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Field of gﬁ?’?ﬂ&%nt i on The present invention re ,gFes ?ﬁs
housi ng for rtlcles Ki n t for receiving t he housing,
and nore par FlEuI arl yaé]tg)sgatp%gxgg,apigogkxﬁg§ ¥$Y for storing a plurality of
substrates in a substantially clean environnment and a docking unit for
permtting interface of 5 the housing with a clean environnent.
Description of the Related Art The processing of

sem - conduct or—-substrates, such as wafers and masks and fl at panel

di spl ays, t yieldaifithe ygotiows t he st'orage of the substrat es in a

substantially clegn envi r.onment ef gre .and fter essin
Furcher, it s tyieaRPept RugEenseiptes 3 ahousng gt aridet amaA gsking wnt 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

5 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

10 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.

15 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

20 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

25 substrate. Further, the access apparatus consumes valuable floor space adjacent the mini

environment due to a rather large footprint.
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A dockmg unit accordmg to the present invention is located near or adjacent a mini
erlvironment allowrng 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 1s in a retracted posmon In the prefen‘ed embodnnent, the housing includes bearings for
o rollahly engagtng 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
20 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) at-an
' '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
25 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
N relative to the door. In this mar_mer, the door is stowed aW‘ay in a convenient location without
consuming valuable space.. : ,
- ~ Inthe preferred embodiment, control circuitry mcludmg a microcontroller is provided
30 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 substrates. A host-computer preferably controls

2
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unit.

15 . 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

20 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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wi t hout thepreseﬁtQﬂﬁdﬁﬁbﬁ;g val uabl e space : .. In the preferred
enbodi nent, control circuitry including a m crocont roI l er is provided 30

on the docking Eigure 2 is anexpiadei vigw of thetpreferrechembodimentef the substratesiousing of

housi ng plﬁged on .t he docking unit, and to pronpt an operator to
| oad the sHifPFSERIANYEIHCNNG for processi ng. A -° -  menmory device is

B etory Y "R i MR Rake o B8 e e ine e P&*?ﬁﬁ% Apfemed
- host 160npuéribodimentesfalid subm heusing of the present invention; .
? Flgure 4isa cross-sectlonal view taken along sectlon lines 4-4 of Figure 3;
Figure 5 is a plan view of the ms1de of the bottom. panel in the preferred embodiment of
the substrate housmg of the present invention; . o .
Figure 6isa cross-sectional view taken along section lines 6-6 of Flgure 5;
15 Figure 7 is a plan. v1ew of the inside. of the top panel in the preferred embodiment of the
subsu'ate housing of the present mvenuon,
Figure 8isa cross-secnonal view taken along secuon lines 8-8 of Figure 7;
Figure 9 is a elevatxonal view of the inside of the right panel in the prefurred
embodment of the substrate housmg of the present invention; .
20 | Figure 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
25 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'atix_lg'the position of an O-
ring gasket; | |
Figure 15 is an elevational view of the inside of the front panel in the preferred
30 embodiment of the substrate housing of the pfe'sent invention; |
_ Figure 16 is a cross-sectional view taken along section lines 16-16 of Figure 15;
Figure 16A is an enlarged view of the tep of Figure 16 illustrating the position of an O-
nng gasket;
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to the configurat?l(%neopfsh%&?g%ﬁ%mt tzlil?]‘% 0 g%nt ?grmvfar?%ﬁl}e %‘?nttqggel%
substrate  housing doeti the prefetredrenibodimetit 0fthe substratehoubing of thelpebent invé&ition]
one another to achieve a nmultiple unit ) configuration. A.top plate
of one docki ng unFigueeel% issa side (view pba tlefhside sloer tackainothn greferred embediment of the

manner, nultiple dockin its are provided in the sane floor space or
f oot print of%‘ﬁ&?‘é"’_‘g%ﬁﬂepmﬁﬁ'ﬁtf“. tg.?n, Accordingly, a substrate
housi ngoand docki gt is 8XdHBaRORA VLW kb alolif 4183 Biks 20-20 of Fighf®RA1 1 ON
provi des several sitgnificant advantages over sy3Stens of prior art. A“3ingle
i nt egr at ed Figare 31 A ds avside view pbthe dghttdoorraack i the préferred embodimenodf the
the substrates in a clean and secure , environment with |less |
probabi | i ty wbstate hewsingof thepissestinyentionlustrating ¢he dooe iy the 64.0FFI positions
: ﬁt S; ﬁ”lalj%/a![ gss(r;me%r%ﬁé gea 93¢ View of the Bre errlxt'edfe%bo(aknrxeen?tof e stibstrate ngslilxtlg of the
present invention illustrating the door in the OPENED position;
15 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
20 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; .
25 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
30 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;



20 t he substrate fromthe prot ective housi ng Lateral novenent of the

housi ng ment onto a docking unit elimnat t he
housi ng a ve e docking and inserted position. Such $ETMSB§IH§1%’M al s¢

Sach 1O N ERAR 0% SR ond HAEMASY bPh e Cbemh“e ?r%%oﬁ wphidigent
:5309 etNer. 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 hoosing of the present invention;
5 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—sectlonal view along section lines 32A-32A of Frgure 32
ﬂlustratmg a substrate locking clip assembly;
Figure 33 is a plan view of the substrate lock in the preferred embodiment of the
10 | substrate housing of the present mventlon, o _
Figure 34isa srde 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
.15 Flgure 36isa rear perspeetrve view of the preferred embodlment of the docking unit of
the present invention; . . _
Figure 37isa part:al 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
20 the present invention; _ _ | _
Figure39isa perspective view of the tray drive assembly in the preferred embodiment
 ofthe dockihg unit of the -prese_nt intrention;
 Figure 40 is a rear cross-sectional view of the cam assembly in the “preferred
embodiment of the dockmg umt of the present invention;
25 ' Figure 41 is an exploded view of the cam drive assembly in the preferred er:lbodlment
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
30  CLOSED position;
' Figure 44 is a partial perspectlve view 1llustratmg the docking unit door in the

OPENED position;
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Figure 1 is g@pﬁﬁﬁ?ﬁ&rvi ew of the preferred enbodi nent of the substrate
housi ng of pte the present invention; Figure 2 is an

expl oded vi ew of Figarepiteis arpeespeativeadéwrefitheaibstiate ot mbttdPwith Bt ®fcking unit

t he present jnwvention; Figure 3 is an elevational view o

the inside onthe,RETRACTED positionst he preferred 10 enbodi ment of the
ure 4 is

substrate housi ng,..of t resent i.nventi.on: . ] Fi gur, a .
cross- s&cti onal @Wet‘gﬁéﬁngﬁgﬂée <lgyatiops} vigw, dlustrating he mbstrate housing engaged with
Figure 5 is &Ebﬁ&ghﬁ%%ekﬁmfmgeéiﬁé&e bottom panel in the preferred
enbodi nent of t he substrate housing of the present invention;
Figure 6 is a croBigumei8tis atgy plan eiow illustratiag drgsubste:ite housing'@fgagedowith thel dbeking
S5; . s o
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 umt 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;



15 Figure 7 is a plan view of the inside of the top panel in

the preferred Er}bodi ment of the substrate housi ng périghes3spsent

i nvent i ofY0 96/1152 Fi gure 8 is a cross- sect | onal vi ew taken al ong
section lines 8-8 of Figure 7; IS a elevatiqnal
View of the i nsFigErol ihe ?@tﬁrﬂ%enﬂumwethsr af ageraion o e, dogiamarami .
of the substr &Pl esent I nvention; 20 Figure 10
is a cross™ r?ﬁx?%tﬂg‘\’éé@%&?[n Een al.ong section lines 10-10 of Fi gure 9;

Figure 11 is a [Figitey/6ZAVafi 62B @howadicvdhart idisgra el ekratp £ Kutide BReduted by ihe

substrate . housi ng of the present invention; Fi gure
12 is a crmmllmwxmeow&mﬂxeaiodﬂggymmmallymwmonz of Figure 11;

Figure 13 is an eIev nal e out S| f the r anel in.th

or o efred 26 Fizum o AR B Soweact dferts diigling 2 rocene susured by e

i nvention; !Fm,g SoubbtPis he et heVddR) mr%qm i
section |i nemTEquAﬂ%fF ure‘(ﬁﬂo%ng& Flhgureg% |es an enl ar gi?(}gt\%igew
of the topemf Figure 14|Ilustrat|ngthe position of an O- ring
gasket ; . Figure 15 i s an, el evational view of the inside

the front panel Figure 14 shewe s dlovahart d@%lm 2hEouting sexegute h%s&ﬁg

V1 ew ¢ akerRORRRR Gf a0 for pelopging the sebbHil ouihg forf ofd ARRinR Tk 00
16A 4§ an enl ar pateadi 3N a{d smsﬁmaqfoulihmaﬁgﬂa& ilidsﬁiﬁﬂgaé foutiné BRecRfedi by 8

of an O- ring gasket
4 microcontroller of Figure 60tooperatesteppermotors, S ‘

Figure 66 shows a flowchart dxagram illustrating operauon 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

15 _controlling the acceleration of a stepper motor.
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Figure 17 illustr | gy 0 . i B.is
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Fi gure 18 i sidentifiedssr &ecmmtﬂﬁﬁovs«absttaké husiri! 601? d16bl ROAPEER Y b&f—hk@@trucnne
front panel and usi ng door in the erred enbodi nent of the

substrat e houbich glcb#des Iﬂée% Slég parel i6dy e Fightoside panel 66, a bottom panel:ﬁgw tepanels70aa

si de vi ew of alef tr r.e r ed I me of the
substrate hJﬁ%’lW i ﬁ’é‘i@?ﬂeﬁﬁv tlg%a?eﬂdn%r fgbf%ﬂ a3 ogveg lip
Cross-secti t ';BaBSF

Fi gure 21A ?’F%Im de vﬁﬁv@ ?bfg?}%???g%?&g}gor trgsc?gm?%nt ngpre grfg’ga‘amg with a
enbodi ment @rodved82 mtoppanetﬂﬂ.sﬂsaﬂustﬂamdsmﬁgmés 5-me, right panel 66%9110\%11 84 for
illustrating the door in the CLOSED position; gure lels
a side vi ewTetingidtise groove 86 ibaiism penel 63 and ﬂbumbpﬁﬁtf@rmm mjhagrqowe 90 in

present inv t ' il 176 | Het f)ﬁ%ei @glstcli]lgmgc%ﬂgl bbﬂdedqg bgi)(%}I c'l 9op panel 70 and right
10 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
15 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 2 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
20 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
25 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

30 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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preferred esmqrsnerneaﬁﬁgtlbe i§ Hiothted!oh shaft 134 andOshaft 340k sbhif et?[daﬁ&ﬂﬁtor 130

i nvention; : Figure 27 is a partial side view o rear conb
in the pref&'mhetj aﬂnatoxtll?oﬂa!sﬁemdmdoor 120 by scmﬂsst%a&hclnextendlﬂumightdmr 2Giment

oY or'al 6 b astuetor 130. ;Pepe ok frssROLARS Bpmptises 4 Bricke. b aer 136 bevige s
conb1 -t ndeailf T8 Sfined thereto by a bearing a4, Blaricy PSRl ofendy 154, B
presepy | n\shaft 140 is secured to actuator 136.. Actuator 136 is secured to door. 120 by screws 128 which
o extend through door 120 into actuator 136. g
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
15 : 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.

Refe_rrmg to Figures 21A, 21B, and 21C, the pivotal movement of door 120 will be
described in greater detail. 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

20 Figure 21A) is likewise within passage 150 at the forward end of track 142. Figure 21B
. .1llustrates 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 beanng 138 toward the rearward end of passage 154. Bearing 137 likewise
passes. toward the rearward end of channel 150. That is, door 120 may be moved rearward to
25 the RETRACTED position as the substrate housing 60 is moved forward, as 1llustrated by the
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_iqns of door 120 and box 62 have changed.
| Referring to Figures 2 and 22-25, door 120 may be.maintained in a locked
conﬂguratioﬁ by a p_aif of latch as_s_eﬁblies 158 and 160. As.illustrated in Figures 22 and 23,
30 latch assembly 158 comprises a latch 162 which is pivotally mounted to the inside of bottom
- panel 68 by a pivot pin 1 64 ‘One end of a.resilient spring 165 extends through a slot 166 in
latch 162 and is lpositior_'xed about a.screw 167 which extends through latch 162 and slot 166. |
The opposite eﬁd of spring 165 is positioned about a post 168 which extends upward through
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PCT/ US95/ Figure 30 is a cross-section ' kaw of
a lateral J@é#gﬂllsr?t he preferred enbodi nent of the sﬁ%%f’?gfsg\éﬁ%usi ng

Cr oss- sect T RUPRAFER O Latgh 162 bes & foryard, Pl [10ion e pEagement with o beveled
Bl oure 52 1 Sint o Ly D Rarie et ARy w0l 174

in the Howgver; faecess do tatdipaisembly 158 tolieprsbiierredreraibersd o0latth 1626is persi@Ry
I nventi on; igure 32A is a cross-sectional view al ong

- F
section Ii n&rosﬂh\mq)fﬂﬁiiéae% papel 64 and adjapeny pessags g8 dnshattorr panel 168c kThe
clip assenblyy; L Qur 3.is a . ViLew of bstrate
IocE i I the f%???%FP%Bf&%Wn‘é "%ftﬁ{oi‘gh ?assageoiﬁﬁgg b&’?‘é_’ﬂﬁtz‘ﬁngﬂSP@Sﬁ@S 176,
present i nvangiaBw insertion of an actuatorf':ﬂiﬂ 946 with d Beafing R4§ Mwﬁ%%@tﬁgﬁ%i&{ ﬁ@%r

| ock in the preferred enbodi nent of the substrate
present i nvengagng and manipulating the latthd62e Alfo, itlee pastagesl 7§ cl78acitidey & slahred edfe

the preferr nmbodi nent, of the docking unit .of the present
i nvention; ig” Or engaging L?aémsé“i%s‘gﬁmgéa?"%n& pEtheiria 336 dor aligning:the substrate

preferred e | ty of X ' it of the present invention;
Fi gure 37 i@%idggneb%ﬁg’gggh@%%f the preferred enbodi ment of the
docking unit of Agillustrated 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
15 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
20 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
25 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.
30 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



the present invention, ' Figure 38 is a partlal expl oded Vi ew

of the pr‘ga%ﬁgi“enbodl ment of the docking unit of 20 %ﬁ?.

i nventi on; Figure 39 is a perspectlve view of the tray drive’

e econt i nenFif Stk 318 VR e dowmerd sronganprinately hideol ot Sy anelen o
of the cama@%ﬁﬁmtw 3, tmh reaﬁt%sqﬂs an arcuate i2{EP QMY a r?ste il aaglggfe@egam

‘of the pres I nventi on; Figure 41 is a
the cam dr itusudaed) WathlZmpers irfveard Edmewiib21 9vstrin angle B of approximgteHOIDRIfftin
unit of the &tesent |nvent|o Figure 42 is an expl oded view

of the doord 1210898 WlaﬁJaF% uppert shelf 24 O yhstrate lrousing 60 prefermblythas three

par 1o por@h bR RaRE hCRNICR: e s, ) sqmb 206 et Feniyce 6.

CLOSED posiacARhelf 210 on a respective Ebib206 ' alighed VAR He U ShARBLY] 0/ bn Vi mb

illustrating the docking unit door in the p05|t|on
6 206. 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 respectrve side. wall and a correspondmg shelf 210 on
the opposite side wall. , . _
10 It is understood that the combs 198, 206 support the substrates 216 within the housing

cavity 92. Further, combs 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 shelf 210. Likewise, the arcuate surface of wall 212 urges the substrate 216
| horizontally toa _res_t»e_ctive opposed shelf 210 on the opposite sidewall of the substrate housing
15 60, o - _ ) | '
| | | Referring to Figureé 2, 17 and 32, 32A, 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
20 cornor'ising polyether ether ketone, having a plurality of grooves 228 therein. Each groove 228
s adapted to receive an edge of a substrate 216 therein. Each substrate lock 222 is received
within a cavity 229 wrthln 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
25 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 éssentblies 234 facilitate the mounting of the substrate housing 60

30  atopadocking unit 240 (Fi igure 35) as hereinafter described.

o Referring to Figures 35-38, the preferred embodiment of the substrate housrng docking
unit of the present invention is identified by the number 240. The docking unit 240 comprises
a base plate 242,‘a cot_/er_ plcte 244, a left post 246 and a right post 248. A front plate or
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PCT/ US95/ Figure 45 is a top plan view@fpidn
gls 4 70 3519
pref erredjvzréT%% [ rznant of the docking unit of the pr esent %nvent i on;

Figure 46 i e ctive view of .th ubstrat e.housin unted with the
docki ng uni t%uﬁch%a& 256 5 sf?cyrﬁé t‘f‘-?%ﬁﬁ/i&ﬁ%‘%@é FPW;platggi“ atld Fas a poTt T QpFRINg 252
is aright sj el b v okt ' 4 Sl thaa hQuS)

with e At Mtelade T2 SH b4 R e R 4
Fi gure 48 i dsmctived bétweery bulkhead| 256 tand post @46 e respdusive giooveningost2 48 @rdsidkhead

ith the docking . . nit iin the RETRACTED position;
\IIZV: gure 49 | QSIQ‘ %b’?‘%lﬁéé@q R)gte{?ﬁé:w fererved thﬂhﬁead:%'&andmhhm 24§ ircregpestiste

50 15 d 1 oMo R b pHF ki bl 280 A By bt B8 258 s covommc o migide ot

engaged Wi t Ibase plate 242t he docking unit in the MDDLE position;
Figure 51 is a top plan view illustrating the substrate housing engaged
with the docki ng Referring againite Figureshi6-38, ¢ Hogking tnio 24@.comptises a substiate holsing:

t e docki ng POHiPABA ASERB A,k inslilss ey 285 comprising & botiom plate 364,  ef side plate
266, and a right side plate 268. Touch memory contacts 269 are mounted in bottom plate 264.
10 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
1s 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
20 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

25 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
30 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

13



housi ng door to an unlocked configuration; Figure 53 is a

right sige ogligasgtional view illustrating the docking unit pgnggdéhagyot he
substrate (?oor; : Figure 54 is a right side elevational view

illustrati he .pi voti of . t.he s t.e 20 ousi.ng.-doqr dockin

uni t door ‘F‘%‘{"ﬁé’déﬁé’ﬂr‘iﬁng‘l?m‘?‘ 6. B 73'i€ séelrea beEyegBIb 338’94:%%?’@‘&@:4‘?%6
view i || ugdohRdctdiittot by 2l shinetisel a hhdkdt @ |

unit in t?g [ NSERTEéI%e}[l)gg?tfi:gn-;lgin s SOW gILi\‘i‘;’irgurlseEdSégsﬁiosf]'}fprerl gﬁ?ﬁésiiigggqs _
el evat i onaonhéckadstorthe underside of tiay tsidetplata @66 rovangmy of thei triy 262 is detected by
docking unit in_the | NSERTED position; 25 . Flgure 57 is a top -
pl an vi ewsmaqgataqgga%‘ﬁgl; mounted; on hﬁﬁsﬂlﬁﬁ 247 dn enjungtion Witk they Ry pesition

unit jnt POS Ll 1 . EL. Bx Rk 1inS:

por spbct | ErF B 105, 265 MiovAiin Fignre 39, cach of the it i083 10%nBlt 30p mermbers
- stacked at3ipa,a313bhformingCk tignel s 13clighéd withethe fiday ipayi&ibh iseriSor flag 305. A light
Figure 59 is a rear perspective view illustrating the stacking of the

docki ng uremitting dibde GEED) (not shewn) omathen light soursp paojects @rbeamced lightuwithin dhe

Show ng ¢ bt T3 fPiacons side mambes 138y 3 FIRS JBe el S Faember, dsithe e betng
'[70 the Pr ef9§'1§ r&tﬁ%@ By 'tﬁlsnlzray motor 282, the tray position flag 305 travels along a linear path and
10 eventually 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

1 3

"tripping" the sensor. . .
" Bach of the sensors 308-310 include electrical connections 313d for connecting to
. corresponding wires (not;shown) for further connection to electrical control circuitry, described

15 beiow. In thxs ma__nnér, th_e,_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 -

20 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

25 cam track 338 connected to base plate 242. o h

. 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

30 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 wifhin a channel 354 within base plate 242 and a cam track 356
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PCT/ US957 Figure 61 is a state diagram | L9
t he genera opelrlgf‘i on of the docking unit accordi ng tgb?ﬁgg%?igggnt

i nvention; FLaures. 62A and, 62B show, a.fl pwchart di agram

1) ot r | ngeamnested 1 ese plate o2 /4 Sieff et Bliower aeeiiibb es B el Comtgeied o the
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docking unit of- Fidgure 60, . Figure 64 shows a
flowchart diespested ta thetyppempest susfane: thereof « Bearingi364) ix; 1eeeived within slot 350 and a

docki mgP un 1 gl 366 sebhfecichf Bin SLGPS kASh38 wHiCH e i ering S8 s i
i | Tustrati n3ex ibfodrinBBoexecut ed by the _ m crocontrol l er of Figure 60
to operate stepper nmotors; Fi gure 66 shows a flowchart

di agram i | | ust r at Refgrrimgeto &igures 4F amh43, doeking minit 1240 dhcludes a cam drive aasémbly Y681
controlling the Fi gure 67

shows a fl owd¥8 FYLS&;E%HS‘L*?GZ‘%&EP’%‘;@FS%@;H&%W Hmotar: bragkeh 372 eonmented to
tor plate 242, Latch motor 370 is operatively engaged with a lead screw 374 by a coupling 376.
10 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,
15 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,
20 390, 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

25 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

30 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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environment. B 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

