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[57] ABSTRACT

A carrier conveying apparatus comprises a first carrier
rest for placing carriers thereon, a second carrier rest to
which the carriers are conveyed, a carrier holding
member for holding a plurality of carriers at a time from
below, a liftably moving mechanism for liftably moving
the carrier holding member and a horizontally moving
mechanism provided over a distance from below the
first carrier rest to a position below the second carrier
rest to horizontally move the carrier holding member
and liftably moving mechanism. The liftably moving
mechanism lifts the carrier holding member from below
the first carrier rest and hence lifts the carriers placed
on the first carrier rest in a manner to hold them by the
carrier holding member. Then the horizontally moving
means horizontally moves the carrier holding member
and liftably moving mechanism to a position above the
second carrier rest. Then the liftably moving mecha-
nism lowers the carrier holding member to place the
carriers on the second carrier rest.

27 Claims, 12 Drawing Sheets
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1
CARRIER CONVEYING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a carrier conveying
apparatus.

2. Description of the Prior Art

In a semiconductor heat-treating device, etc., a car-
rier conveying apparatus has been employed which
conveys a carrier with a plurality of semiconductor
wafers substantially vertically held in a spaced-apart
relation.

An apparatus having a gripping means for gripping
carriers from above is conventionally known as a car-
rier conveying apparatus. The carriers are conveyed by
a gripping means-equipped carrier conveying apparatus
as will be set out below. First, the gripping means is
moved, by liftably moving means and horizontally
- moving means, to a desired height above the carrier.
Then, the gripping means is opened at the desired posi-
tion and lower toward the carrier. The gripping means,
upon reaching a given position, stops its lowering and
grips the carrier by closing the gripping means. The
gripping means is moved in a lifting motion and in a
horizontal motion with the carrier gripped thereby. The
gripping means, upon reaching a desired position, re-
leases the carrier with the gripping means opened and
place the carrier in place.

In the case where the carrier is gripped and conveyed
to the predetermined position, for example, dust, etc., is
raised upon the opening and closing operate the grip-
ping means from a sliding part of the gripping means,
falling on the surfaces of wafers in the carrier. In this
way, the dust is deposited there. As a result, drop in the
yield of semiconductor devices, which are finished
products, results.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a
carrier conveying apparatus which can avoid the depo-
sition of dust on a wafer surface by handling of the
carrier.

The object of the present invention is achieved by the
carrier conveying apparatus which can hold a carrier
from below a carrier rest with the carrier placed on the
carrier rest and move it to a desired position in a lifting
motion and in a horizontal motion without operating,
for example, a holding means above the carrier which
would cause occurrence of dust.

According to the present invention, there is provided
a carrier conveying apparatus comprising:

a first carrier rest on which carriers are placed, said
carriers being able be held a plurality of plates,

a second carrier rest,

a carrier holding member for holding carriers from
beneath, and

a carrier holding member driving mechanism for
lifting the carrier holding member from beneath the first
carrier rest and, by doing so, lifting the carriers which
are placed on the first carrier rest with the carriers held
by the carrier holding member, moving the carrier
holding member in a horizontal direction and placing
the carriers on the second carrier rest after the carrier
holding member has been lowered toward the second
carrier rest.

According to the carrier conveying apparatus of the
present invention, since the carrier holding member
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conveys carriers in a manner to lift the carriers from
beneath, dust, etc., even if being raised, is less likely to
be deposited onto wafers in the carrier

Additional objects and advantages of the invention
will be set forth in the description which follows, and in
part will be obvious from the description, or may be
learned by practice of the invention. The objects and
advantages of the invention may be realized and ob-
tained by means of the instrumentalities and combina-
tions particularly pointed out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illus-
trate presently preferred embodiments of the invention,
and together with the general description given above
and the detailed description of the preferred embodi-
ments given below, serve to explain the principles of the
invention.

