and a -

nucrocontroller 512 through pin 1 of the connector J. ll descnbed more fully below. The chip

' select inputs of muxes 502 504 are connected to ground and thelr /B inputs receive a signal

SEL When the SEL s1gnal is pulled low, the A inputs of the muxes 502, 504 are selected and
correspondmg s1gnals are provrded to their Y outputs and when the SEL srgnal is asserted high,
the B inputs are selected mstead _

The heart of the control c1rcmtry shown i in F igure 60 is a microcontroller 512, which is

-preferably the PIC 17C42 high performance eight-bit CMOS EPROM microcontroller by

Microchip Technology, Inc. The nncrocontroller 512 includes a six-bit A port identified by
signals RAO-RA5 an elght-btt B port ldentlﬁed by signals RB0-RB7, an etght-blt C port
identified by sxgnals RCO-RC7 an etght-btt D port 1dent1ﬁed by signals RD0-RD7 and a
three-bit E port RE0 REZ Several pins of the A-E ports are multiplexed with other signal
functions as known to those skilled in the art. For example, the RAQ and RA1 input pins
alternattvely serve as mterrupt mputs receiving signals. TRAYMTRFAULT and
DOORMTRFAULT respectwely, mdtcatmg errors of the tray motor 282 and the door motor

394, respectlvely Inputs RA4 and RAS preferably serve as receive (RX) and transmit (TX)

ports, respectively, connected to signals RECEIVE and XMIT, respectively, to implement
serial communications descnbed below. The 1Y, 2Y, 3Y and 4Y outputs of the mux 502
provides signals MUXO MUXI MUX2 AND MUX3, respectively to the RBO, RB1, RB2 and
RB3 inputs respectlvely of the mtcroconu'oller 512. Likewise, the 1Y-4Y outputs of the mux
504 provide srgtals MUX4-MUX7 to the RB4-RB7 mputs respectrvely, of the microcontroller
512. . _ . _ _

The tray motor 282 1s controlled through a srx-pm connector J13, where a srgnal
TRAYMTRSTEP i is asserted throughpin 1, 2 sxgnal TRAYMTRDIR is asserted through pin 2,
a signal RESETSTEPMTRS is asserted through pin 5 and the TRAYMTRFAULT signal is
asserted through pin 6 of the connector J13. The TRAYMTRSTEP TRAYMTRDIR, and
RESETSTEPMTRS s:gnals are provxded by the RCO RCI and RC4 output pins, respectrvely,
of the rmcrocontroller 512. Pins 3 and 4 of the connector J13 are connected to VCC. Ina
similar manner, ‘the door motor 394 is controlled through a six-pin connector J14, where
signals DOORMTRSTEP DOORMTRDIR, RESETSTEPMTRS and DOORMTRFAULT are
asserted through pins 1, 2,5 and 6, respectively, of the connector J14. The DOORMTRSTEP
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and DOORMTRDIR signals are provided by the RC2 and RC3 output pins of the
microcontroller 512, réspectively. Pins 3 and 4 of the cotiniector J14 are connected to VCC.
Although not explicitly shown, the connectors J13, J14 are connected to separate
step;:er motor drivers, which are further connected to the tray motor 282 and the door motor
394. The microcontroller 512 asserts the direction signals TRAYMTRDIR and
DOORMTRDIR to indicate the direction of the tray motor 282 and the door motor 394,
respectively, where the direction indicates either clockwise or counterclockwise rotation. The

microcontroller 512 asserts a pulse, preferably a -negative pulse, on the step signals

_ TRAYMTRSTEP or DOORMTRSTEP to advance the tray motor 282 or the door motor 394,

respectively, by one step in the direction indicated by the direction signals. The velocity and
acceleration of the tray motor 282 and the door motor 394 are dictated by the number of pulses
asserted on the TRAYMTRSTEP and DOORMTRSTEP signals in a given amount of time.
The TRAYMTRFAULT and DOORMTRFAULT signals are asserted by the motor drivers of
the tray motor 282 and the door motor 394, respectively, upon occurrence of fault or error
conditions detected by the respective stepper motor driver. The microcontroller 512 resets both
stepper motors.by temporarily asserting the RESETSTEPMTRS signal.

The RCS5 output of the microcontroller 512 provides a signal SONALERT, which is
provided through a resistor 514 to the base of a transistor Q2, which is preferably a 2N2222
n-channel bi-polar type transistor. The emitter of the transistor Q2 is connected to ground and
its collector is connected to one terminal of a speaker 516 having its other terminal connected
through a jumper 518 to VCC. In this manner, when the jumper 518 is installed, the
microcontroller 512 sends signals through the SONALERT signal to sound an alarm through
the speaker 516. The RC6 output of the microcontroller 512 provides the TCHMEMOUT
signal to send data to the touch memory 103 through the connector J11 when the touch
memory 103 is in electrical contact with the touch memory contacts 269. The TM signal is
normally pulled high through the resistor 508. The touch memory 103 sends data or otherwise
coinmunicates by pulling the TM signal low forming" one or more pulses. Likewise, the
microcontroller 512 sends data or otherwise communicates to the touch memory 103 by
asserting positive pulses on the TCHMEMOUT signél, which correspondingly grounds or
otherwise pulses the TM signal. The main software loop executed by the microcontroller 512
preferably polls the touch memory 103 by periodically asserting a pulse on the TCHMEMOUT
signal and then monitoring the TM signal to detect any responses by the touch memory 103.
This is referred to as presence detect, where the microcontroller 512 determines that the touch
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memory 103 as well as its assoeiated substrate housing 60 is present and placed on the tray 262

placing the touch memory 103 in electrical contact with the touch memory contacts 269.
Output pin RC7 of the m1crocontroller 512 provides the SEL signal to the muxes 502 and 504.
In this manner, when the SEL 51gnal is asserted low, the microcontroller 512 retrieves the

| NODE ADDR from sw1tches SW1 and SW2. through muxes 608 and 610 into B port pins

RBO-RB7 of the rmcroeontroller 512. If the SEL sxgnal is asserted high, the microcontroller
512 receives data ﬁom the sensors 308, 309, 310, 428, 430, 389, 390 and from the touch
memory 103.

The RDO pm of microcontrolier 512 is connected: to the cathode of a light emitting
diode (LED) CR1, which has its anode connected to VCC through a resistor 520. Similarly,

the RD! pin of the microcontroller 512 is connected to the cathode of another LED CR2,

having its ono_c_ie 'com_tect:e'd to VCC through another resistor 522. . The microcontroller 512

 indicates whether'-it is transmltung or teceiv_ing data by turning on the LED CR1 or the LED

CR2 through the RDO, RD1 pins, respectively, The RD2 and RD3 pins of port D of the
microcontroller 512 provide signals LATCHMTRA and LATCHMTRS to the IN1 and IN2
inputs, of an L298 dual full bridge motor driver 524. Output pins OUTI and OUT2 of the
motor driver 524 are connected to pins 1 and 2 respecuvely of a connector J19, which is further
conected to the tenmnals of the latch motor 370. Anodes of diodes D1 and D2 are connected
to the OUT1 and OU'_I‘2 outp_uts,_ re_spectxv_ely, of the _motox driver 524, where the cathodes of
the diodes Di, D2 are conoected_ to a tw_elve'volt power signal 12V. Cathodes of two similar

 diodes D3 and D4 are connected to the OUT1 and OUT?2 outputs, respectively, of the motor
driver 524, where the anodes of the diodes D3, D4 are connected to ground. It is noted that the

latch motor 370 is a DC electncal motor rather than a stepper motor. In this mafiner, the
rmcrocontxoller 512 controls the latch motor 370 through the LATCHMTRA ‘and
LATCHMTRB s1gnals .

