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ABSTRACT: Articles are transported from one position to 
another by being disposed in trays, which are carried within a 
portable magazine. The trays are automatically unloaded in 
sequence from the magazine and transported to a position in 
which the articles in the tray may be removed therefrom. The 
unloaded tray is then returned to the magazine and the next of 
the trays is removed from the magazine. The apparatus in 
cludes coding means on the magazine to indicate the status of 
the articles within each of the trays in the magazine. 
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ARTICLE-HANDLING APPARATUS 
In the automatic production of many similar-shaped articles 

of relatively small size such as electronic modular circuits, for 
example, the wafers, which have the electronic modular cir~ 
cuits formed thereon as integrated circuits, must be trans 
ported from one work station or area to another. During this 
transportation of the wafers, they must not become con 
taminated so that the wafers will have uniform characteristics 
when the various processing steps for forming the circuits on 
the wafer are carried out. 
Even after the wafers have been transported to the work sta 

tion or area, it is necessary to remove the wafers from the con 
taining means without any contamination of the wafers. If the 
production of the electronic modular circuits is to be per 
formed at a reasonable cost, it is necessary that these opera 
tions be performed as rapidly as possible. 
The present invention satisfactorily meets the foregoing 

problem by providing a magazine in which trays, which con 
tain a plurality of wafers in each, may be readily transported 
from one work station to'another without any contamination 
of the wafers. When the magazine is positioned at a work sta 
tion or area, the present invention utilizes an apparatus in 
which each of the trays is individually unloaded from the 
magazine and the wafers, which are within the tray, are 
removed from the tray and positioned for transport by other 
apparatus through the processing apparatus in which at least 
one of the steps in forming the circuit on the wafer is per 
formed. ‘ 

When transferring the wafers from one work station or area 
to another, it also is necessary that they do not become 
damaged during transit. The present invention satisfactorily 
solves the foregoing problem by protecting the wafers during 
transit by mounting them in individual trays with each tray 
having a plurality of receptacles with each receptacle receiv 
ing one of the wafers. 
Depending on the sequence of operations in forming cir 

cuits on the wafers, it may be necessary to store the wafers at 
one or more of the work stations. The present invention 
satisfactorily meets this problem since the magazine, which 
contains the trays having the wafers therein, also can satisfac 
torily function as a storage container for the wafers until they 
are ready to be processed at a work station. Since the trays 
within a speci?c magazine may contain wafers that have been 
subjected to different parts of the process in which the circuit 
is formed on the wafer, it is necessary to prevent trays, which 
contain wafers that have already been subjected to a speci?c 
processing step, from being removed from the magazine. Ac 
cordingly, the magazine of the present invention utilizes coded 
means to regulate or control the trays that are withdrawn from 
the magazine for unloading of the wafers therefrom at a 
speci?c work station. 
An object of this invention is to provide an apparatus for au 

tomatically loading and unloading trays from a magazine and 
articles from each of the trays. 
Another object of this invention is to provide coding means 

to control which trays are removed from the magazine in 
which they are carried when the magazine is at a speci?c work 
station. ‘ 

A further object of this invention is to provide a magazine, 
which transports trays, that also functions as a storage con 
tainer. 

Still another object of this invention is to provide an ap 
paratus for transporting articles and removing the articles 
from the transport means without any manual handling 
thereof. 
The foregoing and other objects, features, and advantages 

of the invention will be more apparent from the following 
more particular description of the preferred embodiment of 
the invention as illustrated in the accompanying drawings. 

In the drawings 
FIG. 1 is an elevational view, partly in section, showing a 

magazine of the present invention for supporting the trays and 
a portion of the mechanism of the present invention utilized 
for removing the trays from the magazine. 
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FIG. 2 is a perspective view of one of the trays for support 

ing the articles with an article supported therein. 
FIG. 3 is a top plan view of a mechanism for moving each of 

the trays out of the magazine to a position in which the articles 
may be removed from the tray and returning each of the trays 
into the magazine. 

FIG. 4 is a side elevational view of a portion of the 
mechanism of FIG. 3. 

FIG. 5 is a top plan view, taken substantially along line 5—5 
of FIG. 1, of a portion of the apparatus of the present inven 
tion in which the magazine is supported when the trays are 
removed therefrom and returned thereto. 

FIG. 6 is a side elevational view of the support structure of 
FIG. 5. 

FIG. 7 is an elevational view, partly in section, showing the ‘ 
mounting arrangement of a microswitch that is actuated when 
one of the trays is moved downwardly within the magazine. 

FIG. 8 is a top plan view of a lifter for lifting the articles 
from the tray when the tray is disposed above the lifter and 
taken substantially along line 8—_-8 of FIG. 9. 

FIG. 9 is a sectional view, partly in elevation, of the lifter of 
FIG. 8 and a handler for removing the articles from the lifter 
after the lifter has removed the ‘articles from the tray with the 
portion of the view showing the lifter taken substantially along 
line 9—9 of FIG. 8. , 

FIG. 10 is a schematic view illustrating the movement of ar 
ticles from the magazine to another system in which the arti 
cles are transported to a processing station. 

FIG. 11 is a side elevational view of the handler of FIG. 9 
but showing the movable part of the handler in its uppermost 
position. 

FIG. 12 is a fragmentary plan view showing one set of ?n 
gers of the handler of FIG. 9 for retaining an article therein for 
support thereby and taken substantially along line l2~l2 of 
FIG. I 1. 

FIGS. 13-16 are schematic views showing the relationship 
of trays within a magazine during positioning of one of the 
trays for removal from the magazine and return thereto. 

FIG. 17 is a perspective view showing a device for indicating 
the condition of the articles in the trays within the magazine. 

Referring to the drawings and particularly FIG. I, there is 
shown a magazine 10 having a plurality of trays 11 supported 
therein in vertically stacked relation. As shown in FIG. 2, each 
of the trays 11 has four receptacles or pockets 12 to receive‘ 
articles 14, which may be wafers on which an integrated cir 
cuit is to be formed, for example, thereon. 
The magazine 10 is substantially rectangular shaped in cross 

section and is formed by a pair of substantially parallel 
sidewalls 15, which are joined at their upper ends to each 
other by an upper plate 16 and at their lower ends by a 
baseplate 17. The magazine 10 has sliding doors l8 and 19 on 
opposite sides thereof with each of the sliding doors 18 and 19 
being slidably mounted in tracks, which are formed in the 
sidewalls 15. Thus, the doors l8 and 19 may be raised to per 
mit access to the interior of the magazine 10. 
Locking means 20 locks each of the sliding doors I8 and 19 

in its lowermost position in which the openings into the 
magazine 10 are completely closed. Each of the locking means 
20 includes a pin 21, which is resiliently urged into an aligned 
recess 22 in the upper plate 16 by a spring 23. The force of the 
spring 23 is overcome when a handle 24, which is ?xed to the 
pin 21, withdraws the pin 21 from the recess 22. The pin 21 
has a collar 25 thereon to limit movement of the pin 21 into 
the recess 22 in the upper plate 16 and to act against the 
spring 23 when the handle 24 withdraws the pin 21 from the 
recess 22 in the upper plate 16. 
When the handle 24 is grasped to withdraw the pin 21 from 