17



which includes a left side panel 64, a right side panel 66, a bottom panel

68, a to 5%?&;*20 a b5 rear panel 72, and a front paneljc,ljné]ls%ﬁ%gfor .

i1l ustrat I'gures 3-8, I eft panel I 64 hasda | ower |ip f
ing w . 78 8 80
S ™ ol B8 55 8 po o2t 0T MP B SouiRa ol et peeed sifoRrasorty. Eneb

ri ght panel ll‘lfﬁlé r | o] 8 |
bot t om pane dil@% an h upper{hﬁ%{%@? s(?racemagtzl Rg@m&t%g#%%&)@é%ogd fh 'tihid
top panel ZOmniweddatipnméth thelpors arehdfid and thys bvthcthelntisi enoirbmAtmANEs nbfedans thop
panel 70 and rlggt 10 panel 66 |s chenj cal leé/ bonded to bottom panel 68 -

and top paAdiDD ppanmmay bsdheuaht ofias Wsintasmediate or mltlamcessz:oamn,mhm dluid

Cnlt th o Cofmiltica, of ool s el whE 68 dBlr £ e prb oot 468 o gared. nc

plurality eﬁmaésllaﬁobide&me%earoersnmm@m& OPENED nS'de . surfaces
of panels 64, 66, 68, and 70. Front panel 74 i's secured to panels 64, 66,

68 and 70 by 15 Refmmgm Figures 5§-5% drayvdriv@Gassémblly 296t therdaftdrrmonss 9262 d4an
into respective a‘G W thin g&g&u ng bl ocks 94. Rear panel 72
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is used for storing information about the substrat'e housing 60 and 20
its cont entequlpxmntmﬂ othérdnstaunentsywithinghemini|enyirorghent. It is noted that the bracket 434,
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15 moves to the INSERTED position, the door 120 remains stationary. The door 120 is thus kept
in a stowed position above the subst‘ate ‘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. _ |
20 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,
25 respectively, thereby allowing latches 162 and 180 to return to the locked conﬁguraﬁon due to
the 'biasirig 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, perspectxve views are shown illustrating an upper
30 docking unit 240a stacked on top of a lower docking unit 240b. Although only two docking
units are shown sta_cked toggther, itis tinderstood_ that more;’ihan two can be stacked together in
this fashioﬁ. The power suﬁply, housing 477 and the cover plate 244 of the lower docking unit
240a are removed. The feét,258 of the upper docking unit 240a are also removed. The base
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25 thereof for receiving an Oring gasket 114. Front panel 74 al so has
an access @ort or passage 116 therein. Panel 74 has a sharqpl) edge
seal 117 aWOMH182Me perineter of passage 116. i3ﬁ§f to
Figures 2, 17, 17A, 17B, 18-20 and.21A-21C, substrate housing 60

conprises a Hhtvo'l‘@l 1Sdpmferdﬂssedebig;wdl¢8 replager thei cayerplate d244] 2ffetuvelyn Gerirgy a9 ul

%ﬁﬁpir‘i%daﬁx&%ﬁs«rﬂgﬂ%ﬁ% Bletip aauskeeptiginpl o i DR AP oTiieh srhoupies
120
Vhen door 12008 ‘?%“%%#é‘ ‘8@%&%%“‘%%‘. PR ot Bhing Bl e, G0, OF goumpgthe

to forman power supplfiis bbﬂ?igurécﬁﬁi pﬁﬂiiiett'he TRBdssARY QYithint BRpbiver Gépefnaf%%%n the

entering substrate hou5| ng 60, as illustrated in
PCT/ US35/ 133menber of stacked minifsir @pg@nomaﬂp@hm&@qukamams 2404, 2400 if essentidlly the

door 120 so that a subs anti,a uni f forge s applied between
edge 117 and®HGhY ngthZl %F%chfl%mgwgtﬁ’%%ﬁesmb@dg T?b’ PP

Do nbly 11

oo 15°CY 1 i o & Pigu60.% Bchcingle diilfim 36 UHDbr B ARBINRScarfir

respecti vel irciiayused folsdhtrol the ﬂaﬂﬁﬂzg/umﬁzw THeX iy poitions ofthelcoatésicirtitry are
actuator 130 having a bearing 132 npunted thereto by a bearing
preferably mounted on a printed circuit board (PCB) (nof shown) Iocated in housing 478.

10 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
15 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
20 comnected 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
25 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
30 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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1120 in the the Bappytsareiselecty

shaft 134. Bearing 132 is nounted on shaft 134 and shaft 134 IS secured to
act uat or \?3(?’"24 Further, actuator 130 is secured to
screws 12 extend through door 120 into act uator 13 Door

act uat or a a bracket or_actuat 136 haying a '
bearing 138 mé’%@ ‘g‘?'&e%?fg“ﬁ‘é@r?ﬁﬁ“%‘ﬁ ﬂ% ?4% P frgnsiser Q4, hojing &y
on shaft 14Q0n: cted tindl ﬁnﬁ? ﬁgmg ﬁ&hg{h% %!Eim |2

is secured to oor t:"LZ% %?écre\;‘lg“l% P{I: M xteng roug gn- oorgo%g%
i nto act uatmemds6.103, when in elecmcalReémaotlwghttheFtogcii aﬁexﬁoryleonticﬁsaﬁm and a -
21A-21C, a left or first track 142 is secured fo to panel 70 by a

l‘

plurality dniczecontigller 12 thpaughpindfthelcenngeter Jlds d¢5§ﬂh¢¢t§l°%ﬂﬂlb'é)§10m Ihﬁpclnp

Dot 150elept gy ot stk 302 040k B60aBAR 1] RS 1A S SRl BREAAS sl
abut ment 15657, TWAfR tHASEK Sighalds palléd 10w e A InpARoTaembRés Sdze 564 Bre'sBlected and

recei ving bearing 138 and has a forward abutnent - 156

Referring teorsppnding sighals apel provisinditatheir Yt ouspiys amtwhemthe«SMgnal ischsserted Bigh,

will be descri bed awsgﬁgat er detail. Fi gure 21A il lustrates door
bearing"138 wi thin passage 154 at

fgel T(Izrevmm;g \(/a\nn?hl n passage4%§5§fe?{dﬂ% %l%rvvar %ﬁ%ﬁge&%éﬁa&%ofﬂngl—ﬁzuwg éi%

il lusggate: 1y1m PiCY A7€42 thigh perfointahcd eihit-biti omcw@pmt miteeonidlier Byre

actuator 130 and : t he act uator 136 |vot |u3ure 21C illustrates the

nmovement omehmZ‘eclmolcw; er 512 includ¢sea giashitiAcpont identifiednly
éiﬁséi“ﬂﬁaﬁé‘peazsﬁéip%e”%ﬁ&b@? frider H 5 gl RB0-RE; oh gt Gpor
Tk e OGRS NI
such that kthreeibitgB pbﬁZiE(lmEar Seperali pino of theaA-E perts’ srermaltipleretiwith other signal
1s functions as known to those skilled in the art. For example, the RAQ and RA1 input pins
alternanvely serve as mterrupt mputs receiving signals. TRAYMTRFAULT and
DOORMTRFAULT respectwely, mdtcatmg errors of the tray motor 282 and the door motor

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

~ ports, respectively, connected to signals RECEIVE and XMIT, respectively, to implement

20 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 respectlvely, of the microController

512. . o _ o . N

25 The tray motor 282 is corltrolled through a six-pin connector J13, whe:e a signal

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, respectlvely,

30 of the rmcrocontroller 512. Pins 3 and 4 of the connector J13 are connected to VCC. In a
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

20
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tracks 142, 146, respectively, and the relative positions of door 120 and

box 62 have c d. Referring to Figures 2 a - oor
120 may be%ﬂaq%ﬁg%%ned in a | ocked configuration by agg’glﬁégﬁfﬁfatch
assenblies 158 and 160. As illustrated in Figures 22 and 23. 30 | at ch
assenbl y 1583 iPORMTRDIR ; signals; arqyprevided By he RTC3 apduRGy qutput hpins nefi dlee

f b . _ ' ' e:end of AN
of DO B byl B i RO A F AR v
posi tioned about AlheaEIVndO expileitBh siodE e doRread That ¢y Wg%%%qugeg%ag

The opposite end of spring 165 is positioned about a post 16
upwar d t hr ousgepper motor drivers, which are further connected to the tray motor 282 and the ddor motor

WD 96/ 11524 . .
PCT/ US98/ 1353%-  The miggpgongplier, MR @gsertsathe, dirpstion s signals r TRAYMARIIR 1and

for mating CRARMAMRRDIN fofirich e lrection of th iy Midtol 38592 & ook Hhér 304,

assenbly 15 s substantrally covere y ala cover

However , accrsgectively,aivhidre disesdirdetivn ifdlcates sithar deckwibiCor QRbibaIockORsE Pitation! Cihe
162 is permtted t hrough passage 176 in |eft panel 64 and adj acent

passage 178 microgontrollerp 32| ass@ts Rhpulsg preférablyas dnegativerfpulse; cin 18 stept asiphals

through pas Sfﬂﬁyu'?]{h’?ﬂ’ "o %OWRSZIAEP tIJha% e the %gy 1m7o?6r 282 or the door motor 394,

10 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

15 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

20 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

25 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

30 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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178 al low insertion of an actuator pin 346 with a bearing 348 nounted

theretd Qfé 2410) for engagi ng and mani pul ati ng i,mgfgﬁgwlaz
0

Al so, the passages 176, 178 include a slanted edge r engagi ngh
-t he bearl 348 ment . 346 for aI| ni ng, the substrate
housi ng. 6omemone {4l eikAuBirats Bousing 60%s presed pd %1apestm thedcay 62
Fi gures 2

g 4% Zhe thieh GHerASyeI0Y th aa&lea%taaem&ﬁ,gtt&&hlﬁ% £ Suthdls, 260,

pivotally edtothe|n5|de of bottom panel y a plvo

end of a r@utplut pintRC7 of the miegocontrplleBS1 2proeides the [§RILgfnak te thetmib@4 502 ahd 564)
180 and is p tloned about a screw 185 which extends through |atch
180 and sl df Wissothe (SELe signalis aserted, l%aﬂlpsmpwpmmileedlaumem the

ForvaPa o SO %ﬁ%ﬁ@%‘f%@'ﬁt. N340 52 AR Aeg Bom B0 ool For i,

120. Lat chRBeRBPbF theGRickdtoftéélicr 312 3f thé SEL signal is WRREFhiZK, ﬂae'xﬁfcgﬂoﬁeeaf‘et

192. However, access to l'atch assenbly 160 to depress the rearwa

end of |at5lR tegeives dpterfmmttm:lsmsom@ﬁ 369,53k 4284430; 3890 BO0 pad dtond theatotich
adj acent passagb 96 in - bottom panel 68. The forward end of |atch
160 ext endBEOY passage 197 i-n front panel 74. " The passages

194, 196 all
20" thereto (ERDY 8, miocbbiiie ¥120 borhierc piind RBRIL PP it gRing
Al sogot he giade AGER) CR, whidh has ts anode copincted ® VOO WishgR UesidiBp SHO! SEEY, N0

t he bearin ring novenent of the pin 364 for aligning the
substrate mh@usofithe mmpmb’pllerrﬁm ishcomnectédo tor tlng:aMee:fmgﬂngDEDEORQge

177. ef nd 26-27 trat h 0!
" conpri ses l?na"ﬂlﬁ FSB? er%%% §° Qd:d g’“r"“egib@%m's&?resgac tggﬁﬂ%ﬁ‘lp 536
| 72 (wqﬂéﬂ@
ltogl\r/]v(ear 202 aV| ng a uraf)l ty o p%gg%engﬁép?}gs 2 tengl ng gji{ &etge‘i,ED

t her ef rom CR2 throughAhe RDO,lﬂthpmﬂ tespéetiyelye Phe Rm@upmae gifislof p¥RID of the
SUTTEE®° hnicrocomtroller 312 provide signals LATCHMTRA 33 LATCHMTRB to the INI and IN2
inputs of an L298 dual full bridge motor driver 524. Output pins OUT1 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 outputs, respecttvely, of the motor driver 524, where the cathodes of
20 the diodes Di, D2 are connected to a twelve volt power signal 12V. Cathodes of two similar
 diodes D3 and D4 are conpoo_ted to the OUT1 and OUT2 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
25 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, respecttvely The transxstors Q3, Q4 and Q5 are preferably bi-polar
2N2222 type tran315tors each having their emitters connected to ground. The collectors of the
30 transistors Q3, Q4 and QS are connected to pins 2, 3 and 4, respectively of a connector J12
whore these pins are further connected to the green hght 484, the yellow light 486 and the red
light 488, respecti\tely, fo_t' p_r_oii_ding status indications to the operator of the docking unit 240
according to the present intrention_._ A signal BUTTONLGT is provided by the RD7 output pin
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a forward end 205 thereof t tower 202 at an angle [err] of approximately
10. The t wyccosriis24 198 are aligned so that when both eorsteBiare
secured to rear panel 72, each shelf 204 on a conb 198 is aligned

with a corregpgg qmﬂﬂ)cmifer 397 aftislale @hhsdted 0 Re b3 of3other uaqshsFog (?? t%gh a

Referring to Figures 28-31, substrate housing 60 conprises a
I at eral comnbeesistor 532, wh€é thﬁammmstdr Qhiscdisoaa éNngbtqmblaraypeﬁanel Tiﬁ‘lexﬁxltter of

ht | 66 b ity of Each conb 206
Coupr i bac’t e mhsiioh Qs somesied & gopEd anbis equscfamsmgémdct%tmpémf@qmector
wall ﬁ%&ﬁ@%@@%ﬁeﬁ%ﬁ BiPorPfiph 435 WHBEA o i85 %0 ‘A 'sihal BUTTON is

supportlng S

11 coffeSted 1d #4RA2 pin of the microcontroller 512 and to pin 6 of the 2.
PCT/ U895/ 13519 I O\A/eprmrmst surface 218 which ta%ersodomncv\?area?rr olm A

appr oxi nat el pullupriesistot 534 isteomxemtbbelwaemVCC and the BIFFTQONi sigtad| The coffacth of the
o sur T ace SRHRAED DAL ErR RS BT RO S S ot e BUTTON
Pl 210b.  Lgmd it GBded while e B0 Bebsel 7, N0 2 2 TESN Ee 206
connect ed 10 | ef t Thé HA4RX pitfofthé micrb nel&i51239 Sokenea v @ 1TOinbiucila i 840,
66. Each shelf 210 on a respective conb 206 is aligned with the
ot her shel vewhighds similatfo theymixes 502 and 504. The XMIT signal is asserted by the RAS5/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
15 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,
20 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. _
25 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.
30 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

23



206. Further, when conbs 206 are secured to sides 64, 66, each shelf 210 is

al i gned %696?1524 correspondi ng pair of shelves 210 orporusseImective
SI de wal A a correspondi ng shelf 210 on t he opposite side wall.

I el oo madlal planfpu Sy uip dockit WRPAN fof HALAMRLS Bhe

hori zont al tegtilg &l alignnent of the substrates. : 216. That is,

the taper of vva I 212 urges the substrates 216 vertically downward to rest
atop a | rBepeammunication and>dga transfenprasocol hetvegen the élosmwmmmrommm

hel | 910 GRCRRETEIIBSIZ ot doesdogkine wRt PE 360 fhe PupEritoiody NG5 pull Bofgbe briety
Compr g SRR CTre; tohlh SBlnd, 1D preffity Inclies? 40511t KRIZ, NSt

| ock ass enﬁhﬁnﬂﬂlﬁbmqsmﬁcae sheasubstité housing 60 and thesobstraft Jodueid iwithim tHel subgteate
224 and a resilient material 226 conn cted thereto. Material 226 is

preferably l@“&p&ﬁge Ingenaralpthegricracantre leg 512-9f the docking amit1240 rsovidastas interface

oL a1y oot BPRRCShaipae 315 B Rl e RYEhO ekl 66 uliEhal s | At

receive an %Q%ﬁolﬁ-hé%%&ﬁéﬂt%f&ﬁ@sﬁﬁkﬁﬁﬁ' Hbusina G0 ddehding And Valting2datd fo and

recei ved In a cavity 229 within door 120. Each substrate | ock
222 i o secfrom the tobcltmmnmn)bim as eonitrolled by the host camputer 4% The bosp eomputer 545

substrate |l ock clips 23Q which are eac ure,d to d | ock
clip pin 2Feniplsgperationr hyssending %P"F’E%Ed; ci%;%sllinmd OIZBS"’PFW

as an C e ‘
or i vot od PICH BE et “ﬁi“iﬁ?ﬂw‘fﬂ’e?’%&“ﬁ“ e AR AR et

removabl e sfgH6M3! of | ock assenbly 229 to door 120.
Referring to Figures 1 and 2, a plurality of wheel assenblies 234 are
secured to box 6Phe touch memory 103 preferably includes approx1mately 300 bytes of data separated

15 into fifteen data fields.. This information is preferably organized as shown in Table 1:

(D
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Each assenbly 234 conprises a fender or cover 236 and a roller 238 nounted

wi thin cover

236 by a pin 239. Weel

mount i ng oV M8124pst rat e housi ng 60 30
35) as hereinafter descri bed.

the preferred enbodiment of t%fﬁsh@lmwathRD g

assenbl i es
atop a docki ng

o pcE i

itate the

Bt ur e

Referring to Figures 35-38,

uni t of

t he pr esent rRv-eri-pR—i-s—i-gertiii-ed—b lmL the n..Mg The-docking unit. 240
conpri ses | DataField#, Bﬁ%’?‘dﬁ{‘"&‘l"ﬁ b B Byies - ?fé:’ray'ﬁ dte 244, a | dfEnd Asers 246 arjd
a right post_248 front platelor yte Cn
12 WO 96 Hi&ﬁ&bau 15 2 25 0000 0018 18h
PCT/ US95/ 13%%9- Berkdrerd—256— sectrgo—t base—pHate—242—anrd
cover plate}244 and R3% a _port pr openijng 252 t hejei n. Pgsts 246,
248 are als¢ segur el dyCieaie pl ate and ,CoVer ,g 44 Mol ENT Gpsdl€ | W 454
I's received Foul khead 25D and pdst 246 iln | | DSt
246 and bul khead Device Typ®) 50, 1 rﬂfght side pl @#te 296 is récei ved|bet wee
bul khead 25( ST T T DR TSt 220 11T T ESHect ,ve S Oy ' . nd
bul khead 250 A’ pl ub S'PN _of febt 258 dre Zecul e&sté tﬁ#e)o undePE d¢ of ™
base plate 242. Woark Step Refaerri ng agai p to Iiguresf36-38, {the
H H r AL H % -
docki ng uni 24— OoRPtSts—a—stystratetrotst )
Step 1D 4
Next Tool 3
Operator D &
4 Slott Substrate ID 16 2 18 0060 0071 12h
5 Slot2 Substrate ID 16 2 18 0080 0091 120
6 Siot3 Substrate iD 16 2 18 00AD 00B1 12h
7 Slot4 Substrate ID 16 2 18 00C0 00D1 12h
8 SiotS Substrate ID 18 2 18 00EOD 0OF1 12h
9 Slot6 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 12n
12 Slots Substrate ID 16 2 18 0160 0171 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 01D1 12h
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posi tioning assenbly which includes a tray 262 conprising a bottom pl ate
264, ale | pl at e 266, and a right side plate 1%@(?7!1 ,

menory coﬁ{oa%é{!gngw are nounted in bottom plate 264. 10 rays%gﬁas a °
| eft slot 270 therein defi q lfy I%.s'de I'ate,%66' ndugottom pl.ate 264,
Tray i Sren et e d L Sectiies iRimeston Speritn dor Usyubitpi hRASAE OR HESL
268 and botdamaplidtidemifitatidh number andﬁiryﬂﬁ'ohﬁiaﬁf __dﬁﬁ'l?}éf&;Zbiﬁaﬁh&gc?e@Je%yg% &nd
provi ded in correspondi ng grooves an ecured toO eac corner

tray 262 engdeanirfg ddteinforstentiph ahd dat2 field R GitludB®inferinakion of techistérdy i sidths of thy
262 to rest upon and roll along a left rail-276 and right rail 278

whi ch are swibstrae housing:60 Data Helds 4-15 soresinformgtion pf thesubstratascloadedowithinethe
|l er_bear, 74 ar in avertical position for allow I

ol 1 anh o orRe e of i NGRS Bopeibadod o GF mafis e ot it 4l gty

bearings 274cRISF the substratedlbaded  Withik ﬂﬁgﬁm%@ﬁiaté %ugmggém%ahﬁuiévéy' >?tion

during horizontal novenent Furthernore, of "the horizonta
mount ed r ol doncernimgrthe qubstrate diousing 60 hitself by ireading the fcontents of die foneh hfemory $03.
are spring-l.oaded tQ reduce gap .and wobbl e and to maintain

al i gnnent . Fheinformation turther includes cyclic-redpndagcy; check (CRG) nitesqfor perfprming (e

266 and sid . spectivelw for engadi ng: I substrate
260 2nd o) Ul WA chiBEAnLShol o R ALl syt 9B b
oper ajb vel Yatafie 3eRiving tétminal a8 kndwnVe® those skilled s B b, 2RHerndtivdy typed bF error
assenmbly 280 includes a tray stepper notor -282 secured to a notor

mount i ng pldeteetion arerdonidmplated,csuch asichesksium or thedike fort deteffniningrthe accuzRy dfshe ‘
operatively engaged .25 - with a gearbox 286 by a coupling 288. Tray drive
assenbl y 28@@%&'&1“?‘.&%‘?‘1'provi ded with a pair. of bore reducers 289,