The output pins RD4 RD5 and RD6 provxde signals GREEN LIGHT; YELLOW
LIGHT and RED LIGHT through resistors 526 528 and 530, respectively, to the bases of
trans1stors Q3 Q4 and Q5, respectwely The transxstors Q3, Q4 and Q5 are preferably bi-polar
2N2222 type tran315tors each having their emitters connected to ground. The collectors of the
transistors Q3, Q4 and QS are connected to pins 2, 3 and 4, respectively of a connector J12
where these pins are further connected to the green hght 484, the yellow light 486 and the red
light 488, respectiuely, fo_t pr_otzi_ding status indications to the operator of the docking unit 240
according to the present ixu/ention._ A signal BUTTONLGT is provided by the RD7 output pin
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of the microcontroller 512 and is also connected to the base of another transistor Q6 through a
resistor 532, where the transistor Q6 is also a 2N2222 bi-polar type transistor. The emitter of
the transistor Q6 is connected to ground and its collector is connected to pin 5 of the connector
J12; which is connected to the button light 482 within the button 480. A signal BUTTON is
connected to the RA2 pin of the microcontroller 512 and to pin 6 of the connector J12. A
pullup resistor 534 is connected between VCC and the BUTTON signal. The contacts of the
button 480 are connected between pin 6 of the connector J12 and ground, so that the BUTTON
signal is grounded while the button 480 is pressed. '

The RA4/RX pin of the microcontroller 512 is connected to the 1Y input of a mux 540,
which is similar to the muxes 502 and 504. The XMIT signal is asserted by the RA5/TX pin of

the microcontroller 512 to the D input of a serial port 536, which is preferably an SN75176B

capable of oont‘onnmg to the RS-485 standard serial communication, and also to the T1IN
input of a serial port 538, which is preferably a MAX232 conforming to the RS-232 standard
serial communications. The 1A output of the mux 540 is connected to the R input of the 485
serial port 536, which receives a signal XMITENABLE at its chip enable inputs provided from
the RE1 output pin of the microcontroller 512, The RE2 output of the microcontroller 512
provides a signal MAINTRCV, which is provided to the /B input of the mux 540. The 1B
output of the mux 540 is provided to the RIOUT inverted input of the 232 serial port 538. The
differential outputs A and B of the 485 serial port 536 are connected to pins 1 and 2,
respectively, of a 3-pin connector J2, having its third pin connected to ground. A six-pin
connector J3 is provided for connecting to a handheld portable input/output device for
performing manual maintenance functions to test operation of the docking unit 240. Pins 2
and 3 of the connector J3 are connected to the R1IN input and the inverted TIOUT output,
respectively, of the 232 serial port 538. _

The connector J2 is connected to a serial connector of a host computer 545, where the
485 serial port 536 facilitates RS 485 communications between the microcontroller512 and the
host computer 545. The 232 serial port 538 facilitates RS 232 serial communications with the
handheld maintenance device through the connector J3. Thus, transmit signals provided by the
microcontroller 512 on the XMIT signal are provided to both serial ports 536 and 538.
However, the microcontroller 512 lowers the MAINTRCYV signal in operational mode to
receive data from the 485 serial port 536 and ultimately from the host computer 545, and the
microcontrolier 512 raises the MAINTRCYV signal in a maintenance mode to receive data from
the 232 serial port 538 and ultimately from the handheld maintenance unit. The handheld
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rhaintenance unit allows manual manipulation of the docking unit 240 for maintenance and

testing purposes. |
The communication and data transfer protocol between the host computer 545, the

micTocontroller 512 of the docking unit 240 and the touch memory 103 will now be briefly
described. The touch memory 103 preferably includes several data fields containing
iﬁfofmation specific to the substrate hou§ing 60 and the substrates loaded within the substrate
housing 60. In general, the microcontroller 512 of the docking unit 240 provides an interface

for the host coniputér 545 for detecting the substrate housing 60 through the touch memory -
103, controlling movement of the substrate housing 60 and reading and writing data to and

from the touch memory 103 as controlled by the host computer 545. The host computer 545
controls operation by sending commands to the nmicrocontroller 512 to load or insert and
unload the substrate housing 60 and to retrieve and update"ihfoiniaﬁon within the touch

~memory 103.

The touch memory 103 preferably includes approx1mately 300 bytes of data separated

into fifteen data fields.. This information is preferably organized as shown in Table 1:
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Table 1: Contents of Touch Memory 103
Data Field# | Data Field Coitents | DataBytes ] CRC Bytes - End Addr
Total Start Addr Byte Cnt
1 Housing ID 15 2 25 0000 0018 18h
DoB 8
2 Last Clean Date 8 2 25 0020 0038 19h
Device Type 15
3 Route ID 4 2 23 0040 0056 17h
Work Step 4
Step ID 4
Next Toot 3
Operator D &
4 Siott Substrate ID 16 2 18 0060 0071 12h
5 Siot2 Substrate ID 16 2 18 0080 0091 12n
6 Siot3 Substrate ID 16 2 18 00AD 0081 12h
7 Sot4 Substrate ID 16 2 18 00C0 00D1 12h
8 Siot5 Substrate ID 18 2 18 00EC 00F4 12h
9 Siot6 Substrate ID 16 2 18 0100 0111 12h
10 Slot7 Substrate ID 16 2 18 0120 0131 12h
1" Siot8 Substrate ID 16 2 18 0140 0151 12h
12 Slot8 Substrate ID 16 2 18 0160 o171 12h
13 Slot10 Substrate ID 16 2 18 0180 0191 12h
14 Slot11 Substrate ID 16 2 18 01A0 0181 12h
15 Slot12 Substrate ID 16 2 18 01C0 0101 12h
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In general, data field 1 includes information specific to the substrate housing 60 itself,
such as its identification nurhb_er and origination date, data field 2 includes device type and
cleaning date information and data field 3 includes information of the history and status of the

 substrate housing 60. ‘Data fields 4-15 store information of the stibstrates loaded within the
| twelve slots of the substrate housing 60 In this manner,: the host computer 545 can identify

each of the substrates loaded within the substrate housmg 60 and retneve information
concerning the substrate housing 60 itself by readmg the contents of the touch memory 103.
The information further includes cyclic redundancy"che'ck' (CRC) bytes for performing error
detection, where a character generated at the transmlttmg temunal is matched wnh a character
at the receiving termirial as known to those skxlled in the art Alternative types of error
detection are contemplated, such as checksum or the like for determlmng the accuracy of the
data communicated. | | - _
Commumcatxon between the host computer 545 and the microcontroller 512 are
facilitated through use of the 485 serial port 536 for implementing RS 485 serial

" -communications. In general, the host cornputer 545 sends one of several commands to the

microcontroller 512 through the 485 serial port 536 ‘and the microcontroller 512 responds
according to the current conditions of the docking unit 240 and the substrate housing 60. Table

2 illustrates several operational commands sent by the host .computer 545 and the

corresponding responses provided by the microcontroller _5'-1'2:
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Table 2: Host computer 545 Commands and Docking Unit 240 Responses

Host Commands (Data) Responses from Docking Unit

Cmd Command Name Data Rsp Response Name
(hex) (hex) Data
1 Status request none 1 Not Present

2 Unipaded _

3 Loading/Unloading

4 Loaded

5 Error error code
2 Load none 20 Acknowledge Load none

21 “Error error code
3 Uniload none 30 Acknowiedge Unioad none

3 “Emor . error cade
4 Read Touch Memory Data Fieid | 40 Tag Data data filed

# #, data

41 Error eror code

5 Write Touch Memory Data Field || 50 Acknowledge Write none
#, Data

51 Ervor error code
6 Good Ack 60 None None
7 Bad Ack 70 None none

In this manner, the host computer 545 can determine the status of the substrate housing 60 by
sending a status request command to the microcontroller 512, which responds by indicating
whether the substrate housing 60 is present or not, and if present, whether the’ substrate
housing 60 is loaded, unloaded, or loading/unloading. Error information is also-pravided to
the host computer 545, if any. The host computer 545 sends a LOAD command to load the
substrate housing 60 and the microcontroller 512 responds with the appropriate message,
depending upon the state of the docking unit 240. Likewise, the host computer 545 sends an
UNLOAD command to unload the substrate housing 60 and receives a response similar to

that described about for the LOAD command.