FIG. 1 is a perspective view showing a stock unit
containing a carrier conveying apparatus according to
an embodiment of the present invention;

FIG. 2 is a perspective view showing a semiconduc-
tor heat-treating device containing the stock unit of
FIG. 1;

FIG. 3 is a diagrammatic view showing a major sec-
tion of the stock unit of FIG. 1;

FIG. 4 is a plan view showing a port in the embodi-
ment of the present invention;

FIG. 5 is a perspective view showing a port and
carrier holding member in the embodiment of the pres-
ent invention;

FIG. 6 is a side view showing a major section of the
carrier conveying apparatus according to the embodi-
ment of the present invention;

FIG. 7 is a front view showing a major section in the
carrier conveying apparatus according to the embodi-
ment of the present invention;

FIG. 8 is an explanative view showing a first control
section in the embodiment of the present invention;

FIGS. 9A to 9E are explanative views showing the
processes of conveying carriers on the embodiment of
the present invention;

FIG. 10 is a perspective view for showing a port and
a carrier holding member in another embodiment of the
present invention; and

FIG. 11 is a perspective view for showing a port and
a carrier holding member in another embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Applying a carrier conveying apparatus of the pres-
ent invention to a stock unit will be explained in more
detail below with reference to the accompanying draw-
ings.

The stock unit is provided at the preceding stage of
an apparatus for heat-treating a semiconductor wafer.
As shown in FIG. 1, a wafer transfer mechanism 2
permits automatic transfer to be made between wafer
carriers send from the stock unit 1 and capable of stor-
ing, for example, 25 sheets each and a wafer boat for
heat treatment which is made of, a heat-resistant mate-
rial (i.e. quartz) and capable of placing 100 to 150 wafers
therein. The wafer transfer mechanism 2 comprises a
boat holding mechanism 3, a wafer push-up motion
mechanism 4 and a wafer chuck moving mechanism 5.
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The boat holding mechanism 3 places the wafer boat to
a predetermined position. The wafer push-up motion
mechanism 4 enables a row of wafers which are placed
in the wafer carrier or the wafer boat to be pushed up
from below at a time when the wafers are to be trans-
ferred. The wafer chuck moving mechanism 5§ grips the
wafer row pushed up from the wafer push-up motion
mechanism 4 to allow the wafer row to be transferred
from the wafer carrier to the wafer boat or from the
wafer boat to the wafer carrier.

At a subsequent stage of the wafer transfer mecha-
nism 2, as shown in FIG. 2 a boat transfer mechanism
13, boat conveying mechanism 14, elevator 15, furnace
16 and gas supply source 17 are sequentially provided.

The boat transfer mechanism 13 allows the wafer
boat to be transferred between the wafer transfer mech-
anism 2 and the boat conveying mechanism 14. The
boat conveying mechanism 14 allows the wafer boat
which is transferred by the boat transfer mechanism 13
to be conveyed to a front of the furnace 16. The elevater
15 allows the wafer boats to be carried up in the furnace
16. The furnace 16 is of a vertical heat-treating type
capable of heat-treating a greater number of wafers at a
time. In the furnace 16, a resistance heating type heater
is provided around a process tube for performing a
desired oxidation, diffusion, CVD treatment, and so on.
The gas supply source 17 supplies a predetermined
process gas into the process tube in the furnace 16.

An air fan (see 6 in FIG. 1), HEPA filter and delivery
fan, not shown, are provided in the stock unit 1, transfer
mechanism 2, boat transfer mechanism and boat con-
veying mechanism which are provide in a clear room to
feed clean air to a carrier-stock position and in parallel
to each wafer surfaces as a down flow stream.

Shelves 21, right and left, are arranged in a plurality
of stages (for example, four stages) in the stock unit 1 as
shown in FIG. 3 to place and stock carriers thereon.
The shelves 21 include a plurality of carrier rests 22.
For example, the shelf 21 has a continuous unit of six
carrier rests. Each of positions to place each of carriers
on the shelves 21 is defined as addresses confirming
clearly kinds of wafers order of wafers to be processed
and kinds of process performed on wafers. The ad-
dresses are registrated in a computer.