290 coupl ed to t@EauIRIGE %%,@Eﬁi' ar ? Gt ihve '
286 i s nounted t% a_spagitiaorlgb ocC ﬁ?q\gﬁf%&ﬁ‘?"ﬁﬁﬁ?@ th})é %%csr%%ﬁ@z%,m
and the geafatilitatedBGhrough use of theet8st iserddly perd 953K dori iipleinehting ERBUUBS YserlL .
A drive belt 292 is positioned about drive LT '
15 ‘communications. In general, the host computer 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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pul ley 291 and an idler pulley 294. Pulley 294 is nounted on a pulley shaft

296 whi chyigogfhsae received within a bearing 298. Bearing Z%I‘éﬁsﬁﬁ ped in
an idler pulley bearing block 300 which is nounted to base plate

242. ir A o eyl 02 :h S ected to belt
292 and tra 262. 1 rlé;%ke bt asse%i y;]i‘%(fg‘gé%’ﬁ%’f’gé@tg PRYSS acket
304 having g tray pogdsmmmg,qmr flag s 5%99,;5@@&9“@‘”

13 | QR'L1 1524
PCT/ US95/ 13548 CommaptNePet o and %R upRE [T br ackersStEE Bel t 8-
secured betueenihrackets 304 306! whichiare connected to] B%h
other by a phir |5PsEPhs 307. Thé "M shapdd dMtREEetipper bracket P06 is
connected tp the¢ underside of tray side pkat ¢ Uloded NDVEMENT O T 262
i s detectedy SEMSOTS S08,—369; gt on—base—prate—242
I n conj unct j~eh—p-t-h-the-tray position 5 Sensor ag 305, As ishown iin
Figure 39, leachjof the sensors 308-310 ifél udé®®*de nenbers 3134,
313b forming a ¢hannel 313c alignpd withf&he |tBrery posSit1 on Sensor| eneragpe305.
A i ght enrrring arode (C vwrm—crheﬁ-rgiﬁem—ee—
1 haoa af li acaht ettt Ao -
projects a M ded T Rt Re 20 Acknowledge Load none
21 | Emor error code
3 Uniload none 30 Acknowiedge Unioad none
31 “Enror . error code
2 Read Touch Memory DataField | 40 | Tag Data data filed
# #, data
41 | Eror error code
5 Write Touch Memory Data Field | 50 | Acknowledge Wite none
#, Data
§1 | Emor arror code
.ﬁ
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

5 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

10 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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channel 313c from one side nenber 313a, 313b to the-other side nenmber. As

the driv (? 292 is rotated by the tray notor 283cthid6sissey
position flag gf)“S travels along a linear path and 10 eventually travels -

bet ween a ﬁ-ﬁgg@ﬁh 33368 hep t t'ra o
position flag I S W hlnﬁkﬂ ﬁghg%ﬁb gg?&% Qﬁatfbh qu H} tg)% %n?%alrﬂ"l S.

| nt er r upt ededckibed ity Table 1 abové.t The piitreconitivtles SIS G6rres ondm%ly reads the nﬁaﬁﬁatﬁfn
the sensors 308-310 i nclude el ectrical connections or connecting to

~ cor r espondifiem thierapprapmiate data field wishinfthe toush mcmnle'clmomd tansfers this ieformation
trol d d b th th | at
| Sgg i E ?OPCL%C%%M% m3ie 't§3§ Sipviare SHee e Bl 2 (Wt Sebstie Housing 60
substrate
39%@%&9 HiGccibed! e HRF Edutifletiids G40 gtegllr;ea@qgﬁa{gftﬂgqaayﬁe% fitotiffion

sensors 30 trippe uring hetray no

282. The semenaﬁed&&&h:m@ sabstratesr21 6she seridingial WRITE DATA mﬁmm%xﬁxﬁmﬁﬁtd Ry
retracted sensor 308, tray m-ddl e sensor 309 and tray inserted sensor

[err] 10, mlcrocontrqll@nﬁn ong with thecnexy tojgh maghary slata, o'«rhmhndaetmyoczmzolémcslz

20 41 ana R R S dRidiEmiehiry S103- ¢ The rend apfipiite eotmaRas affo’ Gigyide' emor
assenbly 3 ssaE@:mzﬁ?éa 'tHat?tB@t&EHHﬁérﬁ o3 ﬁfntot g,fésgﬁttgg a{. 83&*}1%%@9

right latc ator cam 326 an a pair or cam
crosslpars oér tHes of)rconmlamds tandc eomiddicatich protocols aremoa%nplﬁam e pfesenta
slot 332 therein and a plurality of roller bearings 334 connected

thereto. Ci¥ention et bemngdimited tny a5 COMANA SHUSTHER (T SOMBUIIGALIon iprotaen)e

%asﬁoaﬁzl ﬁngl gﬂf‘g %&%H%éfgﬁ# SP?OQ%%C &ﬁ? We% g@hbhe; Zzﬁgql%es of the

pi votal l'y m:crocontrdlléf‘ﬂf»‘zféeﬁ&all?cbﬁﬁrﬂﬂ@'ﬁfe&bﬂ@wﬁfg fornaat: 262.  Cam f ol | ower
assenbly 340 _conprises a_camar having a bearJ 344 connect ed

to the undenededasr tihenersp ayDa&LsrcreV\/[MS fnctaall ajtcbnemt Tatmnpl N CRCX

15 where each field preferably represehts I byte. 1f information. The Nbde Addr field is the
first-byte sent and preferably has the mqst'signiﬁé?nt 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
20 indicates the corresponding hexadeclmal 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
25 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 preééding 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 sunplxcny, although many other
30 types of appropnate protocols could be used. - '
Refemng 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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346 connected to the uppernost surface thereof Bearing 344 is received
w thin sl otwgsgigsag a 30 bearing 348 is connected to pin 3¥ErbiosAsHer ew

349 whi ch extends through bearing 348 and pin 346 into arm 342.
Cam 326 has gtad @ déteRninb® b9l fvelBulbitd, Ynahé ' gﬁ,géo t
thereto. Cam 326 is?rece?(ggd and rmvltggléé W inggslg%gnn ﬂ%ﬁ% S%gsuate

W thin base hbasing 6P piatdd corcdre doeldig Afit 240 is thé incorrect substrate housing 60, an

14 WO 96/ 11524 | _ . ‘
PCT/ US95/ 135 1BNLOAD bit indiseting twhethey thesdoqiing amit4240 has irepeivedathef cirtespending

i ate 264, CHNTEALE BnnloCRBRCIECHD Sonthier 545, ST, bib dndlcpteg whether the
bearing 5362 dgaaRs Al 240 HalGedsvbdl the ¢BrrbRRERE IVAD glﬁxggécgﬁat%ﬁgggorgbs{ hifiuter

actuator pin 364 connected to the uppérnost
Bearing 362 545,raBUTIEN RRESSEDshibindRating miiether the opeiatarrtias greé36si the button 480 or

oin e Onlt and Ballf s PRIENT bit indicating whetherasact fip SubsiFig boesng 60:dwa been
45, docking Yhlelied 88 the' GGG uiite 5867 Hch¥ Sufpit 67 attis $%8 RED, YELLOW, GREEN and
BUTTON indicate the status of the system, where these bits are indirectly used to operate the

10 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

15 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. '

20 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

25 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.

30 The docking unit 240 remains in state 2a 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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Assenmbly 368 conprises a |atch motor 370 sUpported by a notor bracket 372
connect eGyb9¢/11524 plate 242. Latch notor 370 is operati pgryusosgssyed with
a lead screw 374 by a coupling 376. 10 Lead screw 374 is received within ~

a bearing 378 mpyaleshe Qa,%@ﬂaﬂiiﬁ@ ﬁit%ﬁ&réﬁﬁe%nbﬁﬁtlﬁﬁtoh%g is ﬁssecplnﬁﬁ@ tiet2
and in threaded engagenent with a nut 382. The opposite end o ead screw
374 is substratec heusingl 60i is hstill presemy i Ing ré&Pdnsentonthedbuttonad 8k deinggpreksedk the
386. Nut 382 is secured to a - mpunting tab 387 which is

nut _ .
connect ed microgentrelies S contuels the,way Moter Y2 19cmoye the subgirate hoysing) 60 from the

388a, 388b n,unl Sensor .a o: S 0 90,. .
respect i veﬁﬁﬁ@@ﬁ f‘l’c‘é‘FQ\J% @gE po@?gonr %?%H&%tl@ﬁ lé}fg Q!gs eg%eeh‘ﬁ@d hglat 482 is
unl at gh or nlaLs Bt WiRIMe sullstflte halisily GPRTAGvEd WhePER subithité B6Ring 60 reaches! O
trip the unlatch sensor 389 and the 1 atch sensor flag 388b interfaces to

trip | atchteMIDDLPosition, the buttondight 482 startsrblinking mimms'ir'!d'mam_rtgmhe atlstrate

f the t : iti fl 3Q5 t 5,308~ .. . 310.. Th
Sensors 365000 60 £8n b FAREAA e QREKH St 245h Waile 2 Feteer e hogkcamper
bel ow, - ' ' - i _

b§ ? \er ppi na4g%§&?@%§%§é&%@§§%@ﬂd %%?g%%é@eﬁg&@ggg\?%r H@b’% riggl’be

provi ded f qfhepSthe Hfoymatfoh is tdnsittetieo diptivstéctaipiter 545 via the 485aefialfott 536. In
Referring to Figures 38 and 42, the docking unit 340 further cogfprl ses a
()

door udr i ve this manner, thehostommaer. S45lstermines ¢f the corent gubstratechonsingfors the cuent
t tor 394 which j . yerat i vel dwith a, box 396
by o coup! PHpeE Bresat 1 bhe dogking vl A0 FendGs s SA9 A EndfishRernd FrOcktn

and door mghel %Léﬁ@e&ﬁat & 4@%&,@0 r udﬁqawéee.iatob;t%e H,e&r-tfﬁgﬁPm’«ﬁ"aeéﬁcstg

. secured to nounting p rive assenbly 392 1s rther provided
with a pai reibvéihesubstrate housingdilcley predsing thé(iitton 480 cwhére operationrrdtums 30 statend

gear box 396, respectively. Doar _drive . .assenbly 392 is connected:-to
post 246 byagonthe hestsommwar,S4adaform thexiepkingunit ) that the wrong substrate housing
15 is present, where operation proceeds tostate3b. - .~ - - :

If the host computer 545 -determines that the wrong substrate housing is present, the
doéﬁng unit 240 enters sfate 3b, where the 'WRONG bit is set to logic 1. The green light
484 is turned off, the red light 488 is turned on and the ‘button light 480 s left blinkiz.g to
indicate to the operator that the wrong substrate housing is preSeht and should be removed.
20 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 light 482 and the red light 488 are turned off. Cperation
remains in state 2b while the wrong .substratc_:_ housing 60 is present, but advances back to
25 _State 1 when the s_ubstratg.housing 60 is removed from the docking unit 240.. In th;s 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 is correct
and if the LOAD coﬁmmd 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.
30 The yellow light 486 and the green light 434 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
femains 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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connected to nounting plate 402 and post 246. A drive pulley 414 is

operati vel Si9Aged with 30 gearbox 396 and a timng belt o b0 g
posi ti onedwa(gout gpuI |l ey 414 and an idler pulley 418. A pu% ?lésysw
mount 402 and has a

adj ust ment p I s _connect to dri.ye semly ]

pair of slot o8 Mﬁﬁ)t‘gﬂfgw&a&&%ﬁf ‘gqorp}gpﬁ?ﬁﬂ . lJ?hE“ Pigtssa ths yeligw dighted®s and
21%6 and adj Uﬁfe{%&%lf}l/i’%hlt?gﬁtmﬁ{&ﬁ- on and the button light 482 is blinking, thereby indicating to the
PCT/ US95/ 1350gerator that the substrate hBeding 60 hgs beerFprovesssd 3 Abread¥ltdBe fovid! Bk

418 is operatively e,n%‘%aed w th a door . shaft 422 which extends
t hr ough a be&?ﬁﬁﬁ uBll A8 SFmalsip state ) untibthe; butions48Q isopressedo@t which time the

326 wheh ¢ neddehife” ui PRAEERA. B Hale e 8 SPBAY onigcstiis mmbed o the
door opened RETRACTELD pokiion t4 8160 Embea frdim the d?%w:g%plﬁ? 2B ENER d%pﬁg} ligHt 486

(Figure 44). The sensors 428, 430 include channe recei vin
door sensor #ndahe bpRomlight482 arei tumed offiand thengreert lipht¥8H redfaistoor in §@ek 6. The

reviously for_ fhe sensors . :
P y c?ockxtng m?it 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.

10 | 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

15 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

20 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:.

25 Message processing denotes receiving commands from and sending status information to the
host computer 545, as described previously. After processing the message in step 562 or if
there were no messages as determined in step 560, o'p'e}ation 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

30 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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308-310 and 389, 390. In this manner, the control circuitry determ nes when

t he door \&696}1?524 OPENED or CLOSED. ' SWJ}I}S@%:!?!& ends

into and dri'ves a kicker bracket 434. Kicker bracket 434 hasa upper °
ki cker roller 436.nounted theretp, a rol ft 4 and a | ower Kkicker
rol ler 4425 opm%onngraﬁ?e Y ﬁgﬂ’ef%b%efﬁ tﬁ% ﬁé$f£ﬁ4&’?l{§§@“ 1 ¢legyrd apd dhen to

pi vot shaf kief &8I wheér® el Mittbn'ighi 148235 Q49 Blink by. by Rdsad
which is m')uegt ed in a beari rzllg %2 'rg%:e?\gg?hvn\}(tbﬁiarllteg&aﬁgag%%&'gialr#% gerrine §he _
248. Pi vot BAREFONLGT signal o frerntstap 368 ori ifj e RIRSTITMERRES: bit 4%6 - cldir ¢k St 564,
bracket 456 has an upp ~ kicker roller 458 connected thereto %y a

er AN :

rol | er shaPperaion prageeds|tofiep S7P i determyne ifithe buttors480 hasbeen pressedher et 0 by a

roll er. shaft 46 . ferri to Fi gures 35-38, a_ port door

. 468 i $ connect egn $5P 520y 1 he pytjon £ l'gﬁ&of]ﬁegmpressgcﬂ operatipp peoceadsstorsien:5¢ihtor
door nount pRigedd @ Bkssddes fréifthe HONRK ' i oh Hﬁfﬁﬁ ' .

434, 456 agd ﬁounti ngssﬁgacket 4e_72 aﬁgﬂ%&ﬁéggﬁ??bg%ﬁg%ggm gﬂlﬁggﬁgc’é%untﬂ

t hr ough br theksubstiate housing 60 isirethaved or 4den ithret buttancd8eris phcdded. 4HGhe bhtton 486H

256 for 20 pur poses of

o h ith he.righ id |

Tl uetrat i BRESSOR ppeation Bpoasrs 1o Siep 0 Wkere fhe itopdiaht 485 s mewd o end dhem to

| at 242, 4.4t £t i | 254
Pl oLe 2t G steP 374 where thedflY Fsolk Hoved 1 e MIDBER nositd o' Al UV EMe oR
wi t h 1ohe niguitine)ddseaibetEbslow) toostmirol e By inoftR 282N Dperaicl probedd b ke at6280-

"It is noted that the port area 470 need not be tightly sealed since the
pressure ofletemeingiifa TIMEOUT bitthas beemsett The TIMEQLIT bit willcbe: desctibeamotecfully

surroundi ng_,or anbient .air.,. Nonet hel ess, the t, - or. 468, the base {
ot o Do Belfl. By uhehyisk iidics SreaBeciirdpetaige” I the-TBaROLICbi has potpencetic

| at e . . ; S i .
B £ er nat | vPETIoH pRERAISA S ST WHAS A PRESERT. bid % Hioiliofel il Giile i18he
provi ded, iubstratedioasidg 60riostile predentr Thixisa pregautionay step since the substrate housing

15 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
20 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 beeh pressed. If the
buttdn 480 has been pressed, the tray 262 is moved back to the RETRACTED position.
Thus, the operatbr presses the button 480 in the event that it is determined that t}ze wrong
25 substrate housing 60 has been placed on the docking 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
30 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 lo?,ded into the docking unit 240 or not,
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the port area 470, and thus the anbient air in the alternative enbodi nent,
fromthe godern1s24 environnent. Such other door neans wowplcgdwayasie be
.opened to allow access of the interior 30 space 92 of the substrate

si nce, Wllla% be descr%{%gg‘%ysﬁ b %éuoqfﬁécﬁ%g ﬁ_(ﬁgsrt%e#‘ g##ﬁgg§ms§%¥°«a

hou5|ng 60

-housi ng 60

fluid conmuni cati on and access of the

&emiibe if the TIMEQUTtbitlRaY be@ﬁ&eﬁf:ﬂxdalﬁggqa eiorUITE A RiBdE! ié d&eq?]éd aw

erior space 92,

t he subst r asteps 59Q.6operasioniproededs te step 1502 where - BOADEDbitrjs! cfheckéabm determine if

VO 96/ 11524
PCT/ US95/ 138§ gubstrate housing, 6D i, laaged, g8 Rot- w&f e substrase HBW 69 is/igaded.coneration

s "Shotn | nORPE 8RR BB 249 orcbllS oy Barter messpady el MBRAecs o compand e,

housi ng

tray drive
shown) for
nDtors 282,

of st at us I

exhi bit the

10

15

20

received6ni e hbb@cdimnextms\/& deterfriifed/insich 58’6 pesatiod pfd&eésoauédﬂ?
asse 5%3; 280 and a housing 477 for a power supply (not
[

tol step If the rsubsﬁatq;hwsmg 6§ isinetcloadesti opedation loops back mdtep di84t tbe
ﬁ%ﬁva“xfaﬁ»sa‘wa Hol s 67 ok White b sibieac hruiner 4 Joada,
;%ngt% rs g‘? een % i ssgrt% s?zegmfg%;gﬁcb??\a/{g:h%ﬁhg 66%8&@ p&&essed
Before the substrate housmg 60 is loaded or after it is unloaded, 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

25

30

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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Referring to Figures 46-57, the interaction of docking unit 240 with

subst r &t ' 10 60 will be described in greater detgddmsoki§sfol Oht
si de pl af‘gﬁ%éulhg not included in Figures 49 and . 55ﬁ%+or pur poses of °

illustrati i es 4 Ll ust h bst.r at It d
atop o B2 LRI Ruklel o PGS R R Bl By, GMERAOR it s
door 120 i Rirhécut dbédFd? ckBiired, operationt PlocbRHd bASK td §t9§‘66§%6§&5€6%8§§ Q&v&@gn
is positioned atop tray 262 By rolling wheels 238 on tray Side

pl at es 266,step8H62Tandy 66® Bntik either edtimeovoatutsy ot uatl thei door d29eishintatdl®d. If a

thereby 15 ., _posjtiaqning | gtch actuator, pins 346, 364 adjacent to housing
| at ches 16XmeaydH ,SL(PQJSI%E ,_bﬁgmy,thggoor 120 i unlatched, antesvor icanditign e iticated andhe

130 eriahgo<PRrih prokasto ity dba Ut 88 tictbmBNIS P nfif e maimsperch s

ki cker " relthedsort R bédothesAinldtbhed ROSED -'gg@ ,bef&s-aﬁ%éoﬁggaarggﬁp?h{g&

ki cker brackets 434, 456, the rollers. 6, 442, 458 a
door 120, tpneceads tocstep 666 where tsdentnotor 3%k isrdpetatedi®pen 3 doer 196t AsowilDbe

rotate about a.fixed c enter of rptation (FCCR) 490. i
Referring %sﬁhjgr@rﬁm%ef%d&% SER &p&s -i P Bd Jthew ipstrycss dhe

nmot or 370 ' ' 26, @arward, ereby pivoting
cam act vat demeonalis FZA EAHRd ko the MOVEMRTGR Hiide rdr ecralife thi Fob
respend i velnyotot De4.eAs will be Hesegibéd belowg tioOMOVEMGEOR Irbutie’ R113€d ité control all
Figure 52. An outline of the [gassages 178, 196 and corresi)ondi ng sl anted
edges 177, steppermotas, including) the ook :080m3%4and 8w maymosw, 282 s Hert evest gocucs (
t he substrate housing 6@ are als ho F D, . . .. Flgure 51. Thus, as the
s 342, JWE0E RRetePR 82 B aIAPPR PRIk K yaM it s sctdndicatin it a1 frauy ok peSired
348, 366, NFRALEHArifdnrendhefoRVBE MOVTEMOTOR LIRS th sted B6 R &de%
177, 195 to al igl%] t he e substrate housing l60ﬁiosn ﬁ6e€t ay fégj?o"l i .E’e -
substrat e Isteps668ywherei the JAM diitr isaronitdred) toe determine if theFdodrhi20nhescbeeq propérye
t uat i 346, 364 d . cor, di ri 348, 366 s full L
ac ualsor plO?E_NEB. If the %RM _%(i)trlrsessep ?nnstlelr)] %63,6 g;r:elrant?osn proceeds to s(filerpe66‘iJ to )énter the
main_tenance.mode. Otherwise, operation proceeds to step 670. Here, the parameters are
_loadéd for operating the tray motor 282 to insert the substrate housing 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

20. monitored. If the JAM bit is set indicating erroneous operation, 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
.r.outir:le returns operation back to the MAIN routine. S |

25 | Referring now to Figure 64; a flowchart diagram' of an UNLOAD routine:is. shown_.