The host computer 545 retrieves particular data from the touch memory 103 by
sending a READ DATA FIELD command and providing the data field number for the
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information desired. This corresponds to the information within the touch memory 103

descnbed in Table 1 above. The microcontroller 512 correspondmgly reads the information
from the appropriate data field within the touch memory 103 and transfers this mformatlon
to the host computer 545. . Similarly, after the substrates’ 216 w1thm the substrate housing 60
have been processed, the host computer 545_may de___sire to 'up'date the data field information
associated with the substrates 216 by sending .a WRITE DATA FIELD command to the
microcontroller 512 along thh the new touch memory data, which the microcontroller 512
writes into the touch memory 103. The read and write commands also provide error
messages indicating that the touch memory 103 is not present. It is understood that many
other types of commands and communication protocols are contemplated, the present
invention not being limited to any partlcular command strucmre or communication protocol.
The c_ommands sent by the host computer 545 and the reésponses of the

microcontroller 512generally conform to the following format: -

" Node Addr Cmd/Rsp Data Len - [data] - [data] " CRCL CRCH | CRCX

where each field preferably represents 1 byte lf information. The Node Addr field is the
first-byte sent and preferably has the most'sigrﬁﬁcant bit asserted high to indicate that it is a
NODE ADDR. The address for the host computer 545 is zero and valid addresses for the

‘substrate housing 60 are between 1 and 31 (decimal). The CMD/RSP field includes

hexadecimal codes for each of the commands described in table 2, or otherwise this field
indicates the corresponding hexadecnnal code for the response from the microcontroller 512.

The Data Len field specifies how many data bytes are included for those commands
requiring data. If no data is required for a message, the Data Len value will be zéro. The
data fields hold whatever data the particular command or response requires. F inally, three
CRC byt'es, including a low byte, a high byte and a third byte containing the MSBs (most
significant bits) of the prior two. bytes are sent for implementing CRC error thecking as
known to those skilled in the art. Alternatively, a checksum byte could be provided which is
calculated by adding the values of the bytes preceding it, neglecting any overflow and
clearing the MSB so that the byte is read as a data byte and not an address byte. It is

_ understood that the above protocol is chosen for purposes of sunplxcrty, although many other

types of appropnate protocols could be used. -
Referring now to Figure 61, a state diagram is shown lllustratmg the general

operation of the docking unit 240 according to the present invention. Transition into each
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state is determined by five input bits, including a WRONG bit indicating that a substrate
housing 60 placed on the docking unit 240 is thé incorrect substrate housing 60, an
UNLOAD bit indicating whether the docking unit 240 has received the corresponding
UNLOAD command from the host computer 545, a LOAD bit indicating whether the
docking unit 240 has received the corresponding LOAD command from the host computer
545, a BUTTON PRESSED bit indicating whether the operator has pressed the button 480 or
not, and finally a PRESENT bit indicating whether or not the substrate housing 60 has been
detected on the docking unit 240. Four output or status bits RED, YELLOW, GREEN and
BUTTON indicate the status of the system, where these bits are indirectly used to operate the
red light 488, the yellow light 486, the green light 484 and the button light 482 to indicate
the status to, or otherwise fo prompt action from, an operator of the docking unit 240. When
the BUTTON bit is set, the button light 482 blinks on and off to prompt the operator to press
the button 480, which is detected by the microcontroller 512 with the BUTTON signal. The
RED bit is set to turn on the red light 488 if an error is detected. The YELLOW bit is set to
turn on the yellow light 486 when the docking unit 240 is processing a loaded substrate

housing 60. The GREEN bit is set to turn on the green light 484 to indicated that the

docking unit 240 is operational. The input bits which cause the state change and the state of
the resulting output bits is shown next to the corresponding transition. An "X" inaicates
'don't care' where the state of the bit is not important. '

The docking unit 240 begins in a first state 1 which indicates that no substrate
housing 60 is present and that the docking unit 240 is ready to receive 2 new substrate
housing 60. It remains in state 1 while the PRESENT bit remains at logic 0 which indicates
that the touch memory 103 has not been detected. The green light 484 is turned-on and all
other status lights are turned off in state 1. When a substrate housing 60 is Ioad\ed onto the
docking unit 240 such that the touch memory 103 makes contact with the touch memory
contacts 269, the PRESENT bit is set to 1, and the docking unit 240 enters a state 2a,
indicating that the substrate housing 60 has been detected on the tray 262, and that there have
been no previous errors. The green light 484 remains on and all other status lights remain
off. Also, the button light 482 starts blinking to prompt the operator to press the button 480.

The docking unit 240 remains in state 22 as long as the touch memory 103 is detected and
the button 480 has not been pressed. The docking unit 240 returns back to state 1 if the
PRESENT bit is cleared indicating that the substrate housing 60 has been removed from the

docking unit 240.
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From state 2a, the docking unit enters state 3a if the button 480 is pressed while the
substrate housing 60 is still present. In response to the button 480 being ﬁre_ssed, the
microcontroller 512 controls the tray motor 282 to move the substrate housing 60 from the
RETRACTED to the MIDDLE position, as shown in Figure 49. The button light 482 is

'turned off while the substrate housmg 60 is moved. ‘When the substrate housing 60 reaches

the MIDDLE position, the button light 482 starts bhnkmg again to‘indicate that the substrate

| housing 60 can be removed from the docking unit 240. "While i in state 3a, the host computer

545 requests that the docking unit 240 read the information from the touch memory 103,
where the information is transmitted to the host computer 545 via the 485 serial port 536. In
this manner, the host computer 545 detgrmines if the correct substrate housing for the current
process is present. The docking unit 240 remains is state 3a until either the host computer

545 sends a LOAD command, where operation proceeds to state 4, or the operator decides to

remove the substrate housing 60 by-pressing. the button 480, where operation returns to state

2a, or the host computer 545 informs the docking unit 240 that the wrong suBstrate housing
is_ present, where  operation pfoceeds to state 3b.

| If the host computer 545 determmes that the wrong substrate housing is present, the
dockmg unit 240 enters state 3b, where the WRONG bit is set to logic 1. The green hght-
484 is turned off, the red light 488 is turned on and the ‘button light 480 is left blinkiz.g to
indicate to the operator that the wrong substrate housing is preSeht and should be removed.
Operation remains in state 3b until the button 480 is pressed indicating that the operator has
acknowledged the wrong substrate housing is present. When the button 480 is pressed, the
docking unit 240 enters state 2b from state 3b where the substrate housing 60 is moved to the
RETRACTED pbsition. The button li_ght 482 and the red light 488 are turned off. €peration

‘remains in state 2b while the wrong substrate housing 60 is present, but advances back to

state 1 when the substrate housing 60 is removed from the docking unit 240.. In this case, the
green light 484 is turned back on and the other status lights are turned off. —_
Referring back to state 3a, if it is determined that the substrate housing 60 i is correct
and if the LOAD command has been sent from the host computer 545, the docking unit 240
advances to state 4 where the substrate housing 60 is moved to the INSERTED position.
The yellow light 486 and the green light 484 are turned on and the red light 488 is left off.
State 4 indicates that the substrate housing 60 is being processed. The docking unit 240
remains in state 4 until ih_e UNLOAD command is sent from the host computer 545. At that
time, the docking unit 240 advances to state 5, where the substrate housing 60 is moved back
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to the MIDDLE position and the door 120 is CLOSED. In state 5, the yellow light 486 and
the green light 484 remain on and the button light 482 is blinking, thereby indicating to the
operator that the substrate housing 60 has been pmceséed and is ready to be removed. The
docEng unit 240 remains in state 5 until the button 480 is pressed, at which time the
docking unit 240 advances to state 6 where the substrate housing 60 is moved to the
RETRACTED position to allow removal from the docking unit 240, The yellow light 486
and the button light 482 are turned off and the green light 484 remains on in state 6. The
docking unit 240 remains in state 6 until the substrate housing 60 is removed from the
docking unit 240, at which time it returns to state 1.