the recess 22 in the upper plate 16, the sliding door 18 or 19 
may be lifted to permit access to the interior of the magazine 
10. However, when the locking means 20 is disposed as shown 
for the sliding door 18 in FIG. 1, the interior of the magazine 
10 is completely closed and no dust or light may enter the 
magazine 10. Thus, the articles 14, which are supported within 
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the trays 11 in the magazine 10, are protected from con 
tamination. 
The locking means 20 for the door 19 is shown with the han 

dle 24 in the position in which the pin 21 is withdrawn from 
the recess 22 so that there may be relative movement between 
the magazine 10 and the door 19. The handle 24 is retained in 
a notch 25' in an outwardly extending ?ange of the door. The 
notch 25' is shown in the ?ange of the door 18. 
The upper plate 16 of the magazine 10 supports means for 

compressing the trays 11 within the magazine 10 when the 
magazine 10 is substantially loaded with the trays 11. This 
compression of the trays 11 relative to each other prevents 
any inadvertent removal of any of the articles 14 from the 
receptacle or pocket 12 in which each is disposed. 
The compression means includes a plate 26 on the lower 

end of a rod 27, which is threadedly connected to the upper 
plate 16. Accordingly, turning of a handle 28, which is ?xedly 
secured to the upper end of the rod 27, moves the bottom sur 
face of the plate 26 into engagement with the top surface of 
the uppermost of the trays 11 disposed in vertically stacked 
relation within the interior of the magazine 10. This causes the 
trays 11 to be compressed within the magazine 10. 
When the magazine 10 is disposed within an opening in a re 

tention frame 29 (see FIG. 5), the lower surface of the bottom 
plate 17 of the magazine 10 rests on the upper surface of an 
elevator 30. The elevator 30 is slidably mounted on a pair of 
rods 31 and 32, which are ?xedly secured at their upper ends 
to the top of a table 33. The table 33 has an opening 34 
through which the elevator 30 may slide. 
The lower end of each of the rods 31 and 32 is ?xedly 

secured to a frame 35, which is ?xedly supported by the table 
33. Thus, the elevator 30 may be moved from the solid line 
position of FIG. 1 to the phantom line position of FIG. 1 by 
sliding along the rods 31 and 32. 
The elevator 30 has a feed screw 36 connected thereto and 

driven from a stepping motor 37 by a ball nut 38, which is sup 
ported by the frame 35. Since the elevator 30 cannot rotate 
because of its sliding cooperation with the rods 31 and 32, the 
feed screw 36 causes sliding movement of the elevator 30 
along the rods 31 and 32. 
When the magazine 10 is disposed within the retention 

frame 29, a vertically disposed orientation tang 39 (see FIGS. 
1 and 17) on each of the sliding doors l8 and 19 is disposed 
within a cooperating slot 40 (see FIGS. 5 and 6) of the 
magazine retention frame 29. When the tangs 39 are properly 
seated in the slots 40, the bottom surface of the baseplate 17 
rests on the upper surface of the elevator 30, as shown in FIG. 
1, when the elevator 30 is in its uppermost position. 
One of the tangs 39 is notched to rest on a pin 40’ (see FIG. 

6) in one of the slots 40. This insures that the magazine 10 is 
positioned in the desired relation to the magazine retention 
frame 29 since the other of the tangs 39 does not have the 
notched portion and the other of the slots 40 does not have 
one of the pins 40’. 
Each of the sliding doors 18 and 19 has a horizontally 

disposed plate 41 extending across the top of the tang 39. 
When the magazine 10 is in the position shown in FIG. 1, the 
plate 41 of each of the sliding doors 18 and 19 rests against an 
upper surface 42 of the magazine retention frame 29. 
Each of the plates 41 has screws 43 (see FIG. 17) extending 

downwardly therefrom for cooperation with arms 44 of 
microswitches 45 (see FIGS. 6 and 17), which are mounted in 
the magazine retention frame 29. The magazine retention 
frame 29 has four of the microswitches 45 adjacent each of 
the slots 40 with two of the microswitches 45 disposed on one 
side of the slot 40 and the other two of the microswitches 45 
disposed on the other side of the slot 40. Thus, four of the 
microswitches 45 are available for cooperation with the 
screws 43 on the plate 41 of the sliding door 18 while the other 
four of the microswitches 45 are available for cooperation 
with the screws 43 on the plate 41 of the sliding door 19. Ac 
cordingly, eight of the microswitches are adapted to be actu 
ated when the magazine 10 is disposed within the magazine re 
tention frame 29. 
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By selecting the number of the screws 43 on each of the slid 

ing doors 18 and 19 and their positions on the horizontal 
plates 41, a desired coded signal is provided by the magazine 
10 when it is supported by the magazine retention frame 29. 
That is, the number of switches 45 actuated and which of the 
switches 45 is actuated determines the signal to a logic circuit 
(not shown) to which the microswitches 45 are connected. 
This enables the logic circuit to determine which of the trays 
11 are to be removed from the magazine 10 and returned 
thereto. 

After the tangs 39 have been properly seated within the 
slots 40 in the magazine retention frame 29, it is necessary to 
remove the pins 21 of the locking means 20 from the aligned 
recesses 22 in the upper plate 16. This is accomplished by 
rotating the handles out of the locking means 20 for disposi 
tion within the notches 25'. Then, when the elevator 30 is 
lowered, the magazine 10 follows the movement of the eleva 
tor 30 but the sliding doors l8 and 19 remain ?xed and are not 
moved with the magazine 10. 

Since the magazine 10 follows the movement of the elevator 
30, it is necessary for the baseplate 17 of the magazine 10 to 
have a pair of openings 46 therein for cooperation with the 
rods 31 and 32 to permit the rods 31 and 32 to pass through 
the plate 17. It also is necessary for the baseplate 17 to have 
slots 47 formed therein and communicating with each of the 
openings 46. The slots 47 accommodate the support structure 
connecting the upper end of each of the rods 31 and 32 to the 
top of the table 33. 
As shown in FIG. 2, each of the trays 11 also has openings 

48 on each side thereof to accommodate the rods 31 and 32 
when the tray 11 moves downwardly with the magazine 10. 
Each of the openings 48 communicates with a slot 49, which 
accommodates the support structure for one of the upper ends 
of the rods 31 and 32 to the top of the table 33. 

Since the baseplate 17 of the magazine 10 has the openings 
46 and the slots 47 therein, it is necessary to close the 
openings 46 and the slots 47 in the baseplate 17 when the 
magazine 10 is employed to transport the trays 11. This clos 
ing is necessary to seal out any dust or light from the interior 
of the magazine 10. 