' Which is executed by thé microcontroller 512 when the substrate housing 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

| fhe tray motor 282 to move the substrate housing 60 from the INSERTED position to the
30  MIDDLE position. and again, the MOVEMOTOR routine is ca_lled. 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

34



30 inserted as shown in Figure 52, the substrate housing 60 is securely
held to the tray 262. Door drive assenbly 392 therea [ t

door shaf t W%/ h pivots kickers 434, 456, thereby EE‘?;USQIS%

si mul t aneousl y_openi ng, port door 468 and housi ng door 120 by rotating about
FCCR 490, asas determined in|stepr 4944 eaerbt;oranros¢qd§\xpm69&dvm thndaor 120 i5iCLOSEBAyY

r;k;t e that them%)go%lzo ol epgr%gxs S Br operating the door motor 394 and calling the

PCT/ US95/ 135\£VEMOTOR rBﬁﬁ'x% n@g@&u@%}&&%@% Stef 90D ﬁﬁé%g@%%m F'c’ﬂgcked

unit 240 are opened sinultaneou 0Si
the interiorAggiaci the JAM bitds selbmtstep 200y coperatipn GRocesds fo fHeLmdmtenance mode Stef
comuni cation with the port area 470 and thus with the mni environnent.

i s not e#l t ha@96 hOtherwise, OPWME%%SHP ofemA)2 mderenthg Jatch gnotar 330 is operated to

nccess s prigtlhE e 2REF 1300 ki i BioBeddsitb Seporoa wESR THE nfiBichcpensor
and FHYGH cHécked $o Htemniny ifRe d&&emdlb%nxmka o}ﬁﬁoe rrgggtt gp&aﬁﬁ’ﬂi eeds to

Referring to Figures 55-57, tray drive assenbly 276 t novesS tray
262 to an step 706l CHEERBineT vﬂaeﬁ:decthpoM@UTt biti hasebeert Iset indiedtingt erroneous

housing 60 into the_port area 470 and.to
d operation. IP not, operatzlion proceed% back to step 704, where operation loops between steps

10 704 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.

15 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
20 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 Whlch of
multiple segments is being performed at.a given tlme, a complete move being made up by
. these segments. In general, the MOVEMOTOR routine controls the respective stepper
25 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
30 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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abut the substrate housing 60 against bul khead 250. In this configuration,

subst r at within substrate housing 60 nay be di pegfjsys/pagessed
t hr ough ??gﬁgg%pport 252 and robotic equi pnent or ot her

S0 LB Jagk RSN mhebin [RGB hoc Shah

rollers 444eloffef f6105 G2ven segment, dnda MdtoroédHol 38 EQ: e
FCCR The bearl ngs 13?&138 permt t he act uatorgﬁ{éo v 0 fng gllé% bﬁt?

door 120 t including an #‘C&Eh)bmt@nﬁioater\mheihercarsteppsr mbmrsmme}etdtmgfw udmmaﬁ&g 5
noves to t ositiqn, the door EITB.I ns_stationary. The door
120 is thu&é&l&ﬁ@g&ﬁ bit to an@'é%éﬂleﬂ& tﬁ? Feloghy.ie ctlmglgwstm &pastﬁnugmd]g
60 by t he 4 .The .abuyt. 52
prevedt .« KESToSRORRY birthich Mol Bidieat® i the sopmenidBypiellf if Rl e ad
substrate bemmgfﬁﬁ,mé‘he procedure |s perforrred in the reverse order to

unl oad the substrate : housi ng 60 and to ¢l ose the door 120. 20
Once the subst r in the mex6step 743 phe AM hitiie glearsdanddben operatidreprocesds de steg 714

Toved  oar WAFRP S ﬁﬁve%srebﬁ%er&scr?b d”ﬁ%gbfrsﬁﬁga‘&ngqr eRefori, Sk fongions
h f
door 468 aoieiaon oSt o fig T3 WS o RERKFLAC MOMM YL FLAGSLOT ] B0,

t her aaf t er clearedd anh\oﬁlhé plysitabfagseans, 9271 Sor&ﬂé couresponding sﬁ?ﬁéﬁh@i@%ﬂlﬁ 37end
180, 25 respectively, thereb¥ al l owi ng Iatches 162 -and O.toreturn to

the | oc kedp@&wblgumammﬁ cgnter glgt for purposes qfecostrgls i The fost ime aflpg bm&s mlglss

respectivef T d 8 ves 362.t0
et et N e R RpPRRE St e R0, OB S o g maﬁgmshe
substrate hwsmeﬂ 6iCh inBtd?§s hedFRoRplétion THeabearOid then unbroken when the Fg 16t i89
to-Figures 58 and 59, perspective views are shown illustrating an upper

reached, so that the sensor is no longer tripped. If the motion continues until the sensor is

—r

;-4

15 again tripped on the far side of the physical slot, motion is immediately terminated since the
maxxmum desired travel or dlsplacement has occurred ) S |
| 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
20 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 exeeutes 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
25 enabled in step 720 to allow the interrupt routines to be executed. T
Operation_.preeeec_ls to step 721 where a NEWSTEPCOUNT bit is macnitored 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 eveﬁtually
30 set in the T12ISR routine.. When the NEWSTEPCOUN_’_T bit is set, operation proceeds to
step 722 where the NEWSTEPCOUNT bit is cleared and then to step 723 to determine
whether the niode of 'oper.atior_ll is operational or r.n_a_inter-ia_pee.: If the operational mode is
indieated, operation proceeds to step 724 to determine if t_he sensor corresponding to the
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30 docki ng unit 240a stacked on top of a |ower docking unit 240b.

Al t hough docki ng units are shown stacked to .t 1S
under st ood 't 93{1\9%6% than two can be stacked together in 98‘]‘)?7%%%3559

fashi on. The power supply, housing 477 and the cover plate 244 of the | ower
docki ng uni F“P’e“‘ S@Pegm@%\g&mﬁeﬁ?g%ﬁ‘?d %b??eFIPES l@ﬁ%tms b EIovamER} isgnear

li g| t 240a arcsmakiig,g; i{?‘gﬁgenggpﬁasbﬁo‘i%een tripped, operation proceeds to step 725 where it is

PCT/ US95/ 13Qéfrmined whethdr! drtieot ZHENEARFIAG 6ibhys Bami @0CTf §8) th@PHRCRokDE must
coverplate 244- effectively serving as an _intermediate or’ dividing
plate in a Sevepwsecedsditodhe peinbmwhemnibeslatdn thephysicahiflapihas réaehéd thel segsor, and

477 is _connect r.the. el ec ni cs of both docking units 240a, 240b.
O course, ﬁ?ﬁAbng\ﬁb gﬁﬁ?ﬂiiqos configured to provide the necessary
anmount of power UEXRFIDRG b s Lxﬁt?éﬁﬁ Lt Lon
of each of the dggllgiféqng units 240a,€ha§?1‘%)°tt) ?egﬁggggﬁﬁeﬁ%y t {ehg&b 725 gs)%; 3‘& _
very sim | aFLAGSIOT dicisi set) inistep 726 opexatitas procbels tprstep P2% | where the value in the
Referring now to Figure 60, a schematic diagramis_shown of the electronic
control STEPCQUIE regjsters &y compatsd; mith thee TIEALN§TERS: pasmneterhe Step nd%y
portions of détgﬁnﬁgy Wh%{he? tHe" Hirkeny sggfn(xaent is finished, and if not, operation proceeds back to
10 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
15 730 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
20 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
25 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
30 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
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prefera_tbly nmounted on a printed circuit board (PCB) (not shown) |ocated in

housi NG /S e6/11524 Power is provided froma power supplypcifisosisye)
typically nounted in the housing 477 - The tray retracted sensor

opened seriegtmit (o EARRILCH Bt e et Bevieds sefand o s hise b SIVEBRESY bise

l'atch sensgry, ftﬁﬁrd tep 73@%&%@%% EQe8C GU?(;&}

to the contgro C|$clun|§t$y t hrough connectors ° g tIPth%@l\% pﬁ%‘%}Q

J10 and JlHeenrsets pperatiortefurné\badkotogitepn. ipvever if theNBARFLAG bit wasalot ¥étlas s
connect each of the sensors 308, 309,

15 are proyxided to electrlcall
310, 430, gmr,!mmn stepy/3/ner if the TTX’IEQHE bit,was prexiaysly sebas determipeshin sten B9,

or of of bl yPRAPAALSH Rrosfedh i web Al b E LR Ef@i%ﬁeafganso&seeeaﬁm EFPrRs

pref er abl ystep 740 or ifotde ﬂ.AGSDOquﬁfwﬁaﬂ&eﬁﬁmE@Qs §tOnSs ogératlon
connected to ground and pin two is connect ed t hrough ;

resi st or s proceeds to/gep 739, rdescmbedfabemh of the connectors J4 J7 |s 20
oMo, R o 5 8, i B s AR S
Li kew se, t - 11 h
Likeu se. @4 TigiR Sheftanihuflt ‘ﬁé‘ oty 6 Bhergl, the T1215K okl ftohind'the dhudh "

respeeti vedt ofithetre ecﬁwﬁeébdrmdtoﬂbé drixvef0Op eﬂiﬁbﬁﬂbe s 50t whdrée
mux 502. éppmg sp“Two four-bit DI Iéﬁ%wltch ackages, gS\/\L ?r?g SW, form

an ei ght - the SIERRRESS register 156!10’9@132@‘1 y the vatyedn, Bmcmé megister. nGpetation (

docki t 240 relatiye t |
depend n TBEFs o BRR 143, bhets, e, waliccin, B, SEPRER irfeieit is rommared o the
swi t ches YEpPEREYHOLD value. IfTﬁiS vBHiérm%tt STYEPREG Yepidle? i sO%né:\u)} &%ﬁ g!guﬂ&&

connected through separate pull-up resistors 506
al so connethe STEPTHRESHOLDVajue3 thearitis détermined thav pulse should 6 appliedaoftheistep

output termnals of the switch SW are connected through separate pull-up
resi 3% or s iBpwt qfhe stepper motor to advance the motor by one step. - If so, operation proceeds to step
754, where the STEPREG r.eglstel_' 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.
Operation proceeds to step _7_56'wher_e a pulse is applied to the step input of the stepper motor
20 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 ihat the

: stepper motor has been advanced by one step. Operation proceeds to step 760 wriere the
NEWSTEPCOUNT bit is set and then to,step 762 where the T12 interrupt request and the

25 counter register are b_bth cleared. Referring back to step 752, if the STEPREG _re;ister has
not yet become equal to the STEPTHRESHOLD value, opér‘ation. 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

30 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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30 VCC and are al so connected to the 1A, 2A, 3A and 4A inputs,
respectlvewbg‘;ﬁflsj.,he mux 504. Pin two of the pgpRR /%}1'9]11

s connected to ground and pin one provides a signal ™™

connected t V e coI ect r of a
transistor gfwnnga&%i#g%ﬁ{s? ? '%P %g S{@F t\‘/ 3 8 » ONGDBIPR RroeReds
transistor g4 5%9714' YhereAhé QQI@L bit is monitored to detsnnme whether the stepper motor is

19 96/ 11524
PCT/ US95/ 13bgiag accelerated’ @riMevEleiateds dénthe citeppet matog lis defrps asdelsrated 0 opératitie

base of transi st m tter connected to round Thi's
forns a onep‘v'ﬂqeé&o‘ﬁ§‘% gwg%slfrmé?tmpefmﬂﬁ%%néhwﬁ CITYeregister is

i or oot r oRTEie i Griau0R! B BN VETOITY Uille B the AL GEITYANC vaft” this
full'y bel owsteplagsugéy that the velotity @4l nbﬂEvin%réﬂE?’%%% tROENDIORL G TYOHIGE [ B Ghe

to ground and their LB inputs receive a si SEL. Wien the SEL
signal is pualuedn the VEROATYNpegistenis tiens cthe SEANID MELQCH S alabhet exinwsn dhe

O esP o, S OCHATNG ValuB) Spersiion proceeds fo stes 178 ‘Wiers e WHHOENR, Segister is
incremented or increased by the VELOCITYINC value and operation proceeds to step 792,
10 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

15 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

20 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. o

25 ' 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

30 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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the B inputs are sel ected i nst ead. The heart of the control
circuitry shown in Figure 60 is a mcrocontroller 512, whi } 0

pr ef er abl ?‘HESMC 17C42 hi gh performance eight-bit CMOS nggépsﬂ

m crocontrol |l er_ by

512 i ncl udBEpceedsite_stn 780 S‘gﬂmc gﬁgﬁgﬁ?i Iﬁg@”ﬁ'ﬁ% i_sl' ‘?"%éﬁ“gﬂ‘gﬁgk%g T°%|§1|:P%r°n
12 incl P . rgrials "RAG FAS
Cuont 11 eabiseds SEY |o syEl 780, AR HeOT S Sitderdaf roqst it Giéhrean ‘opBiafibn roums

- RDO- RD7 ang tfie calling rottihece- bit E port REO - RE2.. Several pins of the A-E.

ports are nultiplexed with other signal 15 functions_as known to those
skilled in the Although thexmatbod andappmatsnfthrpreseripinventionshas been described in
alternativel serve s interru L Nput s.. recei ving ,Signal s, TRAYMIREAULT
and 5 Coghertarpt B¢ aretemed SRbarpah i C AR fipbed B 86 Jimieara the Seretc,
- 282 and thg, Jogl: FRH herein, byt @%ermw,lu%yménawts &¥ver Aieh Ffernatives, |
preferably serve as recelve ? and transmt (TX) ports,
respect i vehodifivations; and efuivalegts passcaiRfi€ieadonably intihded withinethe spieit und seope of
i npl enent 20 serial_comuni cations, described bel ow. The 1Y,” 2Y, 3Y and
4Y out put sthefinvensiomas defined by the ap, i8S gnal s MUXO, MUX1, MUX2 AND
MJUX3, respectively to the RBO, RBl1, RB2 and . RB3 inputs respectively
of the mcrocontroller 512. Likew se, the 1Y-4Y outputs of the nux
504 provide signals MJX4-MJX7 to the RB4-RB7 inputs, respectively, of the
~mcrcontroller 512. 25 The tray nmotor 282 is controlled
t hrough a si x-pin connector J13, where a signal -~ = TRAYMIRSTEP i s
asserted through pin 1, a signal TRAYMIRDIR is asserted through pin 2, {
a signal RESETSTEPMIRS is asserted through pin 5 and the TRAYMIRFAULT
signal is asserted through pin 6 of the connector J13. The
TRAYMIRSTEP, TRAYMIRDI R, and
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RESETSTEPMIRS si gnal S
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connect or “\jég 5554 conn

notor 394 is _controlle

signal s
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RDI R signals are provided by t

RC3 outzput phvisormfienttheomprising: nicrocontrol |l er 512, respectively. P| ns 3

and 4 of the conn

to VCC Al t hough

ct J14 are .connecte
not exglicitly sﬁgm’f%af’ @dﬂﬁ@@f%ﬁaﬁeﬁ‘i‘gmgﬂﬁnf&&@%ﬁﬁ%t ed to separate
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direction of the tray nmotor 282 and the door notor

st epper,
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7
8
9

10

said plurality of substrates in spaced relationship 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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respectively, where the direction indicates either clockwise or :

count efc ' rotation. The m crocontrol |l er 512 pul se,
pr ef erablk'&sgmgﬁt ive pul se, on the step signals Tﬁ%éggﬁiﬁ or )
DOORMTRSTEP t o dvarlﬁgqthe.trq?.y notor. 282 or the door notor 394, 10
respektively, b? onel & hgysing o claing; 6, furthep FOMPGSEGt ed by t he direction .
signal]s. The v j c t4 afithe 11 t

t he (}Jo'or not or %%blg%seéﬁﬁt ér%oeugt d_yt%t e‘ll E{Sﬁbfg?%g?%g%:}ggéélﬂg sfd 8‘ ngégier .ego on
t he TRAY tHranstatiDVaRVERBREDetviea 8hid box #ndosaid dosr @it salf dédr® pivoted to
The TRAYMIRFAULT and DOORMIRFAULT signals are asserted by the notor drivers
of 4 saidapenpR§itiods or 282 and the door notor 394, respectively, upon -

occurrence of fault or error 15 - conditions detected by the respective
stepper notor driver. The mcrocontroller 512 resets both st epper
mot ors by tenpogari | yhARaRing!oFlain, Rirler sumpidiiy Si gnal . The

RC5 output of the microcontrol ler 512 provides a signal SONALERT, which is
provigled t hr ouglaidatracksissambly fricluding & bhannel; end furthet inehsadirgg o1 abgémenthit ohe exd
preferably a, 2N2222 = | n-changel hi - pol ar, type transistor. The em{tter
of the trdasinerfacingsaid pivehmeansswhemsaid dooriis ip gaidslosed positien jand ferproyviding

connected to 0O ri.nal.. S . having its other term nal
_conne“ct ed su. pox??or,ﬁpﬁﬁ?& %ﬁgoéogﬁ%oeﬁ%%@% Xr}d; this manner, when the
junpey 518 is i g4l Pivetneand encluding at Khstione Be _.hﬂhn%&%o%&iﬁddbo%' Whérk said

t hrough the SONALERT signal to-sound an al arm throug t he speaker
516. éThe Medring epgagesfsatdrabutinentotoofacilisatecpivatbny paid\dode and hwheréin\saidbearing

signal to g data tQ .t he,t{quch ry 103 through the connector Jl11 when
The" Touch sheably mgpies Sigin 9id phanpel G PBi7ack 3y Tt i (el aROR O EFBRR e o y
contacts 269. The TMsignal is normal Iy pull ed high through the '

resi stor 508. The touch nenory 103 sends data or otherw se

corkn'runi cat eﬁ byg. pul | Thechdubing b¥chaimg 6aivherein $aid s8abgoraprisessy nor e pul'ses.
Li kewi se, the

2 an O-ring; '

3 a front panel having an opening for aligning with said opening, said front panel

4 further including a circular groove about its perimeter for receiving said O-ring;

5 mounting means for mounting said front panel to said top, bottom, right and left

6 panels compressing said O-ring creating an girtight seal;

7 aspongy seal;and _

8 said door further including a circular groove about its perimeter for receiving said

9 spongy seal, wherein said door compresses said spongy seal between said door and said front
10 pane] creating an airtight when said door is in said closed position.

1 10. | The housing of claim 9, further comprising: |

2 ~ said front panel including a sharp edgé engaging said spongy seal when said door is

3 in said closed position.

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

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

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

2 panéls including a left panel, a right panel, a top panel, a bottom panel and a rear panel, and

T 111




m crocontrol l er 512 sends data or otherw se conmuni cates to the touch

menory 103waysesn11524 asserting positive pul ses on the TCHVEMPdrnsdogAsd1e
whi ch correspondi ngly grounds or 30 ot herwi se pul ses the TMsignal. The

mai n saf t war, | er referably
ol 's” the oL ERGaRY S 5 gkt paSIS e SO 84 168 o Bopomeeenly bsiae 2 i and
TCHVEM@UT  groove ififeffaéé. and then nonitoring the TM'signal to detect any

responses by the touch nmenory 103. This is referred to as presence
detect, where the m crocontrol l er 512 determ nes that the touch

21 /11 '
PCT/ US$5/ 13519 o 19 Sﬁwm«ﬁw afpelaim 13 phersin said lefk aad irighe panelsare ehemically

housi ng 60 ?&&? pl aci ng the touch

rrermryg103 Pﬁnﬁd&é?rﬂiﬁicta q%cgh ac \%E%l%{bt é‘{t?éﬂ%ﬁé%ﬁﬁ?‘ly contacts 269.

Qut put pin RC7 of the mcrocontroller 512 provides the SEL signal to the

nmuxes 502 and 504. In this manner, when the SEL signal is asserted

| ow, tRe nicrocodfol IT@PhQMSGﬁlh@ég,mer@mpnsi@E ADDR from switches

SW. ang SW2 thro rruxes 608 and 610 into B port pins RBO- RB7 of

the m rocontrol If the SEL signal is asserted high, the

m crocgntrol |l er V. 309

e Ca30. ' 380 3230“1 Tear %a?%%ngﬁx‘gﬁj[goféﬁaﬁ@gfoﬁ%%m i PFieter Y0P receiving sai s4id'0-
4 ring; an

5 mounting means for mounting said rear panel to said top, bottom, right and left

6 paneis compressing said O-ring to form an air tight seal.

1 15.  The housing of claim 1, wherein said box comprises a polycarbonate material.
1 16.  The housing of claim 1, further comprising:

2 a memory device mounted to said box for storing information of said substrates
3 within said box.

1 17. The housing of claim 16, wherein said information stored in said memory

2 device includes identification and history of said substrates.