| Referring now to Figures 62A and 62B, a flowchart diagram is shown illustrating the
main routine executed by the microcontroller 512 when the docking unit 240 is powered on.
Operation begins in an initialization step 550, where the microcontroller 512 and other
electronic devices are initialized. For initialization purposes, a message "NOT PRESENT" is
loaded into the status buffer in the event the Host computer 545 queries the status by sending
a status command, at which time the "NOT PRESENT" message will be sent to the host
computer 545. Operation proceeds to step 552, where the docking unit 240 verifies or
otherwise assures that the tray 262 is in the RETRACTED position. In the next step 554, the
PRESENT bit is monitored to determine if the substrate housing 60 is present on the docking
unit 240. Nommally, upon powerup, the substrate housing 60 will not be present and
operation proceeds to step 556, where a FIRSTTIMEPRES bit is set such that step 568 will
only be executed once each time a substrate housing 60 is placed on the docking unit 240.
From step 556, operation proceeds to step 558 where the button light 482 is turned off.
Operation proceeds to step 560, where it is determined whether there are any messages from
the host computer 545, and if so, operation proceeds to step 562 to process the messages:.
Message processing denotes receiving commands from and sending status information to the
host computer 545, as described previously. After processmg the message in step 562 or if
there were no messages as determined in step 560, operatxon returns back to step 554 to
determine if the substrate housing 60 is present. The main routine stays in this loop.
processing any messages sent by the host computer 545 until a substrate housing is placed on

to the docking unit 240.
When the substrate housing 60 is placed on the docking unit 240, operation proceeds

to step 564 where the FIRSTTIMEPRES bit is checked to determine if this is the first time
through the loop since the substrate housing 60 has been placed on the docking unit 240. If
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s0, operation proceeds to step 566 where the FIRSTTIMEPRES bit is cleared and then to
step 568 where the button light 482 is set to blink by alterriatively raising and lowering the

BUTTONLGT signal. From step 568 or if the FIRSTT—IMEPRES bit was clear in step 564, |

operation proceeds to step 570 to determine if the button 480 has been pressed.
In step 570, if the button 480 has not been.préssed;' operation proceeds to step 560 to

procéss any messages from the host computer 545 and operation remains in this loop until

 the substrate housing 60 is removed or when the button 480 is pressed. If the button 480 is

pressed, operation proceeds to step 572 where the button light 482 is turned off and then to
step 574 where the tray 262 is moved to the MIDDLE position by calling a MOVEMOTOR
routine, described below, to control the tray motor 282. Operation prbceeds to step 576 to
deténnine ifa 'I‘IMEOUT bit has been set. The TIMEOUT bit will be described more fully
below, but othemse indicates erroneous operatmn If the TIMEOUT bit has not been set,
operation proceeds to step 578, where the PRESENT bit is monitored to determine if the
substrate housing 60 is still present. This is a precautlonary step since the substrate housing
60 could still be physically removed until it is locked in place at the door OPENED position.

If the substrate housing 60 is still present, operation. proceeds to step 580, where a’
"UNLOADED" message is loaded into the status buffer to replace the "NOT PRESENT"

message indicating a new status of the system.
~ From step 580, operation proceeds to step 582, where the button light 482 is set to

blink to prompt the operator: of the system to press the button 480 in the event the operator
determines that the wrong substrate housing 60 has been placed on the docking unit 240.
Operation proceeds to step 584 to determine if the button 480 has beefx pressed. If the
button 480 has been pressed, the tray 262 is moved back to the RETRACTED position.
Thus, the operator presses the button 480 in the event that it is determined that the wrong
substrate housing 60 has been placed on the dockmg unit 240

_ If the button 480 has not been pressed as determined in step 584, operaticn proceeds
to step 586 to determine,_if_ there are any messages or commands from the host computer 545,
and if so, opefation p_roqeeds to step 588 to process ihe message or command. At this point,
the host computer 545 either queries the docking unit _'24_0 by sending a STATUS REQUEST
command, or otherwise sends a LOAD command to.load the substrate housing 60. After the
substrate housing 60 is loaded and processed, the host computer 545 eventually sends an
UNLOAD command to unload the substrate housing 60. It is noted that the host computer

545 controls whether the substrate housing 60 is loaded into the docking unit 240 or not,

32

<



10

15

20

25

30

2

WO 96/11524 PCT/US95/13519

rather than the operator of the system. Operation proceeds from step 588 to step 590 to
determine if the TIMEQUT bit has been set indicating an error. If a timeout is detected in
step 590, operation proceeds to step 592, where a LOADED bit is checked to determine if
the substrate housing 60 is loaded or not. If the substrate housing 60 is loaded, operation
loops back to step 586 to process any further messages. If no messages or commands are
received from the host computer 545 as determined in step 586, operation proceeds directly
to step 592. If the substrate housing 60 is not loaded, operation loops back to step 584 to
determine if the button 480 is pressed or not. While the substrate housiﬁg 60 is loaded,
operation loops through steps 586 to 592 while the substrate housing 60 is being processed.
Before the substrate housing 60 is loaded or after it is unioaded, operation loops through
steps 584 to 592 until the button 480 is pressed. These main loops are exited if the
TIMEOUT bit is set indicating erroneous operation, where operation proceeds to step 602 to
enter maintenance mode.

If the button 480 is pressed as determined in step 584, or if the substrate housing 60
was not present as determined in step 578, operation proceeds to step 594 where the button
light 482 is turned off and then to step 596 where the "NOT PRESENT" message is loaded
into the status buffer. Operation then proceeds to step 598 where the tray 262 is moved to
the RETRACTED position. In this case, the substrate housing 60 has either been removed or
the button 480 was pressed to retract the substrate housing 60. Operation then proceeds to
step 600 to determine if a timeout has occurred, and if not, operation returns back to step 554
to start the main loop again. If a timeout has occurred in steps 576, 590 or 600 indicating an
error condition, operation proceeds to step 602 to switch to maintenance mode indicating
that the docking unit 240 is not operating correctly, and maintenance is requiré& by an
operator. Operation remains in step 602 until the docking unit 240 has been repaired and

' returned to an operational mode, at which time operation proceeds back to the main loop

.,

beginning with step 554.
" Referring now to Figure 63, a flowchart diagram is shown illustrating a procedure
executed by the microcontroller 512 when the substrate housing 60 is in the MIDDLE
position on the docking unit 240 and the host computer 545 sends the LOAD command to
Joad the substrate housing 60 onto the docking unit 240. Operation begins at step 658 where
the latch motor 370 is operated to unlatch the door 120. Operation proceeds to step 660
where the unlatch sensor 389 is monitored to determine when the door 120 is unlatched.
Until the door 120 becomes unlatched as determined in step 660, operation proceeds to step
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662 to determine whether a timeout has occurred as indicated by the 'i'IMEOUT bit. Ifa
timeout does not occurred, operation proceeds back to step 660 and operation loops between
steps 662 and 660 until either a timeout occurs or until the door 120 is unlatched. If a

timéout should occur before the door 120 is unlatched, an etror condition is indicated and

- operation proceeds to step 664 where the microcontroller 512 enters the maintenance mode.

If the door 120 becomes unlatched in step 660 before a timeout occurs, operation
proceeds to step 666 where the door motor 394 is operated to open the door 120. As will be
described more fully below, this step' loads certain parameters and then instructs the
microcontroller 512 1o c._:,é_ull, _and execute:the MOVEMOTOR routine for 6perating the door
motor 394. As will be described below, the MOVBM_‘OTOR routine is used to control all

 stepper motors, including the door motor 394 and. the tray motor 282. If an error occurs

during operation of a stepper motor, a JAM bit is set indicating that an error has occurred.