Accordingly, each of the sliding doors l8 and 19 has a cylin 
drical-shaped member 50 (see FIG. 1) for disposition within 
the openings 46 in the baseplate 17. The cylindrical-shaped 
members 50 are supported in spaced relation to the interior 
surfaces of the sliding doors 18 and 19 by members 51. The 
size of the openings 48 in the trays 11 and the slots 49 in the 
trays 11 are such that they pass over the cylindrical-shaped 
members 50 and the connecting members 51 when the trays 
11 move upwardly or downwardly within the magazine 10. 
When the magazine 10 is disposed in the magazine retention 

frame 29 with the baseplate 17 on the magazine 10 resting on 
the upper surface of the elevator 30 and the tangs 39 properly 
seated in the slots 40 in the magazine retention frame 29, it is 
then necessary to lower each of the trays 11 to a position in 
which they may be moved from the magazine 10 and then 
returned to the magazine 10. When one of the trays 11 is being 
removed from the magazine 10 and then returned to the 
magazine 10, it is necessary to support the remainder of the 
stacked trays 11 above the tray 11, which is being removed 
from the magazine 10 and returned thereto, with the lower 
most of the stacked trays 11 being spaced from the tray 11 
that is being removed and returned. 

Accordingly, a pair of retaining arms 52 and 53 is pivotally 
mounted on the magazine retention frame 29. The retaining 
arms 52 and 53 have their pivotally mounted support rods 54 
and 55, respectively, pivoted by the rotary solenoids 56 and 
57, which are supported on the retention frame 29. Ac 
cordingly, when the solenoids 56 and 57 are energized, the 
retaining arms 52 and 53 are moved to a position in which 
they will engage inclined lower edges 57’ of one of the trays 11 
within the stacked relation in the magazine 10. The anns 52 
and 53 engage the tray 11, which is above the tray 11 that is to 
be removed from and returned to the magazine 10. It should 
be understood that the retaining arms 52 and 53 are continu 
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ously biased by the springs to the position in which they do not 
engage any of the trays 11 so that deenergization of the sole 
noids 56 and 57 results in the retaining arms 52 and 53 being 
returned to the position in which they do not retain any of the 
trays 11. 
The movement of each of the trays 11 from the magazine 10 

and back to the magazine 10 is performed by a push-pull 
means including an arm 58 having a circular shaped end 59 
that is adapted to be disposed within one of the openings 48 in 
the tray 11. When one of the trays 11 is moved into the plane 
containing the arm 58, one of the openings 48 in the tray 11, 
which is to be removed from the magazine 10, will encompass 
the end 59 while the slot 49, which is communicating with the 
opening 48 in the tray 11 encompassing the end 59, will have a 
portion of the am 58 extending therethrough. Accordingly, 
movement of the arm 58 controls movement of the tray 11 
provided that the tray 11 is not frictionally restrained. 
The arm 58 is connected to a carrier 60 (see FIG. 3), which 

is slidably mounted on a frame 61 by being slidable along rods 
61' ?xed to the frame 61; the frame 61 is ?xedly secured to 
the top of the table 33. The carrier 60 is connected to a piston 
rod 62 (see FIG. 4) of a ?uid cylinder 63. The ?uid cylinder 
63, which is preferably an air cylinder, is supported by the top 
of the table 33. Accordingly, when ?uid is' supplied to one end 
of the cylinder 63, the arm 58 is extended from the frame 61 
and when ?uid is supplied to the opposite end of the cylinder 
63, the arm 58 is retracted. 
Movement of the arm 58 is stopped by engagement of the 

carrier 60 with stop pins 63a and 63b on the frame 61. Retrac 
tion of the arm 58 is stopped by engagement of the carrier 60 
with the stop pin 6311 while extension of the arm 58 is stopped 
by the carrier 60 engaging the stop pin 63b. 
The frame 61 has a pair of microswitches 64 and 65 (see 

FIG. 3) mounted thereon to indicate that movement of the 
arm 58 in each direction has stopped. The microswitch 64 has 
an arm 66, which is moved by a cam surface on the carrier 60, 
to deenergize the microswitch 64 to indicate retraction of the 
arm 58 into the frame 61 has been completed and to stop ?uid 
?ow to the cylinder 63. The retraction of the arm 58 is 
stopped in the position in which the end 59 is aligned with one 
group of the vertically aligned openings 48 in the trays 11. 
When an arm 67 of the microswitch 65 engages a cam sur 

face on the carrier 60, the extension of the arm 58 from the 
frame 61 has been completed and ?uid ?ow to the cylinder 63 
is stopped. This is the position to which the tray 11 is moved to 
have the articles 14 removed therefrom. 
As previously mentioned, there must be clearance between 

each of the trays 11, which is to be moved by the arm 58, and 
the tray 11 thereabove and adjacent thereto when the arm 58 
moves the tray 11 from the magazine 10. Accordingly, with 
the magazine 10 positioned as shown in FIG. 1, it is ?rst neces 
sary to energize the stepping motor 37 to lower the elevator 
30. 
When the stepping motor 37 ceases to lower the elevator 30 

after the predetermined number of steps required to position 
the lowermost of the trays 11 so that the retaining arms 52 and 
53 would not engage the lowermost of the trays 11 but the tray 
11 above the lowermost tray 11, the rotary solenoids 56 and 
57 are energized by the logic circuits to move the arms 52 and 
53 into their retaining positions. Then, the stepping motor 37 
continues to be energized to move the elevator 30 
downwardly. As a result, the lowermost of the trays 11 con 
tinues to move downwardly as will all of the other of the trays 
l I. 
As the elevator 30 moves downwardly, a pair of 

microswitches 68 (one shown for the arm 53), which are car 
ried by the arms 52 and 53, will be energized. This occurs due 
to the inclined edges 57’ of the tray 11, which is next to the 
lowermost of the trays ll, engaging a bracket 70 (see FIGS. 6 
and 7), which is pivotally mounted on each of the arms 52 and 
53 for actuating the microswitches 68. When the 
microswitches 68 are energized, the logic circuit receives a 
signal and allows the stepping motor 37 to step only a 
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predetermined number of steps. This will precisely position 
the lower tray 11 for actuation by the arm 58 with the desired 
clearance between the upper surface of the lowermost tray 11 
and the bottom surface of the next adjacent of the trays 11 
thereabove in the magazine 10. 
When the stepping motor 37 stops after the predetemiined 

number of steps after the microswitches 68 are energized, the 
logic circuit permits ?ow of ?uid to the ?uid cylinder 63 to 
move the arm 58 away from the frame 61. Thus, the 
microswitches 68 insure that there is a clearance between the 
tray 11, which is to be removed from the magazine 10 by the 
arm 58, and the remainder of the trays 11 within the magazine 
10 above the tray 11, which is to be removed. 