1 18. A docking unit for receiving a housing containing articles and for
2 manipulating the housing to allow access of the articles while in the housing, the housing

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

4 " a bulkhead assembly defining a port area; -~

5 " atray assembly mounted to said bulkhead assembly for receiving the housing and for

6 aliowing horizontal movement of the housing between an initial access position adjacent said

7 bulkhead assembly and an inserted access position within said bulkhead assembly while the

8 housing is on said tray assembly; and

s a door drive assembly mounted to said bulkhead assembly for interfacing the door of
10 the housing when the housing is in said initial access position and for opening and closing

R L “ Hllliitﬁiimﬂeﬁa«d




menory 103. The RDO pin of mcrocontroller 512 is connected

to the ‘c%ﬁ%ﬁéﬁg alight emtting 10 di ode (LED) CRI1, pievsiaseits
anode connected to VCC through a resistor 520. Simlarly, t he RD1

pin qf themicr n I 3 i.S: ed to the cat.hode of .anot her, LE
Gro, 1o " "o SRR AR Wiel e L 9P I bodsthe Bn fid R el cvn 58,
The fiizcrocﬁ&'fthfélahﬁ}{en\"—tﬂ@housingdodr'i% tes whether it is transmtting or
receiving data by turning on the LED CRlL or the LED CR2 t hrough the
RDO, RD1 pins, respectively. The RD2 and RD3 pins of port D of the 15
m crocontrol |l er 512 %O\rﬁ‘f_l _sigggls LATCHMIRA and LATCHMIRB to the I N1 and

INg 1 i npd?s oflhg | of; glaim 118, qyhersin spidqbylicheads assembly funther
pi ns glJTl g&ﬁ 2 of the notor driver 524 are connected to pins 1
and 2%respec PUS y of a connector J19, which is further connect ed

to thg terninal Sbﬁﬂchbﬁtﬁphﬁlﬁdﬁﬁpﬁp%ﬁﬁg foPaNEwingOfiuidicofmurilatdA vl sad Port
y

connect ed . to the QUT1 and 2 outputs, respectively, of the tor
dri ves 524areatande t he cat hodes of 20 the diodes D, D2 are connected to
a twelve volt power signal, 12V. Cat hodes o i m|ar ) . di odes D3
and D& are conn@ﬁ‘gﬂltyﬁ??wgp mawﬂte%l%?}{'%@ﬁ%%@&fml%dmnﬂﬁ%

not or driver 524, where the anodes of the. diodes D3, D4 are
connected to ground. ‘It is noted that the | atch motor 370 is a DC
el ectgi cal not o20r at The dodking anisbfeipien 18iovierein saiditiay asseaiblg comptises:

m crocontrol l er 512 controls the latch notor 370 through the LATCHMIRA and
25 2| ATCHMTRB8uid S5 - The output pins RD4, RD5 and RD6

§ means Lo :
provi de signals E I Y. - L1 GHI, and LI GHT. t hr.ough {
resistors 526, g%y?ﬁ%l‘ﬁg%?ﬁgr ﬁgﬁt%e ?/POP%JTQ’PF@‘%%@Y@]E%BIY engaging Sa‘,‘ijg‘“de-
transistorgefldy; Q4 and @, respectively. The transistors B, Q4 and b are
pref erably bi-pol ar '

5 drive pulley means operaﬁvely engaged' with said tray;

6 | _ a geérbox dﬁeraﬁvely engaging said drive pulley means; and

7 a tray motor operatively engagéd with said geai'qu for moving the housing between
8 said initial and said inserted access pb_sitions.

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

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

4 a tray location flag mounted to said drive pulley means indicative of the position of

5 said tray; | AT
6 _ atray retracted sensor positioned to interface said tray location flag when said tray is

7 . insaid retracted position;

8 © atray middlé_ sensor positioned to interface said tray location flag whén said tray is in
9 said initial access position;
10 ~ atray inserted sensor positioned to inférfac_é said tray location flag when said tray is
11 in said inserted access .position; and |
12 " acontroller coupled to said tray motor and said tray sensors, said controller receiving
13 signals from said tray sensors and controlling said tray motor to control the position of said
14 tray.

- This Sheet Has Been Re
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2N2222 type transistors each havi ng’ t:h 9 mﬂﬂﬂ qmect ed to ground. The
collcctors b g0 transstors o[ HNREEHRorncct oo, =
e s A A A
i gnal BUTTONLGr T §e mesgs comRiRE R0, | 15, B ese e ien A

I23éT/ U8935/ 1351\599 %aﬁﬁé@ﬂig?ntteﬁéo ?naicfl::rg)égorftrglcl)ﬁl%re B f%ngasr?ciid fasﬂs'al so connected to

the base of another transistor @ through a resistor 532, where the

transistor Q6 is .also 2N2222 bi, - ar pe transistor. The emitter of

the trahsistor s C%MW%@DM%@%%S@WPW@@@W@WO

pin 5 t he con _ : rf&éx% ' [ t to the button |ight

482 within the b[}?f%tﬁﬁsm.for&ntsel gnaF%%T?g’%@gﬁ%’ nected to the RA2

pin of 2 he m crocnddor adter opedativelyCerigaginp Baid pivotmhins S piedtlly éﬂ&ﬁrrgomﬂ]closing
e

pul lup resistor 534 is connected between VCC and the BUTTON signal™
cont act4s of thewkousing door. butt'on 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.
1 24.  The docking unit of claim 23, further comprising:
2 a door flag mounted to said pivot means indicative of the position of said door motor;
3 a door plosed sensor positioned to interface said door flag when said tray is in said
4 initial access position and the housing door is closed;
5 a door opened sensor positioned to interface said door flag when said tray is in said
6 initial access position and the housing door is open; and
7 a controller coupled to said door motor and said door sensors, said controller
8 receiving signals from said door sensors and controlling said door motor to open and close
S the housing door.
1 | 25.  The docking unit of claim 23, wherein said pivot means includes:
2 a port door pivotally connected to said bulkhead assembly for enclosing said port
3 area when in a closed position.
1 26.  The docking unit of claim 25, wherein said pivot means further inclydes:.
2 a door shaft mounted to said port door; and
3 " a gearbox operatively engaged with said door shaft and said door motor. -
1 27.  The docking unit of claim 25, wherein the housing includes a door actuator
2 assembly connected to the housing door which operatively engages said port door when the
3 housing is in said initial access position, wherein said door drive assembly simultaneously
4 opens and closes said port door and the housing door. o
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The RA4/RX pin of the mcrocontroller 512 is connected to the 1Y input of a

nmux 540, which is.simlar to the nuxes 502 and 504 si gnal

i's asserfvé’cpwsyhe RA5/ TX pi n of + the mcrocontrol I%?F’g%ﬁ%l—gt he D -
i nput of a serial port 536, which is preferably an SN75176B capabl e
of c@nforning seidideer petuaterassembly beimneiyotally eonngcied tathe housingsand! so to the |

T1I'N i QRUL.. Of ' 8, ' . ' bl MAX232., .
conf &r ni ng toI P@M—sﬁf?ﬁrgﬁﬁa‘i?g&mﬁ@ mcmsagg ?aé 1§%W%§5’??é8ﬁ§maf?fewmh
out Pyl Of oditively chgfch Sald bR Gbtior GsioibIXwHeA the Rbujifi? i Psald initialP ks

port 536, which receives a signal XM TENABLE at its chip ena | nput's
provisded position. the RE1 output pin of the microcontroller 512. The
RE2 out put of the mcrocontroller 512 provi des a signal MAI NTRCV,
which is provided to the /B input of the nux 540. The 1B out put of

the gux 540 i 5,grovi 1 0:the R q rtad.i: J4he 232 serjal port
535 Trhe 2" Gy AR Ao it of ol 18 seres W 1shd Gofies Bl B
ar e gonnepjckihg!the Rbubingldovfsaid dotking uritfupbier ¢onsprisingdf a 3- pi n connector J2,
having its third pin connected to ground. A siXx-pin connector J3 is

providded for ceasamdbllowerassemblymaowted tosaid-ray-assembly apd operativily engaging the

performn nual ~mai.nt enance functions. to,test .operati on pof the .daockin
Uni t 4240, ighel Be hbusing Torogking and wplotking the Rapsing doorwiilk, omid fniti) ackes?
R1I Ngi npu#,oggglgtagg i nverted T1OUT out put, g respectively, of the 232
serial potft . 25 ' The connector J2 is connected to a serial
conngctor of aalvant assemblyt mouitéd to skidrbmikhead assembly a®operatively epgddingd s4id
facilitates RS 485 conmmuni cati ons between the microcontroller 512 and the |
host 7conpeamafolipyer assemblp? serial port 538 facilitates RS 232 serial

comuni cations wth the , handhel d mai nt enance devi ce through the
connector J3. Thus, transmt signals provided by the

m crgcont r ol | esp512 TR dbélangthil oféldinR D9, Fufthér @Wip#Rfhgt 0 both serial ports
- 536 and 538. ' ' B "

2 said cam assembly including a cam motor operétively engaging a cam, wherein said
3 cam engages said cam follower assembly; ' |
a | a latch flag ope_ratively gngéged with said cam assembly having a position indicative
5  of the position of said cam; - | "
6 a latch locked sénsor positioned to interface said latch flag when said tray is in said
7 initial access position and the housing door is locked;
8 a latch unlocked sensor positioned to interface said latch flag when said tray is in said
9 initial access position and the housing door is unlocked; and
10 a controller coupled to said cam motor and said latch sensors, said controller
11 receiving signals from said latch sensors and controllin'g- said cam motor to lock and unlock
12 the housing door. |
1 " 31.  The docking unit of claim 18, wherein the housing includes a memory device
2 - mounted to the housing for storing information of the articles within the housing, said

3 docking unit further comprising:

4 a communication link mounted to said tray assembly for electrically interfacing said
5  memory device when the housing is placed on said tray assembly; and _
6 a processing system electrically coupled to said communication link, wherein said

7 . processing system detects the presence of said memory device and the housing when placed
: - ‘This Sheet Has Been Rei
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30 However, the microcontroller 512 |owers the MAINTRCV signal in
oper ati oh cp&g 0 receive data fromthe 485 serial pphise and
ul timat el s{v romq#‘fe host conputer 545, and the m crocont ro??'grl 512

rai ses the MAINT signal..in mai-nt enance node to receive data from
the 238 ser PRI 5%5% W’UWSF’F‘"P( SPid PROSESSOR SYRigHY Raareafies; Totrasvam cid, stqred

The handhel : : ; 23

VO 967 % 105 4fhform::ttxon from said memory device.

PCT/ US95/ 13519 mai nt enance unit all ows manual mani pul ati on of the
docking unit 240 for maintenance, and - _testing purposes.

The cosmuni cati oA2and T@&ldecklﬂamQfCbtmﬁécwhemmuéghﬁ!mﬁnnstombimsaickmeﬁéﬁj,

t he m.cr oc rojl e 12 of .the dacking .unit,240 and the touch
momor y2103 #FYiFe et Rspifisation a4 bistiryof Fre Atlcied st e BEuSRE renor v 163

preferably includes several data fields containing I nformation
specific to the substrate housing 60 and the substrates | oaded within the
substrate 33.  The docking unit of claim 31, wherein said memory device comprises a touch
2 memory and wherein said communication link comprises a one wire bus.
1 34.  The docking unit of claim 31, further comprising:
2 said tray assembly further including a retracted position for laterally receiving the
3 housing before the housing is moved to said initial access position; and
4 said processing system being electrically coupled to control said tray assembly and
5 said door drive assembly and further electrically coupled to said communication link,
6 wherein said processing system periodically polls said communication link for determining

7 the presence of said memory device and the housing and wherein said processing system

8 moves the housing to said initial access position upon detecting the presence of the housing.
1 35.  The docking unit of claim 34, further comprising:

2 a button coupled to said processing system; and

3 wherein said processing system moves the housing to said initial access position from

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

1 36.  The docking unit of claim 35, further comprising: .
2 said button including a button light mounted within and coupled to said processing

3 system, wherein said processing system blinks said button light to prompt a iiser of the
4 docicing unit to press said button after the housing is placed on said tray assembly.

1 37.  The docking unit of claim 35, wherein said processing system comprises:

2 a controller inciuding a second communication link; and '

3 a host computer coupled to said controller through said second communication link,

4 wherein said host computer queries the controller for the status of the hgg_s_@_x_l_g_, wherein said _
— 47 This Sheet Has Been Replaced
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housing 60. In general, the mcrocontroller 512 of the docking unit 240

provi des
substrat
novenent of |
fromthe tEH
conmpug er

m cr ocont

‘@ﬁﬁ',ﬂtsg;face for the host conputer 545 for pdgihRekhsget he
e

ousing 60 through the touch nmenory 103, controlling

er 512 to load or insert and unl oad the substrate

housing 60 and to retrieve and update information within the touch
menory 103. .The to 3‘2 Jrenpry 103 preferably includes
el a6 Wb

appr oki mat el y 300 bylhkesdegking, upit

erein $3id Jost eqrapyter) sendls rancingert

Thi's 4 nfor gel-h i onR bBASIIRR WhedHE Bofifly B0in DR hitidl ab8Rs Sodition, wherein said

3

4

controller respondingly opens the housing door and plabes the housing in said inserted 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.

h trate h ' 6 d di d Iyt data,t '
ety ORI iTheR i otetne Thpteens it & theyposinan.chibe
ﬁﬂwli]singontheﬁéﬁlﬁﬁghﬁt_operation by sendi ng commands to the

ro

10

t

- 41.  The docking unit of claim 37, wherein said host computer sends a retract

command to the controller when the housing is in said inserted access position, 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 positibning the

housing on said tray assembly. L _ ' -

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

a top plate removeably mounted 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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WO 96/11524 PCT/US95/13519

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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WO 96/ 11524

PCT/ US95/ %38 11524 ' Table 1: Cont @fydd ch
Menory 103 6u Data Fi el d# Data Field Contents Dat a Bytes %l&;éi yt els
End A Tot a
Start d:g\ ddr 47. TheBd?ch%ﬁystem of claml 46, wherexq_%g PAY and housing doors rotate
2 2 2'5about a fikd @ommon cen&@lﬁ' rotation v«ih%ﬁ opened and i
o & Jomumon c: P an céosed by sg@goor drive
0020 3 asslam!ﬂy 19h S Devi ce Type 15
-3 Route4 D 4 2 23 0040
0056 17h o '
1 48.  The docking system of claim 46, further comprising:
2 said door actuator assembly including a pivotal door assembly for pivotally moving
3 the door of the housing relative to the housing; and -
4 said door clrive assembly including a pivotal key operated actuator which operatively
5  engages said pivotal door assembly when said housing is in said initial access position.
1 49.  The docking system of claim 48, further comprising:
2 a track_'assembly mounted to said box, said track assembly including one or more

3 tracks each having a channel for sl'idebly engaging said pivotal door assembly, wherein after

4 said housing door is opened by said door drive assembly and placed in a stowed position
5 above said housing, said housing door remains stationary in said stowed position whlle said
6 tray assembly moves said housing into said inserted access position. .

1 - 50.  The docking system of claim 49, wherein said pivotal door assembly further

2 comprises bearings slidably mounted within said channels of said tracks.

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

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

1 - 52, The.docking system of claim 51,.further comprising:

2 o a plurality of bearings mounted to said box for rollably engaging said tray assembly;
3  and |

4 said tray assembly including side plates for rollably interfacing Said bearings,
5 . wherein said housing is laterally rolled onto said tray assembly while in said retracted
;6_ " position.

1 53.  The docking system of claim 44, said tray assembly further comprising:

R 50 This Sheet Has Been Re laced
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Wrk Step 4 Stop ID

lﬂ\flext T001SI WosGIIsM e3I D um\gﬁﬁﬂ ““ “\ﬂ\w pcrms@snssm

0071 12h
28 " 2 oogo @ Pluggipy of Buide ra‘?zh Sl ot3 Substrate | b
16 4 2 atray; 18 OOAO 0031 12h 7
Slot4 Substrate ID 16 18 00C0 00D1
12h 4 8 a plural8y aiftheBrihgs xm)tuntetiDo said frAy for rollably engaging said plb.ﬁrahty of
OO0EO 0QF% 12h 9 Sl ot6 Substrate ID
2 5  mguderailsgigp 0111 12h
1 54.  The docking system of claim 53, wherein:
2 said tray has a first side and a second side;
3 said plurality of guide rails includes a first guide rail positioned adjacent said first
4 side of said tray and a second guide rail positioned adjaceht said second side of said tray; and
5 said plurality of bearings including a first set of bearings mounted to said first side of
6 said tray for interfacing said first guide rail and a second set of bearings mounted to said
7 second side of said tray for interfacing said second guide rail, wherein said second set of

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

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

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

4 a cam follower assembly mounted to said tray assembly and operatively engaging
5 said latch assembly; and

6 a cam assembly mounted to said bulkhead assembly for engaging said cam follower
7 assembly when said housing is in said initial access position.

1 56.  The docking system of claim 55, wherein: -

2 ' said latch assembly includes at least one latch arm pivotally mounted to said box:..

3 said box including an access opening for accessing said latch arm; and

4 " said cam follower assembly including a cam arm having an actuator pin, wherein said
5 cam 'assembiy engages said cam follower assembly to move said cam arm so that said
6 actuator pin enters said access opening and engages said latch arm for _qr_ﬁockin__g said door of _
7 said housing. ' This Sheet Has Been R

1 57.  The docking system of claim 56, wherein ”mm ,'m” ”mi

2 said latch assembly includes a first latch arm pivotally mounted to one side of said
3 box and a second latch arm pivotally mounted to an opposing side of said box;

51
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18 6 O 1(1) sald canxfmligwer assembly dncluding a first cam arm having a first actuator pin and a

7 secorid cam arm having a second actuator pin, wherein said cam follower assembly moves

8 said first and second cam_.anns- so that said first and second actuator pins enter said first and

9 second accesé openings, respectively, to engage said first and second latch arms for

10 unlocking said door of said housing. '

1 58. The docking system of claim 57, wherein said first and second access

2 openings comprise opposing slanted slots formed in said box and wherem said first and

3 second actuator pins engage said slanted slots, respectively, for aligning sa1d housing with

4 said tray assembly. ‘

1 ' .59.. A method for positioning a housing in lproximity to a selected environment,

2 compnsmg the steps of:

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

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

5 moving said tray to thereby move said housin_g to a middle posiﬁon relative to said

6 docking unit;

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

8 said housing door; and

9 moving said tray to thereby move said housing to an inserted position relative to said
10 docking unit, said inserted position being in proximity to said selected environment.

1 60. A method for positioning a housing, as _re_'dited in claim 59, further corhprising

2 the step of sensing the positidn of said iray at said retracted position, said middle-position,

3 and said inserted position.

1 | 61. A method for positioning a housing, as recited in claim 59, further comprising
2 the step of unlocking said housing door prior to said step of simultaneously pivoting said
3 housing door and said docking unit door.

This Sheet Has Been R ﬂ

e 1] ER. ]



25

WO 96/11524 PCT/US95/13519

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. T
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WO 96/ 11524

PCT/ US95/°13519 In general, data field 1 includes

i.nf or mati onWOREHIRAc to the substrate housing 60 itsel f,  PCTUSISAIRY as
its identification nunber and origination date, data field 2 includes

devi ce type and cl eaning date information and data field 3 includes
inmformation of the history and status of the substrate housi ng 60.
Data fields 4-15 store information ‘py%§e substrates |l oaded within the 5
twel ve slots of the substrate housing . In this manner, the host conputer
545 can identify each of the substrates | oaded within the substrate
housing 60 and retrieve information concerning the substrate
housi ng 60 itself by reading the contents of the touch nenory 1083.

The information further includes cyclic redundancy check (CRC) bytes for
perform ng error detection, where a character generated at the
transmtting termnal is matched with a character 10 at the receiving-
terminal as known to those skilled in the art. Alternative types of error
detection are contenpl ated, such as checksumor the like for determ ning
the accuracy of the dat a conmuni cat ed. ' Communi cat i on
bet ween the host conputer -§Jm the m crocontroller 512 are

facilitated thr @gh use of \° 485 serial port §36 for inplenmenting RS 485
serial 15 comn<ni cati o4 Q\ general , the hos®computer 545 sends one of
several commands tQ the / \ icrocontroller 518 through the 485 serial
port 536 and the mx’r&oco Y ‘\ 12-responds . according to the
current conditions of th&/ gt (™ nit 240 and the sybstrate housi ng 60.
Tabl e . ) : ’

OC

142 ~
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2 illustrates several operational commands sent by the host conputer 545
and the ° correspondi ng responses provided by the mcrocontroller
512: WO 96/11524 PCT/US95/13519

2/55
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26 WD 96/ 11524

PCT/ US95/ 13519 Tabl e 2: Host conputer 545 Conmands and
Pocki ng Univb 9gdfs2&esponses Host ComPBGTaSIYI3A1%)
Responses from Docking Unit . Cmd - Command Nane
Dat a Rsp Response Nane (hex)
thex) - Dat a 1 St at us request
none 1 Not Present /55 —
2 Unl oaded ~%r
x ——————— 2
gj - *"\2 =)
{in
- - a1l
O @)
O o

.
-

< T &°
O O s
S}
3 =
O O
©
©
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3 Loadi ng/ Unl oadi ng
Loaded =

5 Error

error code wo 96/11524 2 Load
Acknowl edge Load none :
21 Error error code 3 Unl oad
none 30 Acknow edge Unl oad none
31 Error erré*/éiﬁe 4 Read Touch
Menory Data Field 40 Tag Dat a _ data filed
#, data _ 41 Error error code
5 Wite Touch Menory Data Field 50 Acknow edge Wite
none #, Dat e
51 Error error code
7 = =
( 2 | =
o ©O = O = o o
A N
19
< « 2
2 =
==

6 -1}
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6 Good Ack 60 None

None h 7 Bad Ack 70 None
none W096/11524 n t hi s manner, the host conputer 545 caRCHEBEY e the
status of the substrate housing 60 by sending a status request

command to the mcrocontroller 512, which responds by indicating 5
whet her the substrate housing 60 is 95;@52; or not, and if present, whether
t he substrate housing 60 is , unl oaded, or

| oadi ng/ unl oadi ng. Error information is al so-provided to . the host
conput er 545, iLf any. The host conmputer 545 sends a LOAD command to | oad
t he ' substrate housing 60 and the m crocontroller 512 responds with

t he appropriate nmessage,

e
f.\X\ ’P—-—-——-.:\-t-?\L‘L\\ I \K = \\w\ é
S g R s It
[wan 0
(&) )]
O] ©
4 )
g ~
i = i Eéh
1
© @
® ©
= =
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dependi ng upon the state of the docking unit 240. Likew se, the host

conput er” 545 sends an 10 UNLOAD conmand to unl oad the substrate
housi ng 60 W#/H8¥eci ves a response simlar to t haPCHUSEYPHRd about
for the LOAD command. ' The host conputer 545 retrieves
particular data fromthe touch nenory 103 by sendi ng a READ DATA
FI ELD command and providi ng the dat 361‘/§I5d nunber for the
27 WO 96/ 11524 =)
PCT/ US95/ 135188 i n'Pormation desired. This correspgnde tg=he
i nformation w thi —c /a-n n
1,
3 -
o o)
O o)
o o
- -
! © o s
l i 8 2
T 2
. o o <
1,

N
N
[
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described in Table 1 above. The m crocontroller 512 correspondi ngly reads
the information fromthe appropriate data field within the touch
menory 103 wodsmrsansfers this information to t he h@EIsssAst%r 545.
Simlarly, after the substrates 216 within the substrate housing 60 5
have been processed, the host conmputer 545 may desire to update the data

field information associ ated wi t%ljge substrates 216 by sending a
VRI TE DATA FI ELD conmand to the i/C &ontrol | er 512 along with the
new touch nmenory data, which the mcrocontroller 512 wites into the

touch nenory 1Q3. The read and wite commands al so provide error

messages indicatingthat the touch nmenory 103 is not present. It is
under st ood that nmany 10 ot her ®ypes of commands and comruni cati on
protocol s are contengl ated, the present i nvention not being [imted

to any particular co nd struct ULe QY723 muni cati on protocol .