The carrier is comprised of a casing with, for exam-
ple, 25 wafers vertically held upright in a mutually
spaced-apart relation. Normally, the opposite side por-
tions of the carrier are inclined from their intermediate
portions toward its bottom with a pair of leg portions
provided in parallel each other.

An IN-side station 23 and OUT-side station 24 are
provided on the lowest shelves 21, right and left. The
IN- and OUT-side stations 23 and 24 include six carrier
rests 25 and 26, respectively, as in the case of the shelves
21,

A carrier plate 35 for conveying a plurality of (for
example, six) carriers thereon is located between the
IN-side station 23 and the OUT-side station 24 such that
it can be moved in the X-axis direction as shown in FIG.
3

A carrier arm 37 is located within the stock unit 1
such that it can be moved in the Y- and Z-axis directions
in FIG. 3. The carrier arm 37 includes six holding mech-
anisms 36 for holding the carriers.

An IN-side port 17 is fixed in the front portion of the
stock unit 1 at a preceding stage of the IN-side station 23
and the same height level as that of it. Similarly, an
OUT-side port 28 is fixed at a preceding stage of the
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4
OUT-side station 24 at the same height level as the
OUT-side station 24.

A pair of carrier rests (29, 30) are provided at each of
the IN- and OUT-side ports 27 and 28. As shown in
FIG. 4, the pair of carrier rests 29a, 29b in the IN-side
port 27 are rectangular in configuration each. The car-
rier rests 29a and 295 are narrowed at their base end
portions to provide a T-like groove 43 at an area be-
tween the carrier rests 29 and 295. Grooves 48 and 49
are provided one outside of base portions 41 and 42.

An L-shaped clamp 44 is provided at four comner
portions of the carrier rest (294, 295) to prevent a slip-
page of the carrier placed on the carrier rest (29a, 29b).

A pair of carrier presence/absence identification sen-
sors 45a, 45 are provided at each of the carrier rests
29a, 29b, one at the diagonal corners. A carrier reverse
placement detecting sensor 47 can be provided at one of
the four corners of each of the carrier rests 29a and 295
to detect the reverse placement of the carrier as re-
quired. The carrier presence/absence identification
sensor (45a, 45b) detects the placement of the carrier on
the carrier rest (29a, 295). When the carrier presen-
ce/absence identification sensors 45a and 45b are turned
ON, a control section determines that carriers are
placed on the carrier rests 29z and 29b.

The carrier reverse placement detecting sensor 47
identifies the direction in which the carrier is placed on
the carrier rest (294, 296). As shown in FIG. 5, for
example, if the carrier 51 having a cutout 43 provided
only at one end of one of the leg portions described
above is placed on the IN-side port 27, the carrier re-
verse placement detecting sensor 47 stays ON. If, on the
other hand, the carrier 51 is placed to a position 180°-
displaced from the position shown in FIG. §, the carrier
reverse placement detecting sensor 47 is ON and the
control section detects that the carrier 51 is placed in
the 180°-displaced state. By identifying the reverse
placement of the carrier, the direction of a processed
side of the wafers 50 being received in the carrier 51 is
prevented from being reversed during conveying of the
carrier 51.

Although an explanation has been given of the carrier
rest 29 at the IN-side port 27, the carrier rest 30 of the
OUT-side port 28 is similarly formed having carrier
presence/absence identification sensors 45 and carrier
reverse placement detecting sensors 47. Further, the
carrier rests 25 and 26 of the IN- and OUT-side stations
23 and 24 are similarly formed having carrier presen-
ce/absence identification sensors 45 and carrier reverse
placement detecting sensors 47.

The IN-side port 27, OUT-side port 28, IN-side sta-
tion 23 and OUT-side station 24 can be of such a type
that no dust occurs, even upon contact with the carrier
51, for which, for example, a vinyl chloride resin is
employed. A anti-static treatment can be performed to
the vinyl chloride resin.