It should be understood that the lower surface of the tray 
11, which is to be removed from the magazine 10, will always 
be positioned in the desired horizontal plane when the 
microswitches 68 have been actuated since this indicates a 
certain clearance from the next adjacent of the trays 11 in the 
magazine 10. The positions of the brackets 70 of the 
microswitches 68 are such that this clearance insures that the 
lower surface of the tray 11, which is to be removed from the 
magazine 10 by the arm 58, is in the desired horizontal plane. 
When the arm 58 is moved its maximum distance from the 

frame 61, the tray 11, which the arm 58 is disposed within and 
moving, is positioned above an article lifter 71 (see FIG. 8), 
which is supported by the table 33. The tray 11 is disposed 
above the lifter 71 so that each of the receptacles or pockets 
12 in the tray 11 is positioned above a corresponding piston 72 
of the article lifter 71. 
When the tray 11 is positioned above the lifter 71, it is sup 

ported by a plate 71' (see FIG. 9), which is ?xedly supported 
by the table 33, and properly oriented by a push-pull 
mechanism 72’ (see FIG. 10). The push-pull mechanism 72' is 
actuated by the logic circuit when the rotary solenoids 56 and 
57 are energized. 
The pistons 72 are adapted to enter each of the receptacles 

12 in the tray 11 through an opening 73 (see FIG. 2) in the 
center of each of the receptacles 12. Accordingly, when the 
pistons 72 are moved upwardly through the openings 73 in the 
tray 11, the articles 14 are removed from the tray 11 and sup 
ported by the lifter 71. 
The pistons 72 are supported on a movable support 74 (see 

FIG. 9), which is attached to piston rod 75 on a fluid cylinder 
76; the ?uid cylinder 76 is secured to the table 33 and is 
preferably an air cylinder. The movable support 74 is slidably 
mounted on a pair of rods 77, which extend between upper 
portion 78 and lower portion 79 of a frame 80. The frame 80 is 
supported on a plate 81, which is secured to the cylinder 76 
for support from the table 33 through the cylinder 76. Ac 
cordingly, when ?uid is supplied to the cylinder 76, the sup 
port 74 is moved upwardly to cause the pistons 72 to engage 
the bottoms of the articles 14 in the tray 11. 

In order to retain each of the articles 14 on the upper sur 
face of the aligned piston 72 after the articles 14 are removed 
from the tray ill, each of the pistons 72 has a passage 82 ex 
tending therethrough and communicating with a recess 83 in 
the top surface of the plate 72. The passages 82 are connected 
to a suitable vacuum pump (not shown) whereby a vacuum is 
applied through the passage 82 and the recess 83 in each of 
the pistons 72 to retain the article 14 on the piston 72. This 
prevents any accidental dislodging of the article 14 from the 
piston 72. 

Simultaneous upward movement of the pistons 72 occurs 
when the arm 58 has completed its movement to position the 
tray 11 above the lifter 71 with the openings 73 in the tray 11 
aligned with the pistons 72. Thus, when the microswitch 65 
(see FIG. 3) has its arm 67 actuated by the cam surface on the 
carrier 60, this indicates to the logic circuit that movement of 
the arm 58 has stopped. When the logic circuit receives this 
signal, it allows ?uid to be supplied to the cylinder 76 to cause 
upward movement of the movable support 74. It also simul 
taneously allows the vacuum to be applied through the 
passages 82 in the pistons 72. 



3,625,384 
7 

Upward movement of the movable support 74 is stopped 
when a pin 84, which extends downwardly from the upper por 
tion 78 of the frame 80, is engaged by a microswitch 85, which 
is carried on one end of the movable support 74. When this 
occurs, the vacuum to the passages 82 is stopped and ?uid to 
the cylinder 76 is reversed whereby the movable support 74 
starts downward. When the pistons 72 are moved to their up 
permost positions, which are when the microswitch 85 en 
gages the pin 84, ?ngers 86 of an article handler 87 (see FIG. 
9) are moved to grasp the articles 14, which are supported on 
the upper surfaces of the four pistons 72. The article handler 
87 has four groups of the ?ngers 86 with each group of the ?n 
gers 86 adapted to cooperate with the article 14 on one of the 
pistons 72. 
The article handler 87 includes a main support plate 88, 

which is supported in spaced relation to the top of the table 33 
by support legs 89. The support plate 88 has a support 90 ex 
tending downwardly therefrom. The support 90 has four cylin 
drical-shaped members 91 supported thereby and extending 
downwardly therefrom. Each of the cylindrical-shaped mem 
bers 91 has one of the sets of the ?ngers 86 attached thereto. 
Each of the ?ngers 86 has a brace 92 extending through an 

aperture 93 in a cam plate 94. The cam plate 94 is supported 
at the lower end of a glide housing 95, which is carried by a 
rod 96. The rod 96 is connected to a piston rod of a ?uid 
cylinder 97, which is supported by the main plate 88 and is 
preferably an air cylinder, whereby movement of the glide 
housing 95 is controlled. Thus, when ?uid is supplied to one 
end of the ?uid cylinder 97, the glide housing 95 is moved 
downwardly to the position of FIG. 9 whereby the cam plate 
94 moves the ?ngers 86 of each of the sets toward each other 
so as to grasp the article 14, which is supported on the piston 
72. When ?uid is supplied to the other end of the cylinder 97, 
the glide housing 95 is moved upwardly from the position of 
FIG. 9. 
The vertical movement of the glide housing 95 is accom 

plished by utilizing vertically disposed guide rods 98, which 
are supported from the main support plate 88. Two of the rods 
98 extend through horizontally spaced openings in an upper 
?ange 99 and horizontally spaced openings, which are verti 
cally aligned with the openings in the upper ?ange 99, in a 
lower ?ange 100 on one side of the glide housing 95 while two 
more of the rods 98 extend through horizontally spaced 
openings in an upper ?ange 101 (see FIG. 11) and horizon 
tally spaced openings, which are vertically aligned with the 
openings in the upper ?ange 101, in a lower ?ange 102 on the 
other side of the glide housing 95. Thus, when the ?uid 
cylinder 97 has ?uid supplied thereto to move the glide hous 
ing 95, the housing 95 can only move in a vertical direction. 
Downward movement of the glide housing 95 is stopped by 

a mechanical stop, which includes a screw stop 103 (see FIG. 
11) on each of the ?anges 99 and 101. Each of the screw stops 
103 cooperates with the head of a bolt 104, which is carried 
on each of L-shaped supports 105 and 106 that extend 
downwardly from the support plate 88 and are supported 
thereby. This insures that the ?ngers 86 are properly posi 
tioned to retain the article 14 therein. 
At the same time that the movable support 74 of the lifter 

71 starts to move downwardly, the push-pull mechanism 72’ is 
returned to the position shown in FIG. 10 by a signal from the 
logic circuit. When the mechanism 72’ returns to the position 
of FIG. 10, a switch is actuated to supply a signal to the logic 
circuit to start a return conveyor 112. 
When the movable support 74 of the lifter 71 reaches its 

lowermost position, a microswitch 113 (see FIG. 9), which is 
carried by the movable support 74 on the opposite side from 
the microswitch 85, engages a stop pin 114 on the frame 80. 
This provides a signal to the logic circuit to stop the flow of 
?uid to the cylinder 76. 
When the logic circuit receives the signal that the pistons 72 

have been retracted from the tray 11, ?uid is supplied to the 
cylinder 63 to cause retraction of the arm 58. This pulls the 
tray 11 back into the magazine 10. 
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Retraction of the arm 58 ceases when the carrier 60 engages 

the stop pin 63a (see FIGS. 3 and 4). This is when the tray 11 
is again properly positioned within the magazine 10 so that the 
openings 48 (see FIG. 2) in the tray 11 are aligned with the 
elevator support rods 31 and 32 (see FIG. 1) to permit the tray 
11 to move downwardly when the elevator 30 is next actuated. 
When the microswitch 64 (see FIG. 3) is actuated by the 