‘The conmmands sent by t%e host co b and the responses of the

m crocontroller 5 oA befollowing formt:

Node Addr Cmd/ Rs [ data] [data] CRCLI/GRO - ®kex 15
where each fiel df erably represents 1 byte if -infor p:’ffc‘ ThewrRode Addr
field is the first byte sent and preferably hasm)st signi ficant
bit asserted hi ¢ indicate that it is a ‘f@’% The &BQress
for the host cofftte 0 ot d—addresse Gt he =
substrate housing 60 are between 1 and 31 (decinmal). The CIVD/RSP}_‘E_-_.eI d

i ncl udes hexadeci mal codes for each of the conmands described in
table 2, or otherwise this field

;
—

h ‘:'j ‘1.'

=4
P

-l——>12
I

0

{
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0
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20 i ndi cates the correspondi ng hexadeci mal code for the response from
the microcontroller 512. The Data Len field specifpgpy ggfg J{gny data
bytes are WRI¥HE for those commands requiring data. no data is
required for a nmessage, the Data Len value will be zero. The dat a
fields hold whatever data the particul ar conmand or response requires.
Finally, three CRC bytes, incl®di%& a | ow byte, a high byte and a
third byte containing the MSBs (nost 25 significant bits) of the\le or
two bytes are sent for inplenenting CRC error check| ng as kneym to
those skilled in the art. gty —arrerksymsdyptesessistdge  proyi ded
which is cal cul ated by adgjng The va ueg 0 ytes precedlqmlt
negl ecting any overfl oy and &~ clearingjthp WVsB so that the byte=ks
read as a daga byke &g not an address byte| I i@ under st oodlt, hat
the above pEONOLGE i hosen for purposes or~=i nfTicity, although many

ot her 30 ‘Gf\'\ sgppropriate protocols could be used.
Ref erri ng "v\‘\\"\‘ re 61, a state diagramis shown illustrating the
gener al \~ n of the docking unit 24Q according to the present

invention. Transt ti'ofS2hto each
28 R V0 96/ 33524
PCT/ US95/ 13519
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state is determned by five input bits, including a WRONG bit indicating
that a substrate housi ng 60 placed on the docki ng piAinised4skiéS the
incorrect WM ¢e housing 60, an UNLOAD bit indicating whether

t he docking unit 240 has received the corresponding UNLQAD command
fromthe host conmputer 545, a LQOAD bi{ ipdicating whether the 5 docki ng
unit 240 has received the corpespondi D command from the host capmuter

545, a BUTTON PRESSED bit ifidecating whether the operator has pressed=the

button 480 or not,wma her or
not the substrate housing 60 has been detected on the dockin nit
240. Four Qutput or status bits RED, YELLON GREEN and UTTONEY
indicate tfe status of E system where these bits are indiregly u to
operate the red |iggyt 488, the yellow |light 486, the green |ight=484
and the ", I .\\ 2’.‘_.10 i ndi cate the status to, or otherwse to
pronpt aciNbeR QRN perator of the docking unit 240. Wen t he
BUTTON bi \\\ ton light 482 blinks on and off to pronpt the
operator to press Sthe button 480, which is detected by the

m crocontroller 512fwt he BUTTON signal. The RED bit is set to
turn on the red light 4 if an error is detected. The YELLOWDit is set to
15 turn on the ye-l ow |igh ] oTel’d ' 40 i SeaRL-0CESSIi Ng a

| oaded substrate : s flon t he
green light 484 to indicatgd tpa—tfie——==== TOCKT i O i

operational. The input bitf§ll wfch cause the state change and¥\ hdllst at e of
the resulting output bits fis $hown next to the corresponding jralfsiehi on. An
"X" indicates ~don’ are' where the state of the bit |s h

i mportant. 20 Theflldotki ng unit 240 begins in a first|stiffte 1 which
i ndi cates that no substrat§ housing 60 is present and gt t he
docking unit 240 is ready fjo feceive a new substrate

12
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ot her

remains at logic O

that the touch nmenory 103 has not p@gﬁfs@gﬁﬁqgt ed.

st at us ts are

g

housing 60. It remains in state | while the PRESENT bit

whi ch i ndi

The green ﬁﬁ%ﬁiuﬁgﬁ S turned on and all

turned off in state 1. Wien a substrate housing 60 is | oaded onto the 25

docking unit 240 such that the touch
touch nenory contacts 269, the
docking unit 240 enters a state 2a,

been no previous error
status lights remain
to pronpt the operatof

ff. =& SO,

HEEE%EQ§03'nakeS contact with the

bit & set to 1, and the

i ndi cat T
housi ng 60 has been detected,on the tray 262, and t

t he button k+c
SS fhe button 480. 308

1

that the substrate

t here have

and all other

482 starts blinking
The docki ng unit 240

remains in state 2a as as th&touch menory 103 isf| detected and

the button 480 has nof D res The docki ng uni tg240 4 eturns back to
state | if the P bifyls cleared indic D t the substrate
housi ng 60 has been noved & orrthe docki ng, 4 ?&A

29 WD 96/ 11524 N o=

PCT/ US95/ 13519 From state 2a, the dogifyng unit enters state

da if the button 480 is pressed while the
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substrate housing 60 is still present. In response to the button 480 bei ng
pressed, t@g 118 m crocontroller 512 controls the trayomises1882 to
nmove the s 3fra%% housi ng 60 fromthe RETRACTED to the M DDLE
position, as shown in Figure 49. The button light 482 is 5 turned off
while the substrgte housing 60 is noved. Wen the substrate housing 60
reaches ey M DDLE positiof, 7thA§Button Iight 482 starts blinking
again to indicate {hatf the substrate housi ng 60 can be renoved from
t he docking unit 2 Wiile in state 3a, the host conputer - 545
requests that the gpcking unit 240 read the information fromthe touch
menory 103, where the information is transmtted to the host
conputer 545 viJd t 85¥serial port 536. In 10 this manner, the host
conput er 545 deMNer i nds Mf the correct substrate housing for the current
process i s present The docking unit 240 remains is state 3a until either

=3
O

=)
1%
N

t he host conputer 545 sends a LOAD command, where operation
proceeds to state #| qr the operator decides to renove the
substrat e housing 50 Ry pressing the button 480, .where operation returns to
state 2a, o tlhe host conputer 545 infornms the docking unit 240
that the wong sub$trgte housing 15 is present, where operation proceeds
to state 3b. | f the host computer 545 determi nes that the
wrong substrate hopiging is present, the docking unit 240 enters

state 3b, where the] WRONG bit is set to logic 1. The green |ight

484 is turned off,jthe red light 488 is turned on and the button |ight 480
is left blinking top indicate to the operator that the wong
substrate housing {§ fresent and should be renoved. 20 Qperation renmai ns
in state 3b until tpe|button 480 is pressed indicating that the operator
has ack®w pdged the wong substrate housing is present. Wen the
button 480 is prqésed, t he docking unit 240 enters state 2b from
state 3b where th strate housing 60 is noQed to the

° b and

N
-—

U
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c
o
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RETRACTED:position. The button |light 482 and the red |ight 488 are turned
of f. Operati Wb 96711524 remains in state 2b while the wong substrate
housing 60 is present, but advances back to 25 state 1 whBRTUSE13519

substrate housing 60 is renoved fromthe docking unit 240. In this case,

t he green |light 484 is turned back on and the other status |ights
are turned off. Refer‘]rzggst%ck to state 3a, if it is
determ ned that the substrate housing 607i'S correct and if the LOAD

command has been sent fromthe host conputer 545, the docking unit 240
advances to state 4 where the substrate housing 60 is noved to the | NSERTED
position. 30 The yellow | ight 486 and the green |ight 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 the UNLOAD command is sent fromthe host conputer

545. At that time, the docking unit 240 advances to state 5, where
t he substrate housing 60 is noved back
30 WD 96/ 11524
PCT/ US95/ 13519 to the M DDLE position and the door 120 i s CLOSED.
In state 5, the yellow |light 486 and the green light 484 remain on
and the button Ipjght 482 is blinking, tkereby indicating to the
T
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operator .that the substrate housing 60 has been processed and is ready to

be renoved._The docking unit 240 renmains in state Hzé
button 480 WQW‘&%ed, at which tinme the 5 docki ng uniS‘; fgk/éﬁgnces
to state 6 where the substrate housing 60 is noved to the RETRACTED

position to allow renpoval fromthe docking unit 240. The yellow |ight 486
and the button light 482 are turned off and the green light 484 remains on
in state 6. The docking unit 24q BefBi%s in state 6 until the
substrate housing 60 is renoved fromthe docking unit 240, at which
time it returns-to state 1. 10 Referring now to Figures 62A and
62B, a flowchart diagramg#s.%» illu T t he mai n routine
executed by the m crocont er 512 when the cking unit. 240 i s powered
on. Qper ati on begneF—r—aw =rit=alFzat iNon step 550, where the

m crocontroller 512 and g (177 ectronicNdevices are initialized.
For initialization puggoeses,|a -ssﬁ@é NOT PRESE IS | oaded into
the status buffer in the |evepnt tNe mopt ~qonmputer 545 \gueri es the status by

sendi ng 15 a status conmang, at whid y me the "NOT}PRESENT" nessage wil |
be sent to the host _ conput gr 5S¢l Operation pfoceeds to step 552,
where the docking unit 24¥Akeritiggs or ot herwise, assures that the
tray 262 is in the RETRAE posi \of- g7yhe next siep , the
PRESENT bit is nonitored Het6dr M &1 f\ the substrate PQusing 60 is
present on the docki naﬁ MANY40.\ Nor mal | y, upon powerup, the
substrate housing 60 W} L POV £ and 20 oper atilon proceeds to
step 556, where a FI RSTTIgERES)bi t} i £t such that step $68 will
only be executed once -ead rre\m}ubs 464 housi ng is placed on the
\?\ﬁCki ng unit 240. 77 556 \\‘;‘W to step 558

ere the button |ight 48§ S—ttned c > ﬂ,, ‘/, proceeds to step
560, where it is determ nee -1-,/[;’,/»(/' from

; \ Ll 4
\ \
1627 172 ~~120
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t he host Tonputer 545, and if so, operation proceeds to step 562 to process
t he messagewo fiéis24 Message processi ng denotes receiving com&g%nfsgﬁm and

sénding status information to the host conputer 545, as descCri bed
previously. After processing the nmessage in step 562 or if t here
were no nmessages as determned in step 560, operation returns back to step
554 to determine if the substrateqh } 60 is present. The main
routine stays in this |oop. procelégzgsgﬁy nmessages sent by the host
conputer 545 until a substrate housing is placed on 30 to the docking

uni t 240. - When t he—sebstTate~housiig 60 is placed on the
docki ng unit 240, operation pfoceeds p 564 where the

FI RSTTI MEPRES bit is checked/t é: gdeteryine i i s the first tine

t hrough the | oop since the substrate houibg 6 s been pl aced on the
docking unit 240. |f .~ 196 194

WD 96/ 11524
so, operajio pioceeds tojstep 566 where the

PCT/ US95/ 13519
FI RSTTI MEPRES bi t | eared and Aheh t gtep 568 where the button
) and | owering the

31
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BUTTONLGE si gnal .
step 564,

480 has been pressed.
operation proceeds to step 560 to

been pressed,
nmessages fromthe

From step 568 or if the FIRSTTI MEPRES bit was clear in
wo 9é/1155aper ati on proceeds to step 570 to determ p@-r,iuggshgﬁgbutton
5 In step 570, if the button 480 has not

process any
host conputer 545 and operation remains in this | oop

(ol

unti |l t he
pressed. If the b
572 where the but
where the tray 26
10 routine, deg
proceeds to step
The TIMEQUT bit -\
i ndi cates errone
operation procee(
determne if the
precautionary st
physically renov¢
| f the substr202e

580, where a \\
e mn

2
L

D
b

tor

sciPed bel ow,
57¢_to
M | T De described nore fully

bstrate housing 604i ved or when the button 480 is

on 480 is JrSé@i , operation proceeds to step

—bi ght 482 is turned off and then to step 574

2 iJs noved to the M DDLE position by calling a MOVEMOTOR
to control the tray notor 282. Qperation
determine if a TIMEQUT bit has been set.

bel ow, but ot herw se

eration. If the TIMEQUT bit has not been set,
o step 578, where the PRESENT bit is nonitored to
substrate housing 60 is still present. This is a
p i nce the substrate housing 15 60 could still be
d iloit o ocked in place at the door OPENED position.

ho ingkgg/ks still present, op tion proceeds to step
" OADED" nessage is | oad F?Bg_Lhe status buffer

a1 Ng g-ndW status of

pr dcedds 20p 582,

ut t

us!
S

to replace th NOTLRRESENT" message indic
the system From step 580, operatio
where the buttonjli, 482 is set to 20 blhnk o jpronpt the qurator of
the systemto press}t utton 480 in t heyevert—thejoperatet
determ nes that | he~#/0ong bstrate housing S peen plraced on t he
docking unit 240 | aggration proceeds to stéep dete ne if the
button 480 has beenpressed. If the but t on 4&9 has been,’p@85sed, the
tray 262 is aneE_ngk to the RETRACTED position. .~ P
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Thus, the operator presses the button 480 in the event that it is

det er m ned $ﬂgéf wrong 25 substrate housing 60 has be ed on the
docki ng unit Bﬁgﬁ If the button 480 has not gggﬁ&%ﬁﬁgged as

determ ned in step 584, operation proceeds to step 586 to determ ne
I f there are any nmessages or conmmands fromthe host conputer 545,

and if so, operation proceeds to step %8&;}0 rocess the nessage or
command. At this point, t he host nSerr 545 either queries the
docking unit 240 by sending a STATUS REQUEST 30 command, or ot herw se
sends a LOAD cosmand b | oad the substrate hoyﬁ#ng 60 fter the

substrate housing 60 I'sS | oaded and _p e hos?2 onput er 545

60. It is ndted-that t onput?i7 545 e
substrate hdusing_ e Yocki ng

32

PCT/ US95/ 13 _ 23t i on
proceeds fr ef Y VE bi t
has been ngdi i aleime ep
590, oper at L

determne if 232 224 \\120

—™32A

233 232
224 - 4 230

L —-— -
L TR

SUBSTITUTE SHEET (RULE 26)



t he substrate housing 60 is |oaded or not. If the substrate housing 60 is

| oaded, ope | 5 | oops back to step 586 to process any further
messages. I&ﬂ%%8q§§3ages or comuands are recei ved fFéﬁWﬂﬁémﬁést
conputer 545 as determned in step 586, operation proceeds directly

to step 592. If the substrate housing 60 is not | oaded, operation |oops
back to step 584 to determne if the button 480 is pressed or not.
Wil e the substrate housing 60 is |loaded 7//55 operation Ioops through
steps 586 to 592 while the substrate housing 60 is being processed. 10

Bef ore the substrate housing 60 is | oaded or after it is unloaded,
operation | oops through steps 584 to 592 until the button 480 is
pressed. These main | oops are exited if the TIMEQUT bit is set

i ndi cati ng erroneous operation, where operation proceeds to step 602 to
enter mai nt enance node. If the button 480 is pressed as
determned in step 584, or if the substrate housing 60 15 was not
present as determined in step 578, operation proceedg to step 594 where the
but t on | i ght 482 i Qggurned off and then tg bp 596 where the "NOT
PRESENT" nessage is | oaded into the ;Lagﬂ”: fifer. Operation then
proceeds to step 598 where taé\;ray 262 i s AT ed toO t he RETRACTED
position. In this case, the sub&trate hetlsifigy60 hasjeither been renoved or
the button 480 was pressed to retragt”t he/shbstrate housi ng 60. Operation

t hen proceeds to 20 step 600 e deterfiyne if a tijfreout has occurred, and
if not, operation returns backsfo step/5B4212 tojstart the main | oop
again. If a tinmeout has occurrfed in stfefps F76, 590 of 600 indicating an
error condition, operation prbceeds t/a ep 602 to smtch to mai ntenance
node i ndi cating t hat yhe doc g uni rs—hot operating
correctly, and mai ntenance i requ operator. Qperation
remains in step 602 until tHe doCki it 240 has been repaired and
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214

!
@
o

N

SUBSTITUTE SHEET (RULE 26)



25 retutned to an operational node, at which tinme operation proceeds

back to the Rpb begi nning with step 554.

Referring now tgm%:liggare 63, a flowchart diagramis shown ill ﬁglpﬁ?sf]ﬁﬁ9a
procedur e executed by the mcrocontroller 512 when the substrate
housing 60 is in the M DDLE posiéi on on the docking unit 240 and the
host conmputer 545 sends the LOAD comman | oad the substrate

housi ng 60 ont o theg dogkt f . Operation begins_at step 658 where
the latch notor 370 is |ogeratied to unl atch the door 1 rati on proceeds
to step 660 — Iwhere |t he jun] atch sensor 389 is nori tfor to determ ne
when the door 120 i{s unl &t chgd. Until the door |120 Beconmes unl at ched
as deternmined in stlep 660, ogerfati dn proceeds to stgp

33 WO 96/ 11%24 &

PCT/ US95/ 13519 562 tjo |det gr m ne whet her a t{iqfeput jlhas occurred as
i ndicated by the THMEQUT{bit.] if a ti meout nof} occurred,
operation proceeds|back to stteg 66Q and operation | oops{ befjween

steps 662 and 660 unti| gither |a tijmeout occurs or unti] the door 120 is
unl atched. If a /

| L
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ti meout .shoul d occur before the door 120 is unlatched, an error condition
is indi Cat%ﬁg%ﬁ?s 5 operation proceeds to step 664 wherpcr/bs9513519

m crocontroller 5212 enters the maintenance node. | f the door
120 becomes unlatched in step 660 before a tinmeout occurs, operation
proceeds to step 666 where the door iﬂ.‘ézr 94 is operated to open the door
120. As wll be descri bed nor below, this step |oads certain
paraneters and then instrucgs._the o crocontrol ler 512 to call and
execut e the MOVEMOTOR routm’e\f\or oper at ﬁg t he door 10 notor 394. As

wi ||l be descg bed bel m\ € VOYVEMOTOR rqutine iy used to control all

st epper not ofp, i ncl y the door notor {394 and Xhe tray notor 282. If an
error occurs . H—a—~stegpPar Yotor, a JAMbit is set
i ndi cating that ﬁn n aperatlon returns from
the MOVEMOTOR rddtf ne in ‘.e e oy step 668
where the JAMbit/is m)mt gl t O determ g € dr 120 has been
properly 15 GPENED. | f t JAMNDI : \\‘ 6Q8 operatioﬁ-‘\
,, _f’\'- moye. &t her wi 5
ers \ye\ o Ioadgdfor
rate \us\ng 60 to :
A\ ne isiNyaiN caIIed_'_: e JAM
al | y. 0-\ i on priteeds to
noni t ory d If th_—JAl\/lblt
i on \r oceeds \ o
X n the | EED position
A aN\d oper at\oR\proceeds to
FTEN\ nessage\\ s\sent to
e 4 eNUrns opet on back

operating thg
| NSERTED
bit is set{
step 672 fr\
is set indicy
mai nt enance

so that the

step 674, where
the host conpute
to the MAIN routi N

operation
tep 670 where the

pssage s "OP
N5, and e LOAD
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25 x Referring now to Figure 64, a flowhart diagram of an UNLOAD
routine i s sPgkr1s4 which is executed by the mcrocontroller 512 when
the substrate housing 60 is | oaded on the docki ng unfETBABIBG t he
host conputer 545 sends an UNLOAD command to unl oad the substrate
housi ng 60. Operation begins in step 692 where paraneters are | oaded to
oper ate the tray notor 282 to nove the substrate housing 60 fromthe
| NSERTED position to the 30 M DDLE position. and again, the MOVEMOTOR
routine is called. Operation proceedsat step 694 where the JAM bit
I's checked to determne if the subst er/l&Ssi ng 60 has been

successfully renoved. If the JAMbit is set in step 694, operation proceeds
to step 696 to switch to the nmintenance node indicating erroneous
operation. If the JAMbit was not set

34 WD 96/ 11524

PCT/ US95/ 13519 as determned in step 694, operation proceeds to
step 698 where the door 120 is CLOSED &y VYFyetting the appropriate
paraneters for operating the door noto& 394 afic¥&lling the '
MOVEMOTCR routine. Operation proceeds £ #KTQ here the JAM bit
checked. =4 =

S

=<
N

470
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Again, if: the JAMbit is set in step 700, operation proceeds to the

mai Nt enance wpske8ler S 696. Ot herw se, operation proceeds to step 702
where the latch notor 370 is operated to | atch the PRPERISHEYSdoor
120. Operation then proceeds to step 704 where the unl atch sensor