Carrier holding members 33 and 34 are provided in
the stock unit 1 such that the carriers 51 on the IN- and
OUT-side ports 27 and 28 are held from beneath the IN-
and OUT-side ports 27 and 28, respectively, as shown in
FIG. 3. As shown in FIG. §, the carrier holding mem-
bers 33 comprise a main rod 55, projection rods 56 and
58 provided on both ends of the main rod 55 and a

_projection rod 57 provided at the middle of the main

rod 55 to provide an E-shaped unit. The spacings be-
tween the projection rods 56 and 57 and projection rods
§7 and 58 are so dimensioned as to allow the carrier
rests 29 and 30 of the IN- and OUT-side ports 27 and 28
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to pass therethrough. Forward ends 56a¢ and 58a of the
projection rods 56 and 58 are key-shaped such that they
can pass through the grooves 48 and 49 of the carrier
rests 29 and 30, as described above. A forward end §7a
of the projection rod 57 is T-like in configuration so that
it can pass through the groove 43 of the carrier rests 29
and 30 as described above.

As shown in FIG. 6, support portions 59 are provided
on those forward ends 56a, 57a and 58a of the projec-
tion rods 46, 47 and 48, and on the main rod 58, at those
areas corresponding to upper shoulders 61 of inclined
surfaces 62 at the base portion of the carrier 51 and,
when the carrier 51 are to be held, support at the upper
shoulders 61 of the inclined surfaces set out above. The
support portions 59 have a inclined surfaces to corre-
sponding to the inclined surfaces 62 set out above.

The carrier holding members 33 and 34 are made of,
for example, aluminum alloy (A5052P).

Although the carrier holding members 23 and 24
have been explained in conjunction with the present
embodiment, the present embodiment is not restricted
thereto and it may be possible to hold opposed flanges
54 as provided at upper edges of the carriers S1.

A liftable means is mounted on the carrier holding
members 33 and 34 to lift the latter 33 and 34. As shown
in FIGS. 6 and 7, a support plate 71 is vertically
mounted on the main rod 55 of the carrier holding mem-
ber 33 of the IN-side. A liftable means mounting plate
72 is vertically mounted on the lower end of the support
plate 71. Substantially in the middle of the mounting
plate 72, an air cylinder 73 is mounted through a mount-
ing member 74. The upper end of the cylinder section of
the air cylinder 73 is fixed to a body 76 by an air cylin-
der holding plate 75 projected from the body 76. The
lower end of the cylinder section of the air cylinder 73
is fixed to the body 76 by a fastening metal fitting 77
projecting from the body 76.

An air compressor 84 is connected through air tubes
86, 87 and first control section 83 to the upper and
~ lower ends of the cylinder section of the air cylinder 73.
The first control section 83 comprises, as shown in FIG.
8, speed controllers 91 and 92 connected through air
tubes 86 and 87 to the upper and lower ends of the
cylinder body 73a of the air cylinder 73 and a 2-position
double solenoid valve 93 connected to the speed con-
trollers 91 and 92. An air compressor 84 is connected to
an air supply side of the 2-position double solenoid
valve 93. Sensors 94 and 95 are provided on the upper
and lower end portions of a cylinder section 73a of the
cylinder 73, respectively, to detect the position of the
piston head of the piston section 73b. The sensors 94 and
95 and 2-position double solenoid valve 93 are electri-
cally connected to a central processing unit, not shown.

On that side of the body 76 opposite to that on which
the air cylinder 73 is fixed, a ball screw 78 is mounted
through mounting metal fittings 79 in a direction per-
pendicular to the air cylinder 73. On a base 80 on which
the IN-side port 27 and IN-side station 23 are located,
the ball screw 68 is mounted for a distance from the end
portion of the base 80 near the IN-side port 27 to the
other end portion near the IN-side station 23.

A stepping motor 81 for rotating the ball screw 78 is
connected by a belt 82 to the end portion of the ball
screw 78 on the IN-side port 27 side. A second control
section 85 is electrically connected to the stepping
motor 81.