cam surface on the carrier 60 to indicate that retraction of the 
arm 58 has been completed, it supplies a signal to the logic cir 
cuit to cause deenergization of the rotary solenoids 56 and 57 
(see FIG. 1). This causes the retaining arms 52 and 53 to be 
moved away from engagement with the tray 11, which they 
have been engaging to support the stack of the trays 11 as 
schematically shown in FIG. 13, to the position of FIG. 14. As 
a result, the stack of the trays 11 drops to close the clearance 
between the trays 11, which have been supported by the 
retaining arms 52 and 53, and the tray 11, which was removed 
from and then returned to the magazine 10. This is schemati 
cally shown in FIG. 14. 
When the retaining arms 52 and 53 are removed from en 

gagement with the tray 11, the microswitches 68 (see FIG. 7) 
are no longer closed since the brackets 70 are moved away 
from the tray 11 with the retaining arms 52 and 53. As a result, 
the opening of the microswitches 68 provides a signal to the 
logic circuit to indicate that the retaining arms 52 and 53 are 
no longer holding the trays 11. 
When the logic circuit receives this signal, the stepping 

motor 37 is again energized to lower the elevator 30 a 
predetermined number of steps whereby the magazine 10 is 
moved further downwardly to cause another of the trays 11 to 
be moved toward the position for movement out of and then 
return into the magazine 10 by means of the arm 58. After the 
elevator 30 is moved downwardly the predetermined number 
of steps to position the trays 11 as shown in FIG. 15, the rotary 
solenoids 56 and 57 are again energized by the logic circuit to 
return the retaining arms 52 and 53 to the position of FIG. 16 
in which they will again engage the next of the trays 11 
without engaging the prior tray 11, which the arms 52 and 53 
had previously engaged. 
The stepping motor 37 continues to move the elevator 30 

downwardly until the tray 11, which the retaining arms 52 and 
53 are to support, has the lower edges 57' engage the brackets 
70 of the microswitches 68. When this occurs, the logic circuit 
receives a signal and allows the stepping motor 37 to step only 
a predetermined number of steps. This precisely positions the 
tray 11, which is above the lowermost tray 11, for the actua 
tion by the arm 58 with the desired clearance provided 
between the tray 11, which is to be moved out of the magazine 
10 by the arm 58, and the adjacent tray 11 thereabove in the 
same manner as shown in FIG. 13. When the stepping motor 
37 stops after the predetermined number of steps after ener 
gization of the microswitches 68, the logic circuit again per 
mits the arm 58 to again move the tray 11, which is disposed 
for movement out of the magazine 10, since the clearance 
between the upper surface of the tray 11 and the tray 11, 
which is held by the retaining arms 52 and 53, exists. Of 
course, there also must be a signal to the logic circuit that the 
article lifter 71 and the article handler 87 are ready to receive 
another of the trays 11 before the logic circuit allows ?uid to 
?ow to the cylinder 63. 
While the article lifter 71 is ready to receive another of the 

trays 11 when the tray 11 is removed from the article lifter 71 
by the actuator arm 58, the articles 14, which are carried by 
the ?ngers 86 of the article handler 87, must be removed 
therefrom before the article handler 87 is ready to receive 
another of the trays 11. 

Accordingly, when the return conveyor 112 starts due to 
the push-pull mechanism 72' returning to the position of FIG. 
10, it advances a carrier 115 (see FIG. 10), which transports 
the articles 14 from the article handler 87, to a position in 
which a photocell is picked. Through the logic circuit, this 
stops the return conveyor 112 and raises positioner pins from 
the table 33 to properly position the carrier 115 beneath the 
sets of the ?ngers 86. 
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At the same time that the positioner pins are moved to their 
active positions, the push-pull mechanism 72' is actuated to 
dispose the carrier I15 beneath the sets of ?ngers 86 to 
receive the articles 14, which are held by the ?ngers 86. Guide 
plates 115' and 116 (see FIG. 9), which are mounted on op 
posite sides of the glide housing 95, cooperate to align the car 
rier 115, which is wider than the tray 11. When the carrier 115 
is appropriately positioned beneath the sets of the ?ngers 86, a 
signal is supplied to the logic circuit to cause the cylinder 97 to 
retract or lift upwardly the glide housing 95. As a result, the 
?ngers 86 in each of the sets are moved away from each other 
by the cam plate 94 to cease to hold the article 14 therein. 
As shown in FIG. 9, a blowoff tube 117 extends through the 

center of each set of the ?ngers 86' and supplies nitrogen 
against the article 14, which is held by the ?ngers 86. The 
supply of nitrogen through the blowoff tube 117 cleans the ar 
ticles 14, which are wafers, before they are moved to a 
processing station by the carrier 115. The supply of nitrogen 
to the blowoff tube 117 occurs when the photocell is picked 
by the carrier 115. 

After the carrier 115 has received the articles 14 from the 
article handler 87, the positioner pins are retracted into the 
table 33 and the push-pull mechanism 72’ is retracted to the 
position of FIG. 10. When the push-pull mechanism 72’ is 
returned to the position of FIG. 10, a signal is supplied to the 
logic circuit to indicate this. Then, a push-pull mechanism 118 
(see FIG. 10) is activated to remove the carrier 115 from 
beneath the article handler 87 to a continuously moving con 
veyor 119, which will transport the articles 14 in the carrier 
115 to a processing station. 

After the carrier 115, which receives the articles 14 from 
the article handler 87, has been removed from beneath the ar 
ticle handler 87 by the push-pull mechanism 118, the push 
pull mechanism 118 is returned to the position of FIG. 10. 
Then, a signal is supplied to the logic circuit to indicate this. 
Accordingly, the cylinder 63 may then have ?uid supplied 
thereto to move another of the trays 11 from the magazine 10. 
When the glide housing 95 is moved upwardly, upward 

movement is stopped by engagement of the upper ?anges 99 
and 101 with limit screws 120 (one shown in FIG. II), which 
are carried by the main support plate 88 of the article handler 
87. 
While upward movement of the glide housing 95 is stopped 

by the mechanical stop, flow of ?uid to the cylinder 97 is 
stopped when a cam roller 121 (see FIG. 9) on an arm 122 of 
a microswitch 123, which is carried by a bracket 124 extend 
ing downwardly from the main support plate 88, engages a 
surface 125 of the guide plate 115’. Thus, when the 
microswitch 123 is actuated by the cam roller I21 engaging 
the surface 125 of the guide plate 115', a signal is supplied to 
the logic circuit to stop ?ow of ?uid to the cylinder 97. 
At this time, another cycle is ready. Thus, the tray 11 can 

now be removed from the magazine 10 by the arm 58 and the 
entire cycle repeated. 