389 is checked to determine if the door 120 is unlatched or not. If not,

operation proceeds to step 706 to determ ne whet her the TIMEQUT bit
has been set indicating erroneous operation. If not, operation
proceeds back to step 704, where operation | oops between steps 10 704
and 706 until t-he door 120 is Iatché@]g{ ti meout occurs. |f tinmeout
occurs in step 706, operation proceeds to the maintenance node step
696. Ot herwise, if the door 120 is | atched before tineout occurs in
step 704, operation proceeds to step 708 where {he "OPERAJI ON

COVMPLETE" nessage is sent to the host conputer and #peration is
returned to the MAI N routine. 15 Referiring now to

Fi gures 65A and 65B, a flowchart diagrami X@homm i 'l ust{fadi ng the
MOVEMOTOR routine executed by the mcrocont NNl | &

acsrate both the

Q)

tray notor 282 and the door motor 394\ I N A Ned enbodi nment,
only one of the stepper notors is cont\}{o

Qperation begins in step 710 where several paraNet& regi sters
are cleared, including a VELOCITY register indis%ﬁlng t he speyd\of a

st epper 20 notor, a STEPCOUNT register indi cab\ng\t he numbeR 0f steps

travel l ed by the stepper not or, a STEPREG ‘\r accunul ati Ng\vel ocity
val ues for controlling velocity apgF———s
not or and a SEGVENTNUM r egi st er i/H
segnents i s bei per formed at
by t hese “gegnent s.
respective steppar
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25 notor to accelerate fromzero velocity to a predeterm ned velocity

during a fir & nt, to remain at the predetermn | oci t
during a secvzéa g%g‘?nent, and to decel erate back to zero %f){&%ﬁ@éﬁyy
during a third segnent. In the next step 712, several
paraneters are retrieved for the first segnent of notion. wher e

t hese paraneters include a STEP THRESE@;J & ue for conparing velocity, a
30 VELOCI TYI NC val ue for increnmenting the VELOCI TY register, a TOTAL
STEPS val ue indicating the total nunber of steps a stepper notor
shoul d travel dwring the current segnent, a T12 PERI OD val ue for

| oading into a period register and for conparison with a counter

regi ster causing an interrupt to call a T121SR interrupt handling routine,

descri bed bel ow, an 35
WD 96/ 11524 o

PCT/ US95/ 13519 ENDVELOCI TY val ue i ndi e'am\e of the maxi mum or

m ni nrum pr edet er mi ned const ant vel §grty toria gl segnent, and a

notor control byte or value conprising sevl
ACCEL bit to indicate whether a stepper notca

N |
decel erating, a \
\

.1 ncluding an
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CHANGE SPEED bit to indicate whether the velocity is changing or is
constant, a{g 154 LAST SEGMVENT bit which is used to indicate thzli;t t he

segnent in which it is set is the |ast segnent of t Vs

In the next step 713, the JAMbit is cleared and then operation proceeds to
step 714 where the tineout routine, described below, is set up for
performng timng functions. Cﬁc—S;(ts proceeds to step 715 where a

NEARFLAG bit and a FLAGSLOT bit are both 10 cl eared. Each of the
physi cal flags 305, 427 for the correspondi ng stepper notors 282, 370
preferably includes a center slot for purposes of control. The first tine a

flag breaks the Iight beam of the correspondi ng sensor, thereby
tripping that sensor, it _is known that the DV X S
near conpl etion. The beam i s TireRTUnbr oken Wirer e flag

reached, so that the sensor is no |gpger tripped. If the i o]l nues
until the sensor 1§ 15 agai n tripped go=thg fa@sale AHf { hy¥icy
slot, notion is ipfediately ternigea .'@@@. = & /I

travel or displgfement has aqocurred. J\ Z N sz :

t he SEGVENTNUM fegS+g+—-Ss—Re+arih 4@? TWACE A he
parameters for ,“,

PERI CD vh .

conpared to a cpuntef regi® > =%

T121SR routinef desqri bed B : /' AR ] e ad 4 ' regi ster
counts up fro a1 éygi S ‘ ' Yy alue in

t he counter
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the currant T12 and T3 interrupt requests are cleared and then the T12 and
T3interrup?,§ 5 enabled in step 720 to allow the i rrupt_routines
to be execu eﬁlfs)} Qperation proceeds to step ;ﬁﬁr 11
NEWSTEPCOUNT bit is nonitored to determne if the respective
ncrenment it another step. If

stepper notor has received a pul seateiz'ﬁ& _ _ t ot until th
remains in ste unti e

t he NEWSTEPCOUNT bit is cleared, o
Since the Tl2—interrupt has beef\$¥nabled, this bit

NEWSTEPCOUNT bit is set.
is eventually 30 set in the T121 SRjrouti ne. Wen the \SEEPCOUNT bit is
set, operation proceeds to step 722 Wnegse JEROUNT bit is
cleared and then to step 723 to deterfiine R~ & he node of
operation is operational onf nmai ryeraatht. | ' node is
I ndi cat ed, operation proceggéd step n he sensor
corresponding to the f @@ / § 36
WD 96/ 11524 b 4
PCT/ US95/ 13519 current stepper notQ bei nt | ed has been
tripped indicating that novenent is near S 2‘-_, | e+mgin | f the sensor
has not been tripped, operation proceeds = s‘t\e‘b 2 IR IS
determ ned whet her or not the NEARFLAG bi t™has Spt/ so, then the
noti on nust
L
/e /
™ g __g
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have proceeded to the point where the slot in the physical flag has reached
the sensor, agghognpsa¢ the FLAGSLOT bit is set in step 726.

| f the NEARFLAG bit has not been set as determined in step 72FTHSOEISE the
FLAGSLOT bit is set in step 726, operation proceeds to step 727, where the
value in the STEPCOUNT register is conpared with the TOTAL STEPS
paraneter. Step 727 det erm nes whether the current segnent is
finished, and if not, operation proceeéngc) to 10 step 721 to

det ermi ne whet her the NEWSTEPCOUNT bi t n set or not. Referring
back to step 727,—if the value in the STEPCOUNT regi ster becones greater
than or equal to the TOTAL STEPS paraneter, operation proceeds to
step 728 to nonitor the LAST SEGVENT bit within the notor control
byte to determne if operation is conpleted. |If not, operation
proceeds to step 729, where the STEPCOUNT registe@ is cleared and then to
step 15 730 to get new paraneters for the nex® segnent as was done for
the first segnent in step 712. Qperation t
where the SEGVENT NUM val ue is increnented to
segnment. Fromstep 731, operation returns to stegf
Referring back to step 724, if the sensor has begh
proceeds to step 732 to determ ne ifg.he NE
previously set or not. If not, then the 20 e phyyg
tripped the sensor and the NEARFLAG bit is se
operation proceeds to step 727. |f the NEARFLA as previously set as
determned in step 732, then operati & ep 734 to

det erm ne whet her the physical flag has N t§e slot. If the
FLAGSLOT bit was previously set as determ ned K 3

operation proceeds to step 735 where the T12 7 A‘ 3\ di sabl ed and a

. 4]

e

=
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25 MOVEMIRENABLE bit is cleared to turn off the stepper notor and stop
noti on Si nNCawo96/11524 operation i s conpl ete. The routine thenP ' és to the
calling routine. If the FLAGSLOT bit was not previ ous?y" Bf1He
determned in step 734, indicating that the sensor has not reached

the slot, then operation proceeds to step 727. Ref erring back
to step 728, if the LAST SEGMVENT bit i et operation proceeds to 30

step 736 to determ ne whet her the m)deéié/(ﬁ)sr ational or maintenance. I|f

mai nt enance node, operation proceeds to step 735 to stop the stepper
motor and exit.~-Oherwise, if in operational node as detggghed in
step 736, operation proceeds to step 737 to determne if
NEARFLAG bi t ev89usly set. If so, then operation prodegds
to 37

96/ 11524

set, and i

1 O]
determ ne \
set, operati ON
not set as

Flig- 42
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5 t hen.operation proceeds to step 740 to set the JAMbit indicating
erroneous oggag%{xgn. From step 740 or if the FLAGSLOT bit was
déeterm ned a ﬁ‘ set in step 738, operation pr ocegTUSEE/I881p 735,
descri bed above. Referring now to Figure 66, a flowhart
diagramis shown illustrating operation of the T121 SR i nterrupt
handling routine. In general, the T12I SR routine perforns the actual 10

st eppi ng of the respective stepper not 5@ driven. Operation begins in
step 750 where the STEPREG register Ts increnented by the value in
the VELOCITY register. Qperation proceeds to step 752 where the
value in the STEPREG regi ster is conpared to the STEPTHRESHOLD
value. If the value in the STEPREG regi ster is greater than or equal to

t he STEPTHRESHOLD val ue, the it is&@kerm ned that ajpul se should be
applied to the ep 15 i NPV t he gpper notor o advance tlhe notor
by one stepN\ If SQx operation p m to QD 754, where {he
STEPREG regi §ter isNQgcreased by tNs PTHRESDIQLD val ue. In

general , the |STERRS Sster represe \\: eneNgN\val ue for detefm nipg

t he speed of ithe }:. cul ar steppe R or baxg control | ed\ px
controlling Row{dften the is pul sed OpeNNON procegegde”t o
step 756 wherle g {pul se is aRpl o 1436 step ~.~\t' of t™HhEN&t srpef not g 20

to advance it| ong step. Note ®™Qat™\Qxpul se i s.axplidxdeithe g t he
TRAYMIRSTEP dr DOCRMIRSTER ST gl q@.’«@ Wl ch pgeAT cul ar

st epper notorf i §ibei ng cont Pl f8Q 2<ak C” /58 | pefenent sAhe
STEPCOUNT redi sti¢r indicating that thg g eppE to as been
advanced by ¢ne]step. Operation proceed e 760 or’e t he
NEWSTEPCOUNT |bi §{i s set>nd en to step M2 where the T12 i p¥errupt
request and fhe @Pegi ster are PETHN € . _RBeferring backrsto
step 752, if|the

,\
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not yet becone equal to the STEPTHRESHOLD val ue, operation proceeds

i medrately to WO9/11524t ep 760. From step 762 operation retur nSecrausbbisso

calling routine. Referring now to Figure 67, a flowchart

diagramis shown illustrating operation of the T3I SR routine for

controlling the acceleration or deceleration of a particular stepper 30

notor. Operation begins in step 770, Wnerzst,?g VEMOTOR flag is nonitored
ei

to determ ne whether a stepper not ng controlled. If a
stepper notor is being controll ed, operation proceeds to step 772,
where the CHANGE SPEED bit of kg notor control byte is checked to
determ ne whet her the WhOs{ty I'sJsQnstant or to be changed

38 WD 96/ 11524

PCT/ US95/ 13519 (i na N0g atsgheration or deceleration). 1§ the

velocity is not “sgQstant, RQND 0CBRYK to step 774 ysrere e
ACCEL bit is nonitorggd to determ :\ Qt her Q Stepper notor j
bei ng accelerated Qr thsgel erated. | fNRE (Nt or i s hetnhg

accel erated, operati™s pr oceeds \ O Whe€ | s determ ned
whet her the value in ':~> TY regi ster N greajef than or %al
to the END VELOCI TY val ue™g nd he VELOCI TYR e. _ANis
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step assures that the velocity will not be increased above the END VELOCI TY
value. 1f the value in the VELOCITY register is |esgehhasknbéys END
VELOCI TY vatRMtids t he VELOCI TYI NC val ue, operation proceeds to
step 778 where the VELOCITY register is i ncrenented or increased by
the VELOCI TYI NC val ue and operation proceeds to step 792, 10 descri bed
bel ow. Referring back to step 776, if the value in the
VELOCI TY register is greater than o equal to the END VELOCI TY

val ue m nus the VELOCI TYI NC val ue, 28/5[5& ation proceeds.to step
784, where the VELOCITY register is set equal to the END VELOCI TY

val ue. QOperation then proceeds to step 786 where the CHANGE SPEED bit is

cl eared since 15 the end velocity of the stepper notor has been achi eved

for the particul ar nove segnent and operation proceeds to step 792.
Referring back to step 774, if the ACCEL flag is cleared indicatindghat
t he stepper notor is decelerating, operation proceeds to st 788;
where it is deternm ned whet her the value in the VELOC TY register is
| ess than or equal to the END VELOCI TY val ue plus the 20 VELCCI NC

value. Here, it is deternined whether a decrease of the velocity V@d go
bel ow the m ni num velocity desired, which is represent ed by the E

VELOCI TY vahwes , ere~The
VELOCI TY regiStergl S set equal to the END VELOCT Tg ™ vgltue.
Q herwi se, the{ oY r%i ster is decremented et h) VELCCI TYI NC
value in step ngp?f?/ati on proceeds to step*?TE. o~
Referring bdcki if a MOVEMTRENABLE ki N is Y08 s t,gr fin
step 772 TS ot @ mi ned that the CHAN(ﬁIit;:I:L) T i 410t Set,
i ndi cating ajgohgtgdnt speed, g &
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operation proceeds to step 792 to determine if the timeout routine is

enabl ed i ndweish 4 whet her an operation is being tingdyddsialdy. the
timeout routine is enabled to operate as a wat chdog type tiner when
a notor is being operated to prevent operation from continuing 30
indefinitely. Also, the tinmeout routine could be used to determ ne whet her

a predeterm ned period of time has elapsed. If tinmeout is enabled as
determned in step 792, operation Q/Er?)g)ceeds to step 794 to execute
ti meout code which sets the TIMEQUT BIiT iT Ta pr edet er m ned anmount of

time el apses sifce the timeout was enabl ed. Then, operation

39 WO 96/ 11524

PCT/ US95/ 13519 proceeds to step 780 fromstep 794. If the timeout is not
enabled in step 792, operation proceeds directly to step 780, where the
T3 interrupt request is cleared and operation returns to the calling
routine. Al though the nethod angrggparatis of the pregent

i nvention has been described in G o
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connection with the preferred enbodinent, it is not intended to be Iimted
to the specific  formset forth herein, but on the contrapyppidsissie

i ntended t YEWMsuch al ternati ves, modi fi cat | ons, and equi val ents, as
can be reasonably included within the spirit and scope of the invention
as defined by the appended cl ai ns. —_
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40 N 1. A housing for maintaining a plurality of substrates
conpri si ng:
onp 9° wo 96111524 PCT/US95/13519

33/55

240

SUBSTITUTE SHEET (RULE 26)



a box haviing an interior space and an openi ng; a plurality of conbs
integrally qyé %ﬁg th|n said box for receiving and suppor tpcifiss€isgho
plurality of rates within said interior space and nmi ntai ni ng each one
of said plurality of substrates in spaced relationship relative to each

ot her; and a door assenbly nounted_adjacent said opening of said box
for covering said opening when said dood4gSefply is ina closed position
2. The housing of claiml, wherein said plurality of Subbstrates are fl at
panel displ ays. 3. The housing of claim1l, whereinisaid plurality of
substrates are sem conductor wafers. 4. The housing{of claim1, wherein
each one of said conbs includes a plurality of spacedjshel ves.
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5. The housing of claim1, wherein said door assenbly conprises: a
door; Wasls/?fs?ﬁh assenbly for hol ding said door in saidpegraseshegsi tions;

and a seal Ttor sealing said opening of said box with said door for
separating said interior space fromanbient air when said door is in said
cl osed position. 6. The housing of claim5, wherein said seal conprises:
a perineter edge; and a conpli aBtSyfﬁ&i al interfacing said perineter

edge when said door is in said closed position.
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42 7. TRhe housi ng of cI aim1, wherein said door assenbly is pivotally

nount ed to : The housing of claim1l, wherein Qor
assenbly is rem)v%l y m)unt ed to said box. 9. The housi ﬁ%q}(ygg 1¥aPm 1,
further conprising: a nenory device nounted to said box for storing
information of said substrates within said box. 10. A docking unit for
recei ving a housing containing arti c@@,é@djfor mani pul ati ng the housing to
al l ow access of the articles while in the housing, the housing including a
door and an interior space for holding the articles, the
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docking unit conpri sing: a bul khead assenbly defining a port area,;

a tray assenbly nounted to said bul khead assenbly that recejves and

hori zont al WP ¥4 the housing between an initial access pBg’Wgéﬂ’%ﬁ sai d
tray assenbly near said bul khead assenbly and an inserted access position
adj acent said bul khead assenbly for access to the housing via said port
area; and a door openi ng assenbl #y%g:sd to sai d bul khead assenbly
that interfaces the door of the housi g the housing is in said initial
access position to open and cl ose the housing door, and to enable access to
the interior space of the housing via said port area when the housing is in

said inserted access position and the housing door is opgg? 11. The
docking unit of claim 10, wherein said tray assenbly conprii{ses: gui de
neans; a tray for receiving and hol ding the housing,} 9ai d
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tray slidably engagi ng said gui de neans; drive pulley neans operatively
a gearbox operatively engaging said drive

engaged Wi t v &rdsdar ay;
pul | ey neans; and 43  PCT/Bs9sn13s19 not or
novi ng the housi ng between said
12. The docking unit of claim

operatively engaged with said gearbox for
and said inserted access positions.

initial
11, wherein said tray assenbly further 38ypSi5es:
conprising rails; and

sai d gui de neans
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beari ngs yyounted to said tray for rollably engaging said rails. 13. The
docki ng uniwoefnxbsl m 10, wherein said door opening assenblﬁ\é_rconPri ses:

pi vot apparatus for interfacing the door of the housing;, a 7US95/13§19) o or
not or operatively engaging said pivot apparatus for pivotally opening and
cl osi ng the housi ng door. 14. The docking unit of claim 13, wherein said
pi vot apparatus incl udes: a port /955/0t ally connected to said

bul khead assenbly for enclosing said port area when in a cl osed position.
15. The docking unit of claim 13, wherein the housing includes a door
actuat or assenbly connected to the housing

SUBSTITUTE SHEET (RULE 26)



door which operatively engages said pivot apparatus when the housing is in
said initi a‘kggg/?‘%gfdposi tion, wherein said door drive assempusopas® and

cl oses the oor. 16. The docking unit of claim 10, wherein the
housi ng i ncludes a latch for |ocking the housing door, said docking unit
further conprising: a can1fo||o:f&b?gs nbly nounted to said tray
assenbly and operatively engaging th of the housing for |ocking and

unl ocki ng the housing door while in said initial access position; and
a cam assenbly nounie¢d to said bul khead assenbly and operatively engagi ng
said cam fol | oner assenply -
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17. The docking unit of claim 10, wherein the housing includes a nenory

devi ce nounted to the housing that stores information of |.cl es
within th&R8UESHy, said docking unit further conprising: 5@},‘@5%13219

comuni cation link that electrically interfaces said nenory device when the
housing is placed on said tray assenbly; and a processing system
électrically coupled to said commnjqc‘{igﬁsls | i nk, wherein said processing
system detects the presence of said nenory device and the housi ng when

pl aced on said tray assenbly and retrieves said stored information from

said nenory deuice.
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WD 96/ 11524 PCT/ US95/ 13519 1

22. The docking unit of claim 20, wherein said tray ass er
conpri ses: Wo26/11 sai d gui de means conprising rail ?ﬁa"ynsagﬁ%w

beari ngs nounted to said tray for rollably engaging said rails. 1

23. The docking unit of claim18, wherein said door drive assenbly
conprises: 2 pi vot mean4fdy§RKterfacing the door of the

housi ng; and 3 a door notor operatively engaging said pivot
means for pivotally opening and closing 4 t he housi ng door. 1

24. The docking unit of claim23, further conprising: 2 a
door flag nounted to said pivot neans indicative of the position of said
door notor, 3 a door closed sensor positioned to interface said
door flag when said tray is in said 4 initial access position and the
housi ng door is closed; 5 a door opened sensor positioned to

I nterface said door flag when said tray is in said 6 initial access
position and the housing door is open; and 7 a control logy

coupled to said door notor and said door sensors, said controller i;b

2
D
1

2
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8 recei ving signals fromsaid door sensors and controlling said door
notor to op ose 9 t he housi ng door. 1 25. The
docki ng uni ?ﬁ?)?ﬂgxlsg m 23, wherein said pivot nmeans incl udes PCTHS9S/3s19

a port door pivotally connected to said bul khead assenbly for encl osing
said port 3 area when in a closed position. 1 26. The
docking unit of claim?25, wherein sai qq_gjﬁtsmeans further includes: 2

a door shaft nounted to said port door]~dn 3 a gear box
operatively engaged with said door shaft and said door notor. 1

27. The dockifg unit of claim25, wherein the housing includes a door
actuator 2 assenbly connected to the housing door which operatively
engages said port door when the 3 housi ng NQ said initial access
position, wherein said door dri I sQusly 4 opens and
cl oses said port door and thg 28. The
docking unit of claim 27, ]
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45 < WD 96/ 11524

PCT/ US95/ 1 sai d door actuator assenbly | Lhvgtal |y
eonnect ed Séo&?‘ﬁlelsﬁousi ng; and 3 wherei n said dggir‘zﬂ%}sp\b}é@
assenbly includes a pivotal key operated actuator which 4 operatively
engages sai d door actuator assenbly when the housing is in said initial
access 5 posi tion. 1 %%?95 The docking unit of claiml18,
wher ei n the housing includes a latch kpcki ng the housing door,
said docking unit further conprising: 3 acanr fotrtomer—assenbl y
nounted to said-tray asgembly and operatively engaging-the | atch of
t he housing for |ocki ng?and u |5ﬁ§ki ng the hfusr'rrgd@)or WanSOQi n said
initial access 5 pogi ti q& and = AB .
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6 . a cam assenbly mounted to said bul khead assenbly and
operatively engaging said 7 cam fol | onwer assenbly. 1 30.
The docki nWOREES24f cl ai m 29, further conprising: 2 PCTUSYSIINY cam
assenbly including a camnotor operatively engaging a cam wherein said 3
cam engages said camfollower assenbly; 4 a latch flag

Operatively engaged with said cam 45594155/ having a position indicative 5
of the position of said cam 6 a latchc |l ocked sensor positioned

to interface said latch flag when said tray is inSaid 7 initial access

position and the housing do I s{ [ ocked; 8 5 a latch unl ocked

sensor positioned to interface said latch flag an said tray is in said 9
“-

initial access position and tPe"‘r;El;)usEm\mdoo_rdi I%’ cked; and 1'0d a
pt Qr [ang sai d I sensors, sai

controller coupled to said cam |
controller 11 receiving s R 5 aid latchjsensors and controlling
said cam nmotor to | ock and unf 6cKAIZ{ X the housi hd door. 1
31. The docking unit of claimi8, pherein teEyTpy i ncl udes a nenory
device 2 nognted to th& housijng fpr stori f rdmtli on of the articles
wi thin the houl ng, said docki ng unit f congri si ng:
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4 2 a communi cation link nounted to said tray assenbly for
s placed

el ectrical | ¥y b cing said 5 menory devi ce when the hqusin
on said tray assglﬁ%?y; and 6 a processing systenfgr@é’(?:,ﬁ’ﬁ’ﬁ‘a?l |y

coupl ed to said comunication |ink, wherein said processi ng system
detects the presence of said nenory cziféiiggand t he housi ng when pl aced

WD 96/ 11524
PCT/ US95/ 13519 8 on said tray assenbly, wherein said processor system

thereafter retrieves said stored 9 [—a®E@EN]on fromsaid nmenory_ devi ce.
1 32~ The docking upit pf I'ai[n’.a L—wherein said | nformation
stored in said nenory 2 devi¥€ T ngl hdes—Tgenrrrtcatipn and hisfory of
the articles in the housing. 1 38— Hre—dpeddg unit|of claim
31, wherein said nenory device conpri Tlough
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2 menory and wherein said comunication |link conprises a one wire bus.
1 The docking unit of claim31, further conprising. 2

said tray d&ﬂﬁﬂiﬁnfurther including a retracted position s, ’V%?@g%?ly
receiving the 3 housi ng before the housing is noved to said initial
access position; and 4 sai d processing system being
€lectrically coupled to control said ?7§$ssenbl y and 5 sai d door drive
assenbly and further electrically co 0 said comunication link, 6
wherein said processing syste eriodically polls XXX#1008mruni cati.on |ink
for determning-7 t he presé%géwﬂﬁosalo 2 ¢ and the housing and
wherein said processing system8 ] - ' said initial access
position upon detecting the pres 1. 35.