Although an explanation has been made of the IN-
side section of the stock unit 1, an air cylinder 73, ball
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6
screw 78, etc., are similarly arranged even relative to
the carrier holding section 34 on the OUT-side port 28
and OUT-side station 24.
The conveying of the carriers by the carrier convey-
ing apparatus will be explained below.

Process 1

First, as shown in FIG. 9A, the stepping motor 81 is
operated in accordance with a control signal outputted
from the second control unit 85, rotating the ball screw
78 and moving a carrier lifting means 100 toward the
IN-side port 27. In this connection it is to be noted that
the carrier lifting means 100 comprises the carrier hold-
ing section 33 and air cylinder 73. In this case, if, the
moving carrier lifting means 100 cuts off an overrun
limit switch 101 situated in the end poritn near the IN-
side port 27, noting that the overrun limit switch 101 is
adapted to detect an overrun of the carrier lifting means
100 and to be turned ON and OFF in accordance with
a result of detection. By so doing, the carrier lifting
means 100 is stopped and warns an operator by an alarm
of this mistake.

When the reverse-rotating carrier lifting means 100
reaches a predetermined sits Ps in FIG. 9A below the
IN-side port 27, the carrier lifting means 100 is stopped.
Here, the overrun limit switch 101 is electrically con-
nected to the second control section 85.

Process 2

Then as shown in FIG. 9B, when the carrier presen-
ce/absence detecting sensors 45a, 455 (see FIG. 4) de-
tect that the carriers 51 are loaded from another manu-
facturing line toward the IN-side port 27, the first con-
trol section 83 as set out above operates the air cylinder
73. By so doing, the carrier holding member 33 is lifted
from a height level PI to a height level P2. As a result,
the carrier holding member 33 lift up the carriers 51
from be neath as described above.

Process 3

Then as shown in FIG. 9C, responsive to an output
signal from the second control section 85, the stepping
motor 81 is operated, allowing the carrier lifting means
100 which lifts up the carriers 51 to be moved from the
basic site Ps toward the IN-side station 23. The carrier
lifting means 100 is stopped to any one of sites of the six
carrier rests in the IN-side station 23, that is, a site Pa
between No. 1 carrier rest and No. 2 carrier rest, a site
Pb between No. 3 carrier rest and No. 4 carrier rest and
a site Pc between No. 5 carrier rest and No. 6 carrier
rest.

An overrun limit switch 103 is mounted on the end
near the IN-side station 23. When the carrier lifting
means 100 is run and the overrun limit switch 103 is
turned OFF, the carrier 100 is stopped and warns an
operator by an alarm as described in the process 1.

Process 4

Then as shown in FIG. 9D, the air cylinder 73 is
operated by the first control section 83, lowering the
carrier holding means 33 from the height Pl to the
height P2. By so doing, the carriers on the carrier hold-
ing means 33 are placed on the carrier rest 25 (No. 1 and
No. 2).

Process 5

Finally as shown in FIG. 9E, the carrier lifting means
100 is moved from site Pa to the IN-side port 27 and
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returned back to the site Ps, being ready for the next
carriers 51 to be loaded into the IN-side port 27.

The rise or fall of the carrier holding member 23, as
set up in process 1 to 5, is accomplished by the first
control section 83 and air compressor 84. That is, re-
sponsive to an output signal of the central processing
unit set out above, the 2-position double solenoid valve
93 is switched and air is supplied into the air cylinder 73
in accordance with an ordinary method. By so doing,
the air cylinder 73 is operated, raising and lowering the
carrier holding member 33. In this case, the height of
the carrier holding member 33 is identified by detecting
the position of the piston head of the piston section 735
of the air cylinder 73. The operation speed of the air
cylinder 73 is executed by adjusting the extent of re-
striction of the speed controllers 91 and 92 to perform
air exhaust control (meter-out).