When operation retumns from the MOVEMOTOR routine in step 666, operation proceeds to

step 668 where the JAM bit is monitored to determine if the door 120 has been properly

OPENED If the JAM bit is set in step 668, opératidn préceeds to step 664 to enter the

mamtenance ‘mode. Other\mse, operauon proceeds to step 670. Here, the parameters are

_loaded for operating the tray motor 282 to insert the substrate housmg 60 to the INSERTED

position and the MOVEMOTOR routine is again called. The JAM bit is set if operation
terminates abnormally. Operation proceeds to step 672 ffom-'step 670 where the JAM bit is
monitored. If the JAM bit is set indicating erroneous op.erati_on? operation proceeds to the
maintenance mode step 664. Otherwise, tray 262 is in the INSERTED position so that the
substrate housing 60 is loaded and operation procéeds- to- step 674, where a message
;'OPERAI'ION COMPLETE" message is sent to the host computer 545, and ﬂi‘é' LOAD

routine returns operation back to the MAIN routine. -

Referring now to Figure 64 a flowchart diagram' of an UNLOAD routme is shown
whxch is executed by the microcontroller 512 when the substrate housmg 60 is lcaded on the
docking unit 240 and the host computer 545 sends an. UNLOAD command to unload the
substrate housing 60. Operation begins in step 692 whére'-pairamete'rs are loaded to operate
the tray motor 282 to move the substrate housing 60 from the INSERTED position to the

~ MIDDLE position. and again, the MOVEMOTOR routine is called. Operafion proceeds to

step 694 where the JAM bit is checked to determine if the substrate housing 60 has been
successfully removed. If the JAM bit is set in step 694, operation proceeds to step 696 to
switch to the maintenance mode indicating erroneous operation. If the JAM bit was not set
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as determined in step 694, operation proceeds to step 698 where the door 120 is CLOSED by
setting the appropriaté parameters for operating th8 door motor 394 and calling the
MOVEMOTOR routine. Operation proceeds to step 700 where the JAM bit is checked.
Aga;n, if the JAM bit is set in step 700, operation proceeds to the maintenance mode step
696. Otherwise, operation proceeds to step 702 where the latch motor 370 is operated to
latch the interface door 120. Operation then proceeds to step 704 where the unlatch sensor
389 is checked to determine if the door 120 is unlatched or not. If not, operation proceeds to
step 706 to determine whether the TIMEOUT bit has been set indicating erroneous
operation. If not, operation proceeds back to step 704, where operation loops between steps
704 and 706 until the door 120 is latched or a timeout occurs. If timeout occurs in step 706,
operation proceeds to the maintenance mode step 696, Otherwise, if the door 120 is latched
before tiﬁleoug occurs in step 704, operation proceeds to step 708 where the "OPERATION
COMPLETE" message is sent to the hdst computer 545, and operation is returned to the
MAIN routine.

Referring now to Figures 65A and 65B, a flowchart diagram is shown illustrating the
MOVEMOTOR routine executed by the microcontroller 512 to operate both the tray motor
282 and the door motor 394. In the preferred embodiment, only one of the stepper motors is
controlled at any given time. Operation begins in step 710 where several parameters or
registers are cleared, including a VELOCITY register indicating the speed of a stepper
motor, a STEPCOUNT register indicating the number of steps travelled by the stepper
motor, a STEPREG for accumulating velocity values for controlling velocity and
acceleration of the stepper motor and a SEGMENTNUM register indicating which of
multiple segments is being performed at.a given timé, a complete move being m;;le up by

. these segments. In general, the MOVEMOTOR routine controls the respective stepper

motor to accelerate from zero velocity to a predetermined velocity during a first segment, to
remam at the predetermined velocity during a second segment, and to decelerate back to zero
velocity during a third segment.

In the next step 712, several parameters are retrieved for the first segment of motion.
where these parameters include a STEP THRESHOLD value for comparing velocity, a
VELOCITYINC value for incrementing the VELOCITY register, a TOTAL STEPS value
indicating the total number of steps a stepper motor should travel during the current segment,
a T12 PERIOD value for loading into a period register and for comparison with a counter
register causing an interrupt to call a TI12ISR interrupt handling routine, described below. an
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ENDVELOCITY value indicati‘}e of the maximum or minimum predetecrnined constant
velocity for a given segment, and a motcr control byte or value comprising several bits,
including an ACCEL bit to indicate whether_a stepper motor is accelerating or decelerating, a
CHANGE SPEED bit to indicate whether the velocity is changing or is constant, and a
LAST SEGMENT bit which is used to indicate that the segment in which it is set is the last
segment of the move. e

In the next step 713, the JAM bit is clear_ed and then operation proceeds to step 714

where the timeout routine, described below is set up. for performing timing functions.

- Operation proceeds to step 715 where a NEARFLAG bit and a FLAGSLOT bit are both

cleared. Each of the phys1ca1 ﬂags 305, 427 for the corresponding stepper motors 282, 370
preferably includes a center slot_for purposes of control. . The ﬁ_rst time a ﬂag breaks the light

Beaz_n of the_.ccrres_ponding sensor, thereby tripping that sensor, it is known that the

movement of a motor is near completion. The beam is then unbroken when the flag slot is
reached, so that the sensor is no longer tripped. If the motion continues until the sensor is
again tripped on the far side of the physical slot, motion is immediately terminated since the

maxxmum desired travel or dlsplacement has occurred

In the next step 716, the SEGMENTNUM register is incremented to be ready to
retrieve the parameters for the next segment and in the followmg step 717, the T12 PERIOD
value is loaded into a PERIOD reglster and penodxcally compared to a counter register to
determine how often to call a TI2ISR routine, descnbed below. In particular. the counter
register counts up from zero after the period register is loaded until the value in the counter
register equals the value in the hei'iod register, at wh_i_ch time an interrupt is generated by the
microcontroller 5 1.2, which respondingly executes the TliISR routine. In the next step 718,

: the current T12 and T3 interrupt requests are cleared and then the T12 and T3 interrupts are

enabled in step 720 to allow the interrupt routines to be executed.
Opcration_.proc’eeds to step 721 where a NEWSTEPCOUNT bit is monitored to

determine if the respective 'stepper motor has received a pulse to increment it another step. If

the NEWSTEPCOUNT bit is cleared, operation remains in. step 721 until the

NEWSTEPCOUNT bit is set. Since the T12 interrupt has been enabled, this bit is eventually
set in the T12ISR routine. When the NEWSTEPCOUN_’_T bit is set, operation proceeds to
step 722 where the NEWSTEPCOUNT bit is cleared_e_r:xd__then to step 723 to determine
whether the niode of 'oper.atior_ll is operational or r.n_a_.inter-ia_pce.: If the operational mode is
indicated, operation proceeds to step 724 to determine if t_he sensor corresponding to the
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current stepper motor being controlled has been tripped indicating that movement is near
completion. If the sensor has not been tripped, operation proceeds to step 725 where it is
determined whether or not the NEARFLAG bit has been set. If so, then the motion must
haveﬁproceeded to the point where the slot in the physical flag has reached the sensor, and
the FLAGSLOT bit is set in step 726. '

If the NEARFLAG bit has not been set as determined in step 725 or after the
FLAGSLOT bit is set in step 726, operation proceeds to step 727, where the value in the |
STEPCOUNT register is compared with the TOTAL STEPS parameter. Step 727
determines whether the current segment is finished, and if not, operation proceeds back to
step 721 to determine whether the NEWSTEPCOUNT bit has been set or not. Referring
back to step 727, if the value in the STEPCOUNT register becomes greater than or equal to
the TOTAL STEPS parameter, operation proceeds to step 728 to monitor the LAST
SEGMENT bit within the motor control Byte to determine if operation is completed. If not,
operation proceeds to step 729, where the STEPCOUNT register is cleared and then to step
730 to get new parameters for the next segment as was done for the first segment in step 712.