Considering the operation of the present invention, the 
magazine 10 is loaded in the magazine retention frame 29 with 
the tangs 39 in the slots 40 and the screws 43, which are sup— 
ported on the horizontally disposed plate 41 on each of the 
doors 18 and 19 of the magazine 10, engaging the 
microswitches 45. This produces a signal to the logic circuit to 
indicate which of the trays 11 are to be removed therefrom. 
After the magazine 10 is properly positioned in the magazine 
retention frame 29, both of the locking means 20 are released 
so that the magazine 10 may be moved downwardly by the 
elevator 30 while the sliding doors 18 and 19 remain ?xed in 
the magazine retention frame 29. 
With the magazine 10 properly loaded in the magazine re 

tention frame 29, the stepping motor 37 is energized by a 
pushbutton on the control panel. Accordingly, the stepping 
motor 37 moves the elevator 30 and the magazine 10 with the 
trays 11 therein downwardly for a predetermined number of 
steps. The stepping motor 37 is stopped after the elevator 30 
has been lowered a predetermined number of steps. 

20 

30 

35 

45 

60 

65 

75 

18 
Then, the rotary solenoids 56 and 57 are energized to move 

the retaining arms 52 and 53 along the microswitches 68 into 
the positions in which the arms 52 and 53 will engage the next 
of the trays 11 above the lowermost of the trays II. It is as 
sumed that the logic circuit receives a signal from the 
microswitches 45 to indicate that the ?rst of the trays 11 is to 
be removed from the magazine 10. If this were not the situa 
tion, then the elevator 30 would have been moved 
downwardly by the stepping motor 37 for the number of steps 
that would have positioned the tray 11, which was initially 
desired to be removed from the magazine 10, for removal 
from the magazine 10. 
When the rotary solenoids 56 and 57 are picked to move the 

retaining arms 52 and 53 along with the microswitches 68 into 
positions in which they will be engaged by one of the trays II 
in the magazine 10, the stepping motor 37 also is energized at 
this same time. Thus, the elevator 30 begins to move 
downwardly in stepped increments. 
As the elevator 30 moves downwardly, the inclined surfaces 

57' of the tray 11, which is above the lowermost tray 11, ini 
tially engage the brackets 70 on the arms 52 and 53. This ac 
tivates the microswitches 68 to supply a signal to the logic cir 
cuit. 
When the logic circuit receives a signal due to both of the 

microswitches 68 being energized, the stepping motor 37 may 
then continue to step the elevator 30 downwardly for a 
predetermined number of steps until the lower most tray 11 is 
disposed with the clearance from the next of the trays II. This 
is shown in FIG. 13. 

After the stepping motor 37 has been stepped the desired 
number of steps after the microswitches 68 have been ac 
tivated, the logic circuit stops the stepping motor 37. At this 
time, the elevator 30 has positioned the lowermost tray 11 so 
that the end 59 of the arm 58 is disposed within the opening 48 
in the tray 11. Accordingly, ?uid is supplied to the cylinder 63 
to move the carrier 60 to position the tray 11 above the article 
lifter 71 (see FIGS. 8 and 9). It should be understood that the 
push-pull mechanism 72' (see Flg. 10) is activated at the same 
time that the rotary solenoids 56 and 57 are picked. Thus, the 
push-pull mechanism 72’ is positioned beneath the article 
handler 87 and above the article lifter 71 when the tray 11 is 
moved between the article lifter 71 and the wafer handler 87. 
It should be understood that the complete movement of the 
push-pull mechanism 72' is not completed until after move 
ment of the carrier 60 has started. 
When the carrier 60 completes its movement to position the 

tray 11 above the article lifter 71 by disposing the tray on the 
plate 71’ for support thereby, the microswitch 65 (see FIG. 3) 
is activated by the arm 67 being engaged by a cam surface on 
the carrier 60. This not only stops ?ow of ?uid to the cylinder 
63 but also provides a signal to the logic circuit to cause fluid 
to be supplied to the cylinder 76 (see FIG. 9) to move the 
movable support 74 upwardly and vacuum to be applied to the 
passages 82 in the pistons 72. The vacuum retains the articles 
14 on the tops of the piston 72 as the movable support 74 is 
moved upwardly. 
When the movable support 74 completes its upward move 

ment, the microswitch 85 is activated to provide a signal to the 
logic circuit. This reverses the supply of ?uid to the cylinder 
76 to cause downward movement of the movable support 74 
of the article lifter 71 and activates the supply of ?uid to the 
cylinder 97 to start downward movement of the cam plate 94. 
At the same time, the push-pull mechanism 72’ is retracted 
from the position in which it aided in positioning the tray 11. 
The downward movement of the cam plate 94 moves the 

?ngers 86 toward each other to grasp the articles 14 
therebetween. When the ?ngers 86 grasp the articles 14 for 
supporting the articles, they remove the articles I4 from the 
pistons 72 on which the articles 14 have been supported. 
While the cylinder 76 for moving the movable support 74 
downwardly has the ?uid supply reversed at the same time 
that the ?uid is supplied to the cylinder 97 to move the cam 
plate 94 downwardly, the relative inertia of the two structures 
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is such that the ?ngers 86 will grasp the articles 14 before the 
pistons 72 have moved downwardly. 
The downward movement of the article lifter 71 is stopped 

when the microswitch 113 is activated. As a result, this sup 
plies a signal to the logic circuit to stop ?uid ?ow to the 
cylinder 76 and to supply ?uid to the cylinder 63 to retract the 
arm 58 so as to return the tray 11 to the magazine 10. 
When the carrier 60 has been retracted into the frame 61 so 

that the microswitch 64 (see FIG. 3) is actuated by a cam sur 
face on the carrier 60 engaging the roller on the arm 66 of the 
microswitch 64, a signal is supplied to the logic circuit to stop 
?ow of ?uid to the cylinder 63. The logic circuit also deener 
gizes the rotary solenoids 56 and 57 to return the arms 52 and 
53 to the position of FIG. 14 whereby the trays 11 may fall 
downwardly so that there is no longer any clearance between 
the tray 11, which has been removed from the magazine 10 
and returned thereto, and the trays 11 thereabove. The logic 
circuit then supplies a signal to the stepping motor 37 to lower 
the elevator a predetermined number of steps so that the 
retaining anns 52 and 53 will be able to move into engagement 
with the inclined surface 57’ of the third of the trays l 1 above 
the baseplate 17 in the manner shown in FIG. 16 when the ro 
tary solenoids 56 and 57 are next energized. 
At the same time that the movable supportv 74 (see FIG. 9) 

of the article lifter 71 returned to the position in which the 
microswitch 113 was activated, the push-pull mechanism 72’ 
(see FIG. 10) returned to the position in which it activated a 
microswitch to supply a signal to the logic circuit. This 
resulted in the logic circuit activating the return conveyor 112 
to move one of the carriers 115 to a position in which a 
photocell was activated through sensing the carrier 115 at this 
position. When this occurs, the return conveyor 112 is inac 
tivated by the logic circuit. 
At this time, the positioner pins are advanced upwardly 

from the table 33 into a position to limit the amount of move 
ment of the carrier 115 beneath the article handler 87. The 
movement of the carrier 11S underneath the article handler 
87 by the push-pull mechanism 72’ being activated occurs at 
the same time that the positioner pins are moved upwardly 
from the table 33. 
At this time, the logic circuit also supplies a signal to cause 