Stopping the carrier lifting means 100 to any one of
sits Ps to Pc in the carrier conveying step as set out
above is done as follows: First, the site pulse numbers
corresponding to the sites Ps to Pc are initially memo-
rized in the second control section 85. The stepping
motor 91 is rotated, by the second control section 85, by
an amount corresponding to the number of pulses neces-
sary to move from a present site to a designated site,
rotating the ball screw 78 and moving the carrier lifting
means 100 to the designated site. When the site pulse
number are set to 5000 P (pulses) for the site Ps, 60000
P for the site Pa, 40000 P for the site Pb and 20000 P for
the site Pc. In this case, the carrier lifting means 100 is
moved from the site Ps to Pa, the stepping motor 81 is
rotated by an amount corresponding to
Pa— Ps=60000— 5000=55000 P. If, here, a fine pitch is
employed for the ball screw 78, it is possible to improve
the accuracy with which the means 100 moves to the
stop position.

In the case where the second control section 85 does
not identify the position of the carrier conveying means
100 when, for example, the power supply is turned ON,
the basic point detection sensor 102 located below the
IN side port 27 is employed to identify the position of
the carrier conveying means 100. That is, the carrier
conveying means 100 is horizontally moved in a prede-
termined direction when the power supply is turned
ON. The basic detection sensor 102 detects the carrier
conveying means 100 and steps it. The second control
section 85 identifies the stop position, that is, the basic
point, as a corresponding pulse number (for example,
4000 P) which is initially set in the second control sec-
tion 85. The process of the conveying of the carriers, as
described above, can be automatically performed ac-
cording to a program previously memorized.

Repeating the conveying of the carriers in this way,
the carriers 51 are conveyed on all the carrier rests 25 in
the IN-side 23,

The carriers 51 placed on the IN-side station 23 in this
way are gripped, as shown in FIG. 3, by the holding
mechanism 36 of the aforementioned carrier arm 37 and
allow transfer to be made relative to the IN-side station
23, OUT-side station 24, carrier conveying plate 35 and
shelf 21.

In this way, the carriers 51 are stored in the stock unit
1 and transferred to the carrier conveying plate 35 as
required. The conveying plate 35 is moved in the X-axis
direction in FIG. 3 and conveys the carriers 51 placed
thereon to the transfer mechanism 2. In this case, num-
ber of the carriers 51 which placed at same time is cor-
responding to number of wafers held onto the wafer
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boat at same time, example, four carriers. The wafers
held in the carriers 51 are transferred onto the wafer
boat. The wafers are loaded into the furnace 16 by a
boat transfer mechanism 13, boat conveying mechanism
14 and elevator 15 in FIG. 2. Then a predetermined
process gas is supply to the process tube from the gas
supply source 17 and the wafers are heat-treated.

The heat-treated wafers are taken by the elevator 15
out of the furnace 16. Then those wafers in the wafer
boat are conveyed to the transfer mechanism 2 by the
boat conveying mechanism 14 and boat transfer mecha-
nism 13. The wafers in the wafer boat are taken out by
the transfer mechanism 2 and held in the carrier 51. The
carriers 51 with the wafers held therein are placed on
the carrier conveying plate 35 and moved to a position
beneath the stock unit 1. Then the carrier arm 37 can
hold six wafers on the carrier conveying plate 35 at a
time and transfers them to the OUT-side station 24 or
the shelf 21.

Those carriers 51 to be delivered to another manufac-
turing line. First, the carriers 51 are transferred by the
carrier arm 27 from the OUT-side station 24. Then the
carriers 51 are conveyed, by the carrier holding mem-
ber 34, from the OUT-side station 24 to the OUT-side
port 28 as in the aforementioned Processes 1 to 5 and
delivered out of the OUT-side port 28 to another manu-
facturing line.

According to the carrier conveying apparatus of the
present invention, as set out above, the carrier holding
members 33 and 34 convey the carriers 51 in a manner
to be held from beneath the carriers 51 and, therefore,
there is no motion of, the carrier holding members 33
and 34 over the carriers 41. For this reason, dust is hard
to raise. Even if dust is raised, it occurs below the carri-
ers 51 and is less likely to be deposited on the wafers
held in the carrier §1. As a result, a yield in semiconduc-
tor elements (finished products) is improved.