Operation then proceeds to step 731, where the SEGMENT NUM value is incremented to
prepare the next segment. From step 731, operation returns to step 721.
Referring back to step 724, if the sensor has been tripped, operation proceeds to step

. 732 to determine if the NEARFLAG bit has been previously set or not. If not, then the

physical flag has just tripped the sensor and the NEARFLAG bit is set in step 733, and
operation proceeds to step 727. If the NEARFLAG bit was previously set as determined in
step 732, then operation proceeds to step 734 to determine whether the physical flag has
gone past the slot. If the FLAGSLOT bit was previously set as determined in step 734, then

_ operation proceeds to step 735 where the TI12 interrupt is disabled and a

MOVEMTRENABLE bit is cleared to turn off the stepper motor and stop motion since
operation is complete. The routine then exits to the calling routine. If the FLAGSLOT bit
was not previously set as determined in step 734, indicating that the sensor has not reached
the slot, then operation proceeds to step 727.

Referring back to step 728, if the LAST SEGMENT bit is set, operation proceeds to
step 736 to determine whether the mode is operational or maintenance. If maintenance
mode, operation proceeds to step 735 to stop the stepper motor and exit. Otherwise, if in
operational mode as determined in step 736, operation proceeds to step 737 to determine if
the NEARFLAG bit was previously set. If so, then operation proceeds to step 738 to

37



10

15

20

25

30

" WO 96/11524 | PCT/US95/13519

determine if the FLAGSLOT bit has been previously set, and if not, then the TIMEQOUT bit
is monitored in step 739 to determine if an error has occurred. If the TIMEOUT bit has not
been set, operation returns back to step 721. -However, if the NEARFLAG bit was not set as
determined in step 737 or if the TIMEOUT bit was previously set as determined in step 739,
then operation proceeds to step 740 to set the JAM bit indicating erroneous operation. From
step 740 or if the FLAGSLOT bit was determined as being set in step 738, operation
proceeds to step 735, described above. .

- Referring now to Figure 66, a flowchart diagram is shown illustrating operation of
the T12ISR interrupt haqdhng routine. In general, the T12ISR routine performs the actual
stepping of the respective stepper motor being dnven Operation begins in step 750 where
the STEPREG register is incremented by the value in the VELOCITY register. Operation
proceeds to s;_eﬁ 752 where the. value in the STEPREG. .register is éompared to the
STEPTHRESHOLD value. If the value in the STEPREG register is greater than or equal to
the STEPTHRESHOLD value, then it is determined that a pulse should be applied to the step
input of the stepper motor to advance the motor by one step. - If so, operation proceeds to step
754, where the STEPREG register is decreased by the STEPTHRESHOLD value. In
general, the STEPREG register represents an energy value for determining the speed of the
particular stepper motor being controlled, by controlling how often the motor is pulsed.
Qperaﬁon proceeds to step _7_56'wher_e a pulse is applied to the step input of the stepper motor
to advance it one step. Note that a pulse is applied either to the TRAYMTRSTEP or
DOORMTRSTEP signals depending upon which particular stepper motor is being

controlled. The next step 758 increments the STEPCOUNT register indicating that the
| stepper motor has been advanced by one step. Operation proceeds to step 760 wriere the

NEWSTEPCOUNT blt is set and then to step 762 where the T12 interrupt request and the
counter register are both cleared. Referring back to step 752 if the STEPREG register has
not yet become equal to the STEPTHRESHOLD value, operation proceeds immediately to
step 760. From step 762 operation returns.to the calling routine.

Referring now to Figure 67, a flowchart diagram is shown _illustratiﬁg operation of
the T3ISR routine for controlling the acceleration or deéel_eration of a particular stepper

motor. Operation begins in step 770, where the MOVEMOTOR flag is monitored to

* determine whether a stepper motor is being controlled. If a stepper motor is being

controlied, operation proceeds to step 772, where the CHANGE SPEED bit of the motor

control byte is checked to determine whether the. velocity' is constant or to be changed
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(indicating acceleration or deceleration). If the velocity is not constant, operation proceeds
to step 774 where thgfé__,CCEL bit is monitored to determine whether the stepper motor is
being accelerated or &éé:elerated. If the stepper motor is being accelerated, operation
proceeds to step 776, where it is determined whether the value in the VELOCITY register is
greater than or equal to the END VELOCITY value minus the VELOCITYINC value. This
step assures that the velocity will not be increased above the END VELOCITY value. If the
value in the VELOCITY register is less than the END VELOCITY value minus the
VELOCITYINC value, operation proceeds to step 778 where the VELOCITY register is
incremented or increased by the VELOCITYINC value and operation proceeds to step 792,
described below.

Referring back to step 776, if the value in the VELOCITY register is greater than or
equal to the END VELOCITY value minus the VELOCITYINC value, then operation
proceeds to step 784, where the VELOCITY register is set equal to the END VELOCITY
value. Operation then proceeds to step 786 where the CHANGE SPEED bit is cleared since
the end velocity of the stepper motor has been achieved for the particular move segment and
operation proceeds to step 792.

Referring back to step 774, if the ACCEL flag is cleared indicating that the stepper
motor is decelerating, operation proceeds to step 788, where it is determined whether the
value in the VELOCITY register is less than or equal to the END VELOCITY value plus the
VELOCITYINC value. Here, it is determined whether a decrease of the velocity would go
below the minimum velocity desired, which is represented by the END VELOCITY value.
If so, operation proceeds to step 784 where the VELOCITY register is set equal to the END
VELOCITY value. Otherwise, the VELOCITY register is decremented by the

VELOCITYINC value in step 790 and operation proceeds to step 792.

Referring back to step 770, if a MOVEMTRENABLE bit is not set, or if iﬁ step 772
it is determined that the CHANGESPEED bit is not set, indicating a consiant speed,
operation proceeds to step 792 to determine if the timeout routine is enabled indicating
whether an operation is being timed. Usually, the timeout routine is enabled to operate as a
watchdog type timer when a motor is being operated to prevent operation from continuing
indefinitely. Also, the timeout routine could be used to determine whether a predetennixied
period of time has elapsed. If timeout is enabled as determined in step 792, operation
proceeds to step 794 to execute timeout code which sets the TIMEOUT bit if a
predetermined amount of time elapses since the timeout was enabled. Then, operation
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proceeds to step 780 from step 794. If the timeout is not enabled in step 792, operation
proceeds directly to s_tép 780, where the T3 interrupt réquest is cleared and operation returns
to the calling routine. | | | _ __
_ Although the method and apparatus of the presént invention has been described in
connection with the preferred embodiment, it is not intended to be limited to the specific
_ form set forth ‘herein, but on the contrary, it is. intended to ‘cover such alternatives,
modifications, and equivalents, as can be reasonably included within fhe spirit and scope of

the invention as defined by the apperided claims.
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1. A housing for mamtammg a plurality of substrates in a substantially clean
envi;omnent, comprising:
a box having an interior space and an opening at one end;

" a plurality of combs integrally mounted within said box for slidably receiving and
supporting said plurality of substrates within said interior space and maintaining each one of
said plurality of substrates in spaced relauonshxp relative to another one of said plurality of
substrates;

a door assembly mounted adjacent said opening of said box for covering said opening
when said door assembly is in a closed position and for permitting access to said interior

space when in an open position.

2. The housing of claim I, wherein said plurality of substrates are flat panel
displays.

3. The housing of claim 1, wherein each one of said combs includes a plurality
of spaced shelves extending outward therefrom.

4, The housing of claim 3, wherein each of said shelves have a flat upper
surface and a lower surface which tapers outwardly fromi a forward end.

5. The housing of claim 3, wherein said plurality of combs are aligné:c'l so that

_ said shelves on each of said combs are aligned with a corresponding shelf on another one of

sideombs. | AR ) R

6. The housing of claim 1, wherein said door assembly comprises:

a door;

pivot means mounted to said door for allf)’iwing pivotal movement of said door
relative to said box; ;

a latch assembly for holding said door in said closed position; and

a seal for sealintg said opening of said box with said door for separating said
substantially clean environment from ambient air when said door is in said closed position.
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7. The housing of claim 6, further comprising:
a track assembly mounted to said box for slidably engaging said pivot means to
permit translation movement between said box and said door after said door is pivoted to

said open position.