the blowoff tubes 117 to supply nitrogen to the articles 14 to 
clean them. Thus, the blowoff tubes 117 apply nitrogen before 
the ?ngers 86 of the article handler 87 release the articles 14 
therefrom. 
When the push-pull mechanism 72' completes its inward 

movement whereby the carrier 115 is properly positioned 
beneath the ?ngers 86 of the article handler 87, a switch is ac 
tivated to provide a signal to the logic circuit whereby ?uid is 
supplied to the cylinder 97 to move the camp plate 94 up 
wardly and cause the ?ngers 86 to cease to retain the articles 
14 therein. As a result, the articles 14 fall into the carrier 115. 
After ?uid flow to the cylinder 97 has returned the cam 

plate 94 to the uppermost position, the microswitch 123 is 
deenergized to provide a signal to the logic circuit to indicate 
this. This stops ?ow of ?uid to the cylinder 97. 
At the same time that the ?uid is supplied to the cylinder 97 

to move the cam plate 94 upwardly to cause the articles 14 to 
be released from the ?ngers 86, the push-pull mechanism 72’ 
is retracted. When the push-pull mechanism 72' completes its 
retraction, a switch is activated to indicate this to a logic cir 
cuit. At this time, the positioner pins are retracted into the 
table 33 and the push-pull mechanism 118 is activated to 
move the carrier 115 onto the conveyor 119. The conveyor 
119 is a continuously moving conveyor so that the carrier 115 
is rapidly moved away from the article handler 87 as soon as 
the carrier 115 is disposed on the conveyor 119. 
Upon the push-pull mechanism 118 completing its push 

cycle whereby the carrier 115 is pushed onto the conveyor 
119, a switch is actuated to provide a signal to the logic cir 
cuit. As a result, the logic circuit supplies a signal to retract 
the push-pull mechanism 118 to the position of FIG. 10. When 
the push-pull mechanism 118 returns to the position of FIG. 
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10, it actuates a switch to indicate to the logic circuit that it is 
no longer disposed beneath the article handler 87. 

Then, the logic circuit not only supplies a signal to stop 
movement of the push-pull mechanism 118 but also supplies a 
signal to pick the rotary solenoids 56 and 57 and to start 
downward movement of the elevator 30 by energizing the 
stepping motor 37. This moves the retaining arms 52 and 53 
into the position shown in Flg. 15. As the downward move 
ment of the elevator continues, the microswitches 68 are ac 
tivated, as previously described, and the remainder of the 
cycle continues in the same manner. Of course, the signal 
from the logic circuit, which picks the rotary solenoids 56 and 
57, activates the push-pull mechanism 72’ to dispose it 
beneath the article handler 87. 

If desired, one or more of the trays 11 may be skipped and 
not removed from the magazine 10. This would be accom 
plished through the signals supplied to the logic circuit from 
the microswitches 45, which are actuated by the screws 43 
carried on the horizontal disposed plates 41 on the doors 18 
and 19. In this arrangement, the stepping motor 37 would 
lower the elevator 30 a much greater distance than merely the 
thickness of one of the trays 11 when the tray 11, which has 
been removed from the magazine 10, is returned thereto. 
When all of the trays 11 which are carried by the magazine 

10 and are to be removed therefrom, have been removed and 
returned thereto, the logic circuit supplies a signal to the 
stepping motor 37 to lower the elevator 30 until a microswitch 
126 (see FIG. 1), which is carried by the frame 35, is actuated 
by the elevator 30 being in its lowermost position as indicated 
in phantom lines. 
When the elevator 30 is in its lowermost position, the signal 

to the logic circuit from the microswitch 126 causes the 
stepping motor 37 to be reversed in direction and the speed to 
be increased to move the elevator 30 upwardly until the eleva 
tor 30 is stopped by a microswitch (not shown). 
When the microswitch is engaged by the elevator 30 in its 

upward movement, the signal to the logic circuit causes the 
logic circuit to reverse the stepping motor 37 and lower the 
elevator 30 at the lower speed, which is used in lowering the 
elevator to remove the traps 11 from the magazine 10. The 
stepping motor 37 is energized for a predetermined number of 
steps and then stopped. This disposes the elevator 30 in the 
solid line position of FIG. 1. 

Then, the magazine 10 is removed from the magazine reten 
tion frame 29. Prior to removal of the magazine 10 from the 
magazine retention frame 29, the handles 24 of the locking 
means 20 are removed from the notches or slots 25' in the 
doors 18 and 19 and rotated so that the locking means 20 may 
again lock the doors 18 and 19 to the upper plate 16 of the 
magazine 10. This provides a storage container for the tray 11 
into which neither dust nor light may penetrate. Furthermore, 
the trays 11 are secured by the compression plate 26 through 
the handle 28. 

After the magazine 10 is removed from the magazine reten 
tion frame 29, it may be transported to another station or 
stored. It also may be necessary to vary the number of the 
screws 43 in one or both of the horizontally disposed plates 41 
on the doors l8 and 19 at this time. 

Instead of utilizing the magazine 10 for transporting articles 
to a work station and then removing the articles therefrom for 
processing at the work station, it should be understood that 
the present invention may be readily utilized for receiving arti 
cles from a work station for transport therefrom. In such an ar 
rangement, each of the trays 11 would be removed from the 
magazine 10 by the actuating arm 58 and disposed in a posi 
tion in which the articles 14 could be deposited within the 
receptacles 12 in the trays 11. After the articles 14 were 
placed in the receptacles 12 in the tray 11, the tray 11 would 
be returned to the magan'ne 10. The elevator 30 would have 
to be lowered after each of the trays 11 was returned to the 
magazine 10 in the same manner as previously described so 
that another of the trays 11 could be removed from the 
magazine 10 for receiving the articles 14. 
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The sliding doors l8 and 19 on the magazine 11.!) would have 

the screws 43 on the plates 41 to indicate which of the trays 11 
was empty and available to receive the articles 14. Thus, only 
a portion of the trays 11 within the magazine 10 might be 
available to receive the articles 14. 
The articles 14 are dropped into the receptacles 12 in the 

tray 111 from a vacuum article pickup. The vacuum article 
pickup removed the articles 14 from one of the carriers 115 
into which the articles l4l have been disposed after the articles 
14 have been treated at the processing station. , 
While the retaining arms 52 and 53 have been shown as ac 

tuated by the rotary solenoids 56 and 57, it should be un 
derstood that any other suitable means for moving the retain 
ing arms 52 and 53 may be employed. For example, an air 
cylinder with a gear drive arrangement could be utilized. 
An advantage of this invention is that wafers may be auto 

matically transferred in sets from a storage area to a 
processing station. Another advantage of this invention is that 
the articles are protected during transit or storage from 
breakage, dust, or light. A further advantage of this invention 
is that the magazine may be utilized for both transporting the 
articles and storing the articles. ' 
While the invention has been particularly shown and 

described with reference to a preferred embodiment thereof, 
it will be understood by those skilled in the art that various 
changes in the form and details may be made therein without 
departing from the spirit and scope of the invention. 
What is claimed is: 
1. An apparatus for handling articles including: 
a plurality of container means, each of said container means 