The docking unit of cl ai m 34, a button
coupled to said XXXXUmﬂber-'n sai d processing
system noves t he hou5| N\posItron fxom4 said
retracted position whg after said

button is XxxRyeaRM.
further conpr y

nmount ed w t hi\n aj

XXX1X/0101 XXX1X/0010

1XXXX/1001

Fig. 57

XXX0X/0101
0X00X/0011
X1XXX/0100 OX1XX/0100
XOXXX/0100
oooooxooo? STATE DEFINITIONS
Lo 0-BUTTON LIGHT OFF 1 - READY FOR KAPOD
1- BUTTON LIGHT ON (NO KAPOD PRESENT).
| 0 - GREEN LIGHT OFF 2a- KAPOD DETECTED ONTRAY -
™ . GREEN LIGHT ON AND NO PREVIOUS ERRORS.
2b- KAPOD DETECTED ON TRAY.,
L —— 0- YELLOW LIGHT OFF BUT WRONG ONE.
. 1 - YELLOW LIGHT ON 3a- Kéioo ENGAGED AND
READY FOR LOADING.
“——— 0-RED LIGHT OFF 3b- KAPOD ENGAGED,
1- RED LIGHT ON BUT WRONG ONE.
= 1-KAPOD PRESENT + &i%?b{gfﬁﬁfgfgﬁm OR LOADED
)
—————s 1 - BUTTON PRESSED 5 - KAPOD ENGAGED AND
L~ 1-LOADKAPOD Eiégg ggT BE% gsmovsa FROM ADU.
5 - D ON TRAY.
= 1-UNLOAD KAPOD JUST COMPLETED PROCESSING.
— 1-WRONG KAPOD
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3 system wherein said processing systemblinks said button light to
pronpt a user of the 4 docking unit to press said butt r e
Méfﬁ 353%cki ng

housi ng iswﬂ”é@é"&‘on said tray assenbly. 1 37.

unit of claim 35, wherein said processing system conprises: -2 a
controller including a second conmuni cation |ink; and 3 a host
conputer coupled to said controllerz;gmb qp sai d second conmuni cation |ink,
4 wherein said host conputer quer controller for the status of

t he housing, wherein said A8/ 11524

PCT/ US95/ 13519 _ 5 controller respon ‘ngly'5$&Hca1es whet her the housing
Is present and if so, the positionfof 0 housi ng on the docking unit.
1 38. The docki ng uni omeIaan ., Wherein said host conputer
sends an insert 2 command to the_controll when the housing is in said
initial access position, wherein sfigbme ADU

)

NO

SUBSTRATE HOUSING

556 \ :

564
SET FIRST TIME PRES BIT
558~ | jss
TURN OFF BUTTON LIGHT CLEAR FirstTimePres BIT
! 568
BLINK BUTTON LIGHT —
i
e
560

ANY

f MESSAGES - L//
552 ? TURN OFF BUTTON LIGHT
\\l, YES |
PROCESS MESSAGE MOVE TRAY TO DOOR OPEN POSITION

PLACE "UNLOADED" MESSAGE
INTO STATUS BUFFER

©® ®. ®

Flg. 924
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3 controller respondlngly opens the housing door and places t he housi ng
in said Tnserted access 4 posi tion. 1 ki ng
unit of cl &Y herein sai d host conputer further quer| Sgygg”agé
controller about the articles in the housing and said controller

respondingly retrieves said 3 I nformati on fromsaid nenory device and
provides said information to said hgggz uter. 1 40. The
docking unit of claim37, wherein s conmput er sends updated 2

information to a|d troIIer ch respondingly wites said updated

I nformation t 03 3 nmenory de@ijce. 1 The docki ng
unit of claim3f, ein said ho conputer sends a retyact 2 conmand
"to the controllgr vvhe1 the housingfis in said inserted agcess position,
wherein said 3| controller respondingly noves the housfjng to said initial

access positionf and c|loses the 4 housi ng door. 1. 42. The
docking unit offclaint18, wherein fhe housing includes bearings for
'/'582
BLINK BUTTON LIGHT

[ §

BUTTON
PRESSED
?

i

M

TURN OFF BUTTON LIGHT

56~ |

PLACE "NOT PRESENT"
MESSAGE
INTO STATUS BUFFER

598 \ ]

MOVE TRAY TO

/‘ 588
RET! RACTEf POSITION PROCESS MESSAGE

600

NO
i
590
YES
-l YES «” TmEOUT
62~ ’
| SWITCHTO
MAINTENANCE
MODE
SUBSTRATE
HOUSING
LOADED ?
Fly. 528
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2 roIIany engaging said tray assenbly, wherein said tray assenbly

further “conprises: said tray assenbly incl udi at es
for interf ?f&%zél d bearings; and 4 bunper asslg’r%lt.)'ﬁél gg”?n%unt ed
on said side plates for engagi ng and positioning the 5 housi ng on said
tray assenbly. 1 43. The docking unit of claim18, further
tonprising: 2 a top plate bly nounted to said bul khead
assenbly; and 3 a bottom ﬁ@?e)sgunt ed to said bul khead
assenbly, wherein said top plate is renoved 4 d replaced by a bottom
pl ate of a secand docking unit in a stacked onhﬁgyra ion. WO
96/ 11524

PCT/ US95/ 13519 1 44, A docki ng system adj acent a mni

substantially clean environment and for al | ophg t he substrates
from 3 the mni environnent, the docking rising: 4

environment for maintaining a plurality of 2 substrgies in a
' S
o

a portabl e housing, conprising:

NO

660

OPEN
INTERFACE /
DOOR

668

- YES ~ 1aMBIT
?

- NO r 670

INSERT HOUSING

672

- YES ~JaMBIT
2

664 \ | NO / 674

MAINTENANCE SEND
MODE *OPERATION COMPLETE"
MESSAGE

i
RETURN

1.

&
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5 i a box having an interior space and an open end for

akl owi ng acd¥@86/11824t he 6 subst r at es, 7 shel ves
mounted within said box for maintaining said plurality of sBSTUsavIssie 8

in spaced relationship relative to each other, and 9 a
door pivotally nounted adj acent said open end of said box for covering said
10 open end when said door is in a;;ﬁﬁpsqiposition; 11 a

bul khead assenbly defining a port are&’i INii d communi cation with the mni

12 envi ronment; 13 a tray assenbly nounted to said bul khead
assenbly for receiving said housing and 14 @émia'; ally noving said
housi ng between an initial access position aolg Al g)d bul khead 15
assenbly and an inserted access position within sS@rd bul khead assenbly
whi |l e sai d housing 16 is on said tray assew 17 a door
'Htészacing sai d door

drive assenbly nounted to said bul khead asser
of 18 sai d housi ng when said housing is in agl//access position
and for opening and closing 19 sai d door, 0 interior of said
housing is in fluid conmunication with said port area 20 and said mni
envi ronment when said door of said housing is opdh. 1 45,

The docki ng system of claim44, further c?ﬁ?ri:'ng. 694 a port

door pivotally connectgd to Sard purkiread—easedhMBIT 05 separating said port
3 area from anbi ent jair when said port dooNJj ¢ i@ a cl osed position.
698
CLOSE
DOOR ”//
700
N YES « samerr
?
NO //'702
LATCH
DOOR
“ 704
OCR Y]
LATCHED =
2
696 Y
! NO 06 |
MAINTENANCE Y|
MODE  |* S Tmeour SN0 ,
?
v
. SEND
OPERATION COMPLETE®
MESSAGE

] \708
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1 The docki ng system of cl aim45, wherein said housing
further co r| ses a door actuator assenbly to said
» door of s%’ng 26K i ng, sai d door actuator 3 assenbl y opg?g'ﬁg%é?% engagi ng

said port door and said door drive assenbly so that said port 4 door and
sai d housi ng door are sinultaneously opened and cl osed by said door drive 5
*assenbly. WO 96/ 11524

PCT/ US95/ 13519 1 47,
said port and housing doors rota eMOQeMotorOUt a fixed common center of
rotation when_opened and cl osed by 3 assenbl y. 1

48. The docki ng syste | f;im 2
sai d door actuator asser‘rtQL§AmHE|l-QﬁiTY1§;%PQ9 P65t ﬁsenbl y for pivotally
moving  STEPTHRESHOLD
VELOCITYING SegmentNum REGISTERS
TOTAL STEPS i :
T12 PERIOD 712
END VELOCITY =~-=---- -/ Getmoveparams [/
MOTOR CONTROL : 713
-Accel
change speed CLEAR JAMBIT |—
+Last segment [ 714
Motor D SETUPTIMEOUT | _~
¥
CLEARNEARFLAG] 715
FLAGSLOTBITS |— -
Y 716
incsegmentNum |~
Y 7
LOAD T12 PERIOD |
¥ 718
CLEART12 INT REQ[—
! 720
ENABLE T12INT & SET | )
MovemtrEnable BIT
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3

*sai d box,
having a ¢
after 4
pl aced i
remai ns
noves sa
The docki
2 conp
tracks.

conprisind:

position f
assenbly 4
posi tion.

t he door of the housing relative to the housing;
sai d door drive assenbly including a pivotal
» oper at i veWp 9681524
in said initial
of claim 48,

engag
access p

said track ass
hannel for sl
sai d housin

further conpri sing:

and 4

key operated actuator which

door assembly wh W PSUsing i s

osi tion. 1 49. The docki ng system
a track assenbly mounted to

?; g gqg nor e tracks each
[ 3 S pi vot al door assenbly, wherein
i s opened by said door drive assenbly and

es said pivotal

2
enbly inclu
dably engag
g door

st.owe g sition 5 ppve sai d housi ng '
I onar said stowed WeSition while sai 6
housi ng jinto said insertfed acc position
g systemjof claim 49, _erawngsal d pi vot pi—giar
ri ses begring gdD| Neawslagt ety wi t hi n sgj
1 WBITQETIRLATG system o
2 asse furth
or laterdlly fteceiving sa&id housi ng,
nd housirg aré¢ subsggypmbgkngpvﬂd to saidinitia
Y )
727
 — NO STEP COUNT >=
Totalsteps
?
728
LAST YES
SEGMENT 736
U
| /'729
CLEAR StepCounter
GETPARAMSFOR:?0
NEXT SEGMENT
¥ 731
INC SegmentNum
NO Flagslot
WSET?
YES
. 740 -
739 | SETJAMBIT |/
ol
¥ 735
DISABLE T12INT & CLEAR| /
Movemtrenable 8IT

Flg. 598
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1 52. The docki ng system of claimb51, further corrpri sing: 2
aplurallté of bearlngs nounted to said box for roIIanygg ﬁg saldtray
2 i'ng srae

sassenbl y; 611524, g 4 said tray assenbly inclu pl ates
for rollably interfacing said bearings, 5 wherein said-housing is
| aterally rolled onto sai d tray assenbly while in said retracted 6
“position. 1 The systemof claim44, said tray
assenbly further conpri SI ng cg)a_},ggs
50 WD 96/ 11524

PCT/ US95/ 13519 2 a pl | of guide rails; 3 a

v [

STEPREG +
VELOCITY ->
STEPREG

752

STEPREG > =
STEPTHRESHOLD

YES l : /- 754

. STEPREG-
STEPTHRESHOLD ->
STEPREG

! / 758

INC
STEPCOUNTER

i

l [ 760

SET
NEWSTEPCOUNT
~BIT

1 82

CLEARINTREG .
AND
COUNTER

RETURN

=

i
A h €

l
-

Ch)

'm*

Fig
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4 a plurality of bearings nounted to said tray for rollably

engaglng sald lurality of 5 guide rails. 1 e
vdocki ng s ﬁ§%$ claim 53, wherein: 2 said tray ggﬁgpfirst
side and a second side; 3 said plurality of guide rails
includes a first guide rail positioned adjacent said first 4 si de of

*said tray and a second guide rail 355 gd adj acent said second side of
said tray; and 5 said pl /E§ of bearings including a first

set of bearings nmounted to said first . O~ 6 said tray for
interfacing said first guide rail and .1§§@o-o set of bearings mounted to
said 7 second side of said tray for erfacing said second guide rail

wherein said second set of 8 beari ngsgare sprbig Ioaded for aligning

said tray between said first and secopequi 55.
The docki ng systen1of clalnl4ﬂof L3™NQQ: 2 a latch
assenbly | ' when in said closed 3
position; a can1fo||o s nounted to said tray

assenbly and operatively engaging 5
a cam assenbly nounted to said bdeu%%F-.senbly for engagi ng said cam
fol l ower ¥ assenbly when said housi
posi tion.

NO CHANGING
SPEED ?

ACCELERATING YES

\/ 776

VELOCITY > =
] (ENDVELOCITY -
VELOCITY

?

l . 784 [778

VELOCITY - VELOCITYING ' VELOCITY +VELOCITYINC
 VELOOITY ENDVELOCITY - > VELOCITY  VELOGITY

CLEAR CHANGINGSPEED BIT “\

YES

vy
A

TIMEOUT
ENABLE
?

[' 794

TIMEOUT CODE
o

: Y 780
g CLEAR INT REQ
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1 ‘The docki ng system

. 56. (ggggwg £Tlel ni I 2 (2B g
id latch sjnclud |, Vot PP t
s21 2t o opRey | 1ol ugon ackEaph PR LAL e vt 21| Y N o0 (o
sai d | arARNATTONARCAFPLICATION PUBLISAES (AR Sk PARENICSURRATION HEIANY, BcTR™

(81) it aatioiabRublicatiod B 96/11524

ca
ent ler s FO2PJ/00; B6SB 7M051/00) and engpdds) said |atch arm for unl ocking said
dooy_of 1 57.  The ¢ocki lication Diaters 5 \I§ il 19P6 (18.04.96)
sai I ncludes a first i armpivotalTy nmounted to one

| at ch assenbl z
21) fnteraptippabA,

| at
pplicatign Numbery o SEB'GWHS’F&‘&%}W%H: |AM, AB.ALL BB, BGyBRBY, CA, CH,

Si
. ! . _ ) CZ, DE, DK’ EE, ES, Fl, GB, GE, HU, IS, JP. KE,
OPPQS) Hersitibhizl Biing Daled 000 October 1995 (10.10.95) KG, KP, KR, KZ, LK, LR, LT, LU, LV, MD MG, MN.
51 _. MW, MX, NO, NZ, PL, PT. RO, RU, SD, SE@SL SK.
T}, ™™, TT, UA, UG, UZ, VN, European patenif (AT, BE,

(74) Agent: STANFORD, Gary, R.; Suite 240, 5926 Balcones
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(54) Title: SUBSTRATE HOUSING AND DOCKING SYSTEM

(57) Abstract

A modular, transportable housing for storing substrates, such as semi-conductor wafers, flat panel displays and masks, and for
maintaining such substrates in a substantially clean environment. Substrates are supported within the housing by a plurality of combs (206,
198) which maintain the substrates in spaced relationship relative to each other. Access to the interior of the housing is permitted by a
pivotal door assembly (118). A docking unit permits interface of the housing with a clean environment. Control circuitry provided in the
docking unit detects the presence of a housing and loads/unlodads the housing as directed by a host computer through a communication
link. A memory device (103) is preferably mounted to the housing for storing history and other information about the substrates within
the housing. The host computer directs the control circuitry to retrieve the substrate information from the memory (103) and relay the
information to the host computer. During or after processing of the substrates, the host computer updates the memory (103) as desired. In
this manner, the host computer controls and tracks one or more docking units and associated substrate housings.
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housing to a m i
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si mul t aneously pivoting said =

adj acent to 8 sai d housi ng door; afid 9 TRV ngFeSET ot ra‘y‘vF‘é) """
thereby noyeysadd housing to an i nserted p05|t|on relative to said

docking unit, said inserted position being in proxPity:to-sad se ectggy EEE

environment. 1 60. A method for positioning a housing, as
reci ted im cl aiznBSusing ther woaving 2 plutdie st ef cfulsansitep t he
position of said tray at said retracted position, said mddle-position, 3
and said i TTEEEFPdsi tion. 1 61. A met hod for positioning
a housing, as redbdechdning am H¥etiot epacord simgpeningt he step of
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box for rece1v1ng and supportlng said plurality of
substrates within said interior space and maintaining each
one of said plurality of substrates in spaced relationship
relative to each other; and
a door assembly mounted adjacent said opening of said
box for covering said opening when said door assembly is in

a closed position.

2. The housing of claim 1, wherein said plurality of
substrates are flat panel displays.

3. The housing of claim 1, wherein said plurality of
substrates are semiconductor wafers.

4. The housing of claim 1, wherein each one of said combs
includes a plurality of spaced shelves.

5. The housing of claim 1, wherein said door assembly
comprises:
a door;

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

a.seal for sealing said opening of said box with said
door for separating said interior space from ambient air
when said door is in said closed position.

6. The housing of claim 5, wherein said seal comprises:
a perimeter edge; and
a compliant material interfacing said perimeter edge
when said door is in said closed position.
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tray to said n1d£Le 05|t|8n and si nul taneously closing said 3 housi ng
door and sBFECHRLKY ngowRteddborsatdePo%aid step of moving said tray to said

i nserted 4 posi tion.
8. The housing of claim 1, wherein said door assembly is

removably mounted to said box.

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

10. 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 that
receives and horizontally moves the housing between an
initial access position on said tray assembly near said
bulkhead assembly and an inserted access position adjacent
said bulkhead assembly for access to the housing via said
port area; and .

a door opening assembly mounted to said bulkhead
assembly that interfaces the door of the housing when the
housing is in said initial access position to open and
close the housing door, and to enable access to the
interior space of the housing via said port area when the
housing is in said inserted access position and the housing
door is open.

11. The docking unit of claim 10, wherein said tray
assembly comprises:

guide means;

a tray for receiving and holding the housing, said
tray slidably engaging said guide means;

drive pulley means operatively engaged with said tray;

a gearbox operatively engaging said drive pulley
means; and
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a tray motor operatively engaged with said gearbox for
moving the housing between said initial and said inserted
access positions.

12. The docking unit of claim 11, wherein said tray
agsembly further comprises:

said guide means comprising rails; and

bearings mounted to said tray for rollably engaging
said rails.

13. The docking unit of claim 10, wherein said door
opening assembly comprises:

pivot apparatus for interfacing the door of the
housing; and

a door motor operatively engaging said pivot apparatus
for pivotally opening and closing the housing door.

14. The docking unit of claim 13, wherein said pivot
apparatus includes:

a port door pivotally connected to said bulkhead
assembly for enclosing said port area when in a closed
position.

15. The docking unit of claim 13, wherein the housing
includes a door actuator assembly connected to the housing
door which operatively engages said pivot apparatus when
the housing is in said initial access position, wherein
said door drive assembly opens and closes the housing door.

16. The docking unit of claim 10, wherein the housing
includes a latch for locking the housing door, said docking
unit further comprising:

a cam follower assembly mounted to said tray assembly
and operatively 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 assembly.
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17. The docking unit of claim 10, wherein the housing
includes a memory device mounted to the housing that stores
information of the articles within the housing, said
docking unit further comprising:

a communication link that electrically interfaces said
memory device when the housing is placed on said tray
asgembly; and

a processing system electrically coupled to said
communication link, wherein said processing system detects
the presénce of said memory device and the housing when
placed on said tray assembly and retrieves said stored

information from said memory device.