- 8. The hc'msing of claim 7, further comprising:
said track assembly including a channel, and further including an abutment at one end
for interfacing said pivot means when said door is in said closed position and for providing
support for pivotin:g. said door to said open position; and |
said pivot means in_ciu_ding at least one bearing mounted to said door, wherein said
bearing engages said abutment to facilitate pivoting said door and wherein said bearing
slidably moves _within said channel of said track to facilitate said translation movement.

9. The housing of claim 6, wherein said seal comprises:

an O-ring;

a front panel having an opening for aligning with said opening, said front panel
further including a circular groove about its perimeter for receiving said O-ring;

mounting means for mounting said front panel to. said top, bottom, right and left
panels compressing said O-ring creating an airtight seal;

aspongy seal;and | _

said door further including a circular groove about its perimeter for receiving said
spongy seal, wherein said door compresses said spongy seal between said door and said front

pane] creating an airtight when said door is in said closed position.
10. | The housing of claim 9, further comprising:
said front panel including a sharp edge engaging said spongy seal when said door is

in said closed position.

11.  The housing_ of claim 6, wherein said_ door is pivotally opened and slidably

moved to a stowed position adjacent a top side of said box.

12.  The housing of claim 1, wherein said box further comprises a plurality of

panels including a left panel, a right panel, a top panel, a bottom panel and a rear panel, and
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wherein said left and right panels mate with said top and bottom panels using a lip and

'

groove interface.

13.  The housing of claim 12, wherein said left and right panels are chemically
bonded to said top and bottom panels to create an airtight seal.

14.  The housing of claim 12, further comprising:

an O-ring;

said rear panel including a circular groove about its perimeter for receiving said O-
ring; and

mounting means for mounting said rear panel to said top, bottom, right and left
paneis compressing said O-ring to form an air tight seal.

15.  The housing of claim 1, wherein said box comprises a polycarbonate material.

16.  The housing of claim 1, further comprising:
a memory device mounted to said box for storing information of said substrates

within said box.

17. The housing of claim 16, wherein said information stored in said memory
device includes identification and history of said substrates.

18. A docking unit for receiving a housing containing articles and for

manipulating the housing to allow access of the articles while in the housing, the housing

including a door and an interior space for holding the articles, the docking unit comprising:

a bulkhead assembly defining a port area; -~

a tray assembly mounted to said bulkhead assembly for receiving the housing and for
aliowing horizontal movement of the housing between an initial access position adjacent said
bulkhead assembly and an inserted access position within said bulkhead assembly while the
housing is on said tray assembly; and

a door drive assembly mounted to said bulkhead assembly for interfacing the door of

the housing when the housing is in said initial access position and for opening and closing
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the housing door, wherein the interior of the housing is in fluid communication with said

port area when the housing door is open.

— 19. The docking unit of Qlaim 18, wherein said bulkhead assembly further
comprises: | o |

* a bulkhead plate having an opemng for allowmg fluid commumcatlon with said port
area; and

a plurality of side plates mounted to said bulkhead plate for defining said port area.

20.  The docking unit of claim 18, wherein said tray assembly comprises:

guide means; |

a tray for receiving and holdmg the housing, said tray slidably engaging sald guide
means; .
drive pulley means operaﬁvely engaged' with said tray;
a gearbox oﬁeratively engaging said drive pulley means; and
a tray motor operatively engagéd with said geai'qu for moving the housing between

said initial and said inserted access positions.

21.  The docking unit of claim 20, further comprising:

said tray assembly further including a retracted positio'n for laterally receiving the
housing before the housing is moved to said initial access'pbsition;-

a tray location flag mounted to said drive pulley means indicative of the position of
saldtray, . ' o g

a tray retracted sensor posmonecl to interface said tray location flag when- sald tray is
in said retracted position; ' |

a tray middlé_ sensor positioned to interface said tray location flag when said tray is in
said initial access position;

a tray inserted sensor positioned to mterface said tray location flag when said tray is
in said inserted access posmon, and

a controller coupled to said tray motor and said tray sensors, said controller receiving

signals from said tray sensors and controlling said tray motor to control the position of said

tray.
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22.  The dacking unit of claim 20, wherein said tray assembly further comprises:

said guide means tomprising rails; and

bearings mounted to said tray for rollably engaging said rails.

23.  The docking unit of claim 18, wherein said door drive assembly comprises:
* pivot means for interfacing the door of the housing; and
a door motor operatively engaging said pivot means for pivotally opening and closing

the housing door.

24.  The docking unit of claim 23, further comprising:

a door flag mounted to said pivot means indicative of the position of said door motor;

a door plosed sensor positioned to interface said door flag when said tray is in said
initial access position and the housing door is closed;

a door opened sensor positioned to interface said door flag when said tray is in said
initial access position and the housing door is open; and

a controller coupled to said door motor and said door sensors, said controller
receiving signals from said door sensors and controlling said door motor to open and close

the housing door.

25.  The docking unit of claim 23, wherein said pivot means includes:
a port door pivotally connected to said bulkhead assembly for enclosing said port

area when in a closed position.

26.  The docking unit of claim 25, wherein said pivot means further inclydes:.
a door shaft mounted to said port door; and
a gearbox operatively engaged with said door shaft and said door motor.

27.  The docking unit of claim 25, wherein the housing includes a door actuator
assembly connected to the housing door which operatively engages said port door when the
housing is in said initial access position, wherein said door drive assembly simultaneously

opens and closes said port door and the housing door. e _
Sheet Has Been Reﬁaced
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said door actuator assemblj being pivotally connected to the housing; and
wherein said door drive assembly includes a pivotal key'-operated actuator which
operatively engages said door actuator assembly when the .hoﬁsing is in said initial access

position.

29, The docking unit of claim 18, wherem the housing mcludes a latch for
locking the housing door, said docking unit further compnsmg
a cam follower assembly mounted to said tray assembly and operativ‘ei’y engaging the
latch of the housing for locking and unlocking the housing door while -in said initial access
position; and ' '
a cam assembly mounted to said bulkhead assembly and operatively engaging said

cam follower as‘_s'embly;

30. The docking unit of claim 29, fufther-compﬁsing:

said cam assembly including a cam motor operétively engaging a cam, wherein said
cam engages said cam follower assembly; ' |

| a latch flag operatively engaged with said cam assembly having a position mdlcanve

of the position of said cam; -

a latch locked sensor positioned to interface said latch flag when said tray is in said
initial access position and the housing door is locked;

a latch unlocked sensor positioned to interface said latch flag when said tray is in said
initial access position and the housing door is unlocked; and

a controller coupled to said cam motor and said latch sensors, said controller
receiving signals from said latch sensors and controllin'g- said cam motor to lock and unlock
the housing door. |

-,

31.  The docking unit of claim 18, wherein the housing includes a memory device

mounted to the housing for storing information of the articles within the housing, said

docking unit further comprising:
a communication link mounted to said tray assembly for electrically interfacing said
memory devxce when the housing is placed on said tray assembly; and

a processmg system electrically coupled to said communication link, wherem said

processing system detects the presence of saxd memory device and the housing when placed
‘This Sheet Has Been Rei
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on said tray assembly, wherein said processor system thereafter retrieves said stored

information from said memory device.

" 32,  The docking unit of claim 31, wherein said information stored in said memory
device includes identification and history of the articles in the housing.

33.  The docking unit of claim 31, wherein said memory device comprises a touch

memory and wherein said communication link comprises a one wire bus.

34.  The docking unit of claim 31, further comprising:

said tray assembly further including a retracted position for laterally receiving the
housing before the housing is moved to said initial access position; and

said processing system being electrically coupled to control said tray assembly and
said door drive assembly and further electrically coupled to said communication link,
wherein said processing system periodically polls said communication link for determining
the presence of said memory device and the housing and wherein said processing system

moves the housing to said initial access position upon detecting the presence of the housing.

35.  The docking unit of claim 34, further comprising:
a button coupled to said processing system; and
wherein said processing system moves the housing to said initial access position from

said retracted position when the housing is detected present and after said button is pressed.