adapted to support at least one article; 
?rst means to support a plurality of said container means in 

vertically stacked relation in engagement with each other; 
second means to removably support said ?rst support 

means; 
transport means to remove any of said container means 
from said ?rst support means separately to a position ex 
ternal of said ?rst support means and return said removed 
container means from the external position to said ?rst 
support means in the same stacked relation before 
another of said container means is removed therefrom by 
said transport means; 

means to lower the stacked relation of said container means 
a predetermined distance; 

third means to support all of said container means above 
said container means that is to be removed from said ?rst 
support means by said transport means, said third means 
being effective after said lowering means has lowered the 
stacked relation of said container means the predeter 
mined distance; 

and means to cause said lowering means to lower said con 
tainer means that is to be removed from said ?rst support 
means by said transport means and any of said container 
means therebeneath until said container means that is to 
be removed is at the position at which said container 
means is removed from said ?rst support means by said 
transport means, said causing means being effective after 
said third means is effective whereby a clearance is pro 
vided between the lowermost of said container means 
supported by said third means and said container means 
that is to be removed from said ?rst support means by 
said transport means. 

2. The apparatus according to claim 1 in which: 
each of said container means removed from and returned to 

said ?rst support means by said transport means has at 
least one article supported thereby; 

and means to automatically remove the article from said 
container means after said container means is removed 
from said ?rst support means and before start of return of 
said container means to said ?rst support means. 

3. The apparatus according to claim l including means to 
selectively render said third support means ine?ective at vari 
ous times during movement of said container means by said 
lowering means. 
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4. An apparatus for handling articles including: 
a plurality of container means, each of said container means 

adapted to support at least one article; 
?rst means to support a plurality of said container means in 

vertically stacked relation in engagement with each other; 
second means to removably support said ?rst support 

means; 
transport means to remove any of said container means 
from said ?rst support means separately to a position ex 
ternal of said ?rst support means and return said removed 
container means from the external position to said ?rst 
support means in the same stacked relation before 
another of said container means is removed therefrom by 
said transport means; 

third means, separate from said ?rst support means, being 
selectively e?'ective to support all of said container means 
stacked above said container means being removed from 
said ?rst support means by said transport means in spaced 
relation to said container means being removed from said 
?rst support means by said transport means to provide a 
clearance therebetween; 

and said ?rst support means having means supported 
thereby to select which of said container means is 
removed from and returned to said ?rst support means by 
said transport means when said ?rst support means is sup 
ported by said second support means. 

5. The apparatus according to claim 4 in which said second 
support means has means supported thereby cooperating with 
said selecting means of said ?rst means to control which of 
said container means is removed from said ?rst support means 
and returned thereto by said transport means. 

6. An apparatus for handling articles including: 
a plurality of container means, each of said container means 

adapted to support at least one article; 
?rst means to support a plurality of said container means in 

stacked relation; 
said ?rst support means includes: 

a body supporting said container means; 
and said body having sliding access means on opposite 

sides thereof; 
second means to support said ?rst support means; 
said second support means includes: 
means to ?xedly support said sliding access means when 

said first support means is supported on said second 
support means; 

and means to movably support said body when said ?rst 
support means is supported on said second support 
means; 

and transport means adapted to move each of said container 
means from said ?rst support means separately and return 
each of said container means to said ?rst support means 
before another of said container means is removed 
therefrom. 

7. The apparatus according to claim 6 including means to 
lock each of said sliding access means to said body when said 
?rst support means is removed from said second support 
means to form a closed housing for said container means. 

8. A method of handling articles including: 
arranging a plurality of containers in vertically stacked rela 

tion with each of the containers adapted to support at 
least one article; 

disposing the stacked containers so that a container may be 
moved horizontally therefrom by lowering the stacked 
containers for a predetermined distance, preventing 
further lowering of the containers above the container to 
be horizontally moved from the stacked containers, and 
lowering the horizontally movable container and any con 
tainers therebeneath until the horizontally movable con 
tainer is at the position at which it is to be horizontally 
moved; 

supporting the containers above the horizontally movable 
container in vertically spaced relation to the horizontally 
movable container while the horizontally movable con 
tainer is removed from the stacked relation and then 
returned to the stacked relation; 
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removing the horizontally movable container from the 
stacked relation to a position external of the stacked rela 
tion and returning the horizontally movable container 
from the external position to the stacked relation before 

75 

216 
tainer means after said container means is removed from 
said ?rst support means; 

and means to indicate that said container means is removed 
from said ?rst support means by said transport means, 

another of the containers can be removed from the 5 said indicating means insuring that said automatic 
stacked relation; removal means is not actuated until said container means 

stopping support of the containers above the horizontally is removed from said ?rst support means by said transport 
movable container after it has returned to the stacked means. I 
relation; 12. An apparatus for handling articles including; 

and lowering the stacked relation of the containers to posi- 10 a plurality of container means, each of said container means 
tion another of the containers for horizontal movement adapted to support at least one article; 
from the stack after the horizontally movable container is ?rst means to support a plurality of said container means in 
returned to the stacked relation and the support of the stacked relation; 
containers above the horizontally movable container is second means to support said ?rst support means; 
ended. . l5 transport means adapted to move each of said container 

9. The method according to claim 8 in which: means from said ?rst support means separately and return 
each of the containers supports at least one article therein; each of said container means to said ?rst support means 
and selecting the containers to be removed is in accordance before another Of Said Container means iS removed 

with an indicating signal. therefrom; 
10. The method according to claim 9 including removing 20 third means to support all of said container means stacked 

the articles from any container that is removed from the above said container means being removed from said ?rst 
stacked containers during the time that the container is support means in spaced relation to said container means 
removed from the stacked containers. being removed from said ?rst support means to provide a 

11. An apparatus for handling articles including: cleal'ance lhel'ebetween; ‘ 
a plurality of container means, each of said container means 25 m?ans l0 vertically move Said Container means from ‘he 
adapted to support at least one article; position in which said container means may be moved 

?rst means to support a plurality of said container means in from Said ?rst Support means by Said transport means 
stacked relation; after said container means has been returned to said ?rst 

second means to removably support said ?rst support Support means by Said transport means; 
means; 30 said third support means including signal means actuated by 

transport means to remove any of said container means the lowermost of said container means supported by said 
from said ?rst support means separately to a position ex- third SUPPO!‘t means; , , . 
ternal of said ?rst support means and return said removed and 531d vem_ca"y movable means mfmng Said conmmer 
container means from the external position to said ?rst mean? that '5 to be removed from Sam ?rst suPpon means 
support means in the Same stacked relation before 3 5 by said transport means a predetermined distance after 
another of said container means is removed therefrom by actuation of said signal means to produce the clearance 
Said transport means; between the_ lowermost of said container ‘means sup 

each of said container means removed from and returned to Ported by Sam ‘hm! suppon means and Sand comamer 
said ?rst support means by said transport means having at mfians to be removed from Sam ?rst suppon means by 
least one article supported thereby; 40 Send transport means‘ 

means to automatically remove the article from said con- * * * * * 
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