36.  The docking unit of claim 35, further comprising: .

said button including a button light mounted within and coupled to said processing
system, wherein said processing system blinks said button light to prompt a iiser of the
docicing unit to press said button after the housing is placed on said tray assembly.

37.  The docking unit of claim 35, wherein said processing system comprises:
a controller including a second communication link; and '
a host computer coupled to said controller through said second communication link,

wherein said host computer queries the controller for the status of the housing, whege_i_n said

- -
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controller respondingly indicates whether the housing is present and if so, the position of fhe

housing on the docking unit.

~ 38.  The docking unit of claim 37, wherein said host computer sends an insert
command to the controller when the housing is in said initial access posmon, wherem said
controller respondmgly opens the housing door and places the housing in said mserted access

position.

39.  The docking unit of claim 37, wherein said host computer further queries said
controller about the articles in the housing and said controller respondingly retrieves said

information from said memory device and provides sald information to said host computer.

40.  The docking unit of claim 37, wherein said host computer sends updated
information to said controller, which respondingly writes said updated information to said

memory device.

~ 41.  The docking umt of claim 37, wherein said host computer sends a retract
command to the controller when the housing is in said inserted access posmon wherein said
controller respondingly moves the housing to said initial access position and closes the

housing door.

42. The dockin_g_ unit of _claim 1_8', wherein the housing includes bearings for
rollably engaging said tray assembly, wherein said tray assembly further comprises: *
said tray assembly including side plates for interfacing said bearings; and

bumper assembli_es mounted on said side plates for engaging and positioning the

housing on said tray assembly. L _ ' -

43.  The docking unit of claim 18, further comprising:

a top plate removeably mount_ed to said bulkhead assembly; and

a bottom plate mounted .to said bulkhead assemBly, wherein said top plate is removed
and replaced by a bottom plate of a second docking unit in a stacked configuration.
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44, A docking system adjacent a mini environment for maintaining a plurality of
substrates in a substantially ¢lean environment and for allowing access of the substrates from
the mini environment, the docking system comprising: |

a portable housing, comprising:
a box having an interior space and an open end for allowing access to the
substrates,
shelves mounted within said box for maintaining said plurality of substrates
in spaced relationship relative to each other, and
a door pivotally mounted adjacent said open end of said box for covering said
open end when said door is in a closed position;

a bulkhead assembly defining a port area in fluid communication with the mini
environment;

a tray assembly mounted to said bulkhead assembly for receiving said housing and
for laterally moving said housing between an initial access position adjacent said bulkhead
assembly and an inserted access position within said bulkhead assembly while said housing
is on said tray assembly; and

a door drive assembly mounied to said bulkhead assembly for interfacing said door of
said housing when said housing is in said initial access position and for opening and closing
said door, wherein said interior of said housing is in fluid communication with said port area

and said mini environment when said door of said housing is open.

45.  The docking system of claim 44, further comprising:
a port door pivotally connected to said bulkhead assembly for separating said port

. area from ambient air when said port door is in a closed position .

46.  The docking system of claim 45, wherein said housing further comprises:

a door actuator assembly connected to said door of said housing, said door actuator
assembly operatively engaging said port door and said door drive assembly so that said port
door and said housing door are simultaneously opened and closed by said door drive

assembly.
Sheet Has Been Re laced
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47.  The docking systeth of claim 46, wherei_n said port and hbusing doors rotate
about a fixed common center of rotation when opened and closed by said door drive
assembly. |

48.  The docking system of claim 46, further comprising:

said door acttlator assembly including a pivotal door assembly for pivotally moving
the door of the housing relative to the housing; and -

said door clrive assembly including a pivotal kgy operated actuator which operatively

engages said pivotal door assembly when said housing is in said initial access position.

49.  The docking system of claim 48, ﬁltther"'comprising:

a track assembly mounted to said box, said track assembly including one or more
tracks each having a channel for sl'idébly engagmg said pivotal door assembly, wherein after
said housing door is opened by said door drive assembly and placed in a stowed position
above said housing, said housing door remains stationary in said stowed position whlle said

tray assembly moves said housing into said inserted access position.

50.  The docking system of claim 49, wherein said pivotal door assembly further
comprises bearings slidably mounted within said channels of said tracks. |

51.  The docking system of claim 44, further comprising: o

said tray assembly further including a retracted pbsition for laterally receiving said
housing, wherein said tray assembly and housing are subsequently moved to said initial
access position. ' .

52. The.docking system of claim 51,.further comprising:

a plurality of bearings mounted to said box for rollably engaging said tray assembly;

~ and | |

said tray assembly including side plates for rollably interfacing Said bearings,

wherein said housing is laterally rolled onto said tray assembly while in said retracted

position.

53.  The docking system of claim 44, said tray assembly further comprising:
o 50 This Sheet Has Been Replaced
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a plurality of guide rails;

a tray;

a plurality of bearings mounted to said tray for rollably engaging said plurality of
guide—i'ails.

54.  The docking system of claim 53, wherein:

said tray has a first side and a second side;

said plurality of guide rails includes a first guide rail positioned adjacent said first
side of said tray and a second guide rail positioned adjaceht said second side of said tray; and

said plurality of bearings including a first set of bearings mounted to said first side of
said tray for interfacing said first guide rail and a second set of bearings mounted to said
second side of said tray for interfacing said second guide rail, wherein said second set of

bearings are spring loaded for aligning said tray between said first and second guide rails.

55.  The docking system of claim 44, further comprising:

a latch assembly mounted to said box for locking said door when in said closed
position; |

a cam follower assembly mounted to said tray assembly and operatively engaging

said latch assembly; and
a cam assembly mounted to said bulkhead assembly for engaging said cam follower

assembly when said housing is in said initial access position.

56.  The docking system of claim 55, wherein:
said latch assembly includes at least one latch arm pivotally mounted to said box:..
said box including an access opening for accessing said latch arm; and
" said cam follower assembly including a cam arm having an actuator pin, wherein said
cam 'assembiy engages said cam follower assembly to move said cam arm so that said

actuator pin enters said access opening and engages said latch arm for unlocking said door of

o ' L)

said latch assembly includes a first latch arm pivotally mounted to one side of said

57.  The docking system of claim 56, wherein

box and a second latch arm pivotally mounted to an opposing side of said box;
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said box including a first access opening for accessing said first latch arm end a
second access opening for accessing said second latch arm; and

said cam follower assembly including a first cam arm having a first actuator pin and a
secorid cam arm having a second actuator pin, wherein said cam follower assembly moves
said first and second cam arms so that said first and second actuator pins enter said first and
second accese openings, respectively, to engage said first and second latch arms for

unlocking said door of said housing.

58. The docking system of claim 57, wherein said first and second access
openings comprise opposing slanted slots formed in said box and wherem said first and
second actuator pins engage said slanted slots, respectively, for aligning sald housing with
said tray assembly.

59. A method for positioning a housing in proximity to a selected environment,
compnsmg the steps of:

positioning said housing in a retracted position atop a movable tray of a docking unit,

- said housmg having a door permitting access to an interior cavity within said housing;

moving said tray to thereby move said housin_g to a middle posiﬁon relative to said
docking unit; _

simultaneously pivoting said housing door and a door of said docking unit adjaéent to
said housing door; and

moving said tray to thereby move said housing to an inserted position relative to said
docking unit, said inserted position being in proximity to said selected environment.
60. A method for posmomng a housing, as reclted in claim 59, further co;npn51ng

the step of sensing the posmon of said tray at said retracted position, said middle-position,

and said inserted position.

61. A method for positioning a housing, as recited in claim 59, further comprising
the step of unlocking said housing door prior to said step of simultaneously pivoting said

housing door and said docking unit door.
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62. A method for positioning a housing, as recited in claim 61, wherein said step
of unlocking said housirig door comprises the step of attuating a cam assembly to engage a

housing door latch.

63. A method for positioning a housing, as recited in claim 59, further comprising
the steps of retracting said tray to said middle position and simultaneously closing said
housing door and said docking unit door after said step of moving said tray to said inserted
position. B
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