In the carrier conveying apparatus of the present
invention, two carriers 51 can be conveyed at a time
with the use of the E-shaped carrier holding members
33 and 34. Further, the carrier holding members 33 and
34 can convey the carriers 51 simply by moving them in
the up/down direction and in the horizontal direction.
For this reason, it is possible to decrease the occupation
area of the carrier conveying apparatus.

Although, in the present embodiment, the carrier
holding member has been explained as holding two
carriers at a time, by way of example, it may be so
formed as to be able to hold four carriers at a time, for
cxample, as shown in FIG. 10 in which case the carrier
holding member comprises a main rod 111, a pair of
projection rods one at each end of the main rod 111 and
intermediate projection rods 114, 115 and 116 located at
a given interval between the projection rods 112 and
113. According to the carrier holding member 110, four
carriers, not shown, can be held at a time on a port 118
with four carrier rests 117 correspondingly placed at a
given interval relative to the four carriers. '

In an arrangement shown in FIG. 11, carriers 121
held by a E-shaped port 123 having the same configura-
tion as that of the carrier holding member 33 can be
lifted up, by a carrier member 120, from beneath the
carriers 121 and be placed on square-like carrier holding
plates 122, noting that, in this case, the carrier member
120 has the square-like carrier holding members 122
corresponding in configuration to the bottoms of the
carriers 121.
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Although, in the aforementioned embodiment, the
carrier conveying apparatus of the present invention
has been explained as applying to the stock unit of the
semiconductor heat treating system for use in the heat
treatment of semiconductor wafers in a batch, the car-
rier conveying apparatus of the present invention can-
not be restricted thereto. For example, the present in-
vention can also apply to the conveying of carriers in
which a plurality of plates can be held, for example, in
the step of manufacturing a semiconductor device,
LCD, and so on.

Additional advantages and modifications will readily
occur to those skilled in the art. Therefore, the inven-
tion in its broader aspects is not limited to the specific
details, and representative devices shown and described
herein. Accordingly, various modifications may be
made without departing from the spirit or scope of the
general inventive concept as defined by the appended
claims and their equivalents.

What is claimed is:

1. A carrier conveying apparatus, comprising:

a first carrier rest on which carriers are placed, said

first carrier rest being square in configuration;

a second carrier rest;

a carrier holding member for holding carriers from
beneath the carrier, said carrier holding member
having a plurality of projection rods projected
from a main rod with a spacing defined between
the adjacent projection rods to allow the carrier
rest to pass through the spacing; and

carrier holding member driving means for lifting the
carrier holding member from beneath the first car-
rier rest and, by doing so, lifting the carriers which
are placed on the first carrier rest with the carriers
held by the carrier holding member, moving the
carrier holding member in a horizontal direction
and placing the carriers on the second carrier rest
after the carrier holding member has been lowered
toward the second carrier rest.

2. The carrier conveying apparatus according to
claim 1, comprising at least two carrier-holding mem-
bers.

3. The carrier conveying apparatus according to
claim 1 wherein the carrier holding member has three
projection rods.

4. The carrier conveying apparatus according to
claim 1, wherein the carrier holding member has five
projection rods.

5. The carrier conveying apparatus according to
claim 1, wherein the carrier rest includes a sensor for
detecting whether or not the carriers are placed on the
carrier rest.

6. The carrier conveying apparatus according to
claim 1, wherein the carrier rest includes a sensor for
detecting the direction in which the carrier is placed on
the carrier rest.

7. The carrier conveying apparatus according to
claim 1, wherein the carrier holding member driving

means comprises liftably moving means for liftably

moving the carrier holding member; horizontally mov-
ing means for horizontally moving the carrier holding
member; and a control section for controlling the lifta-
bly moving means and horizontally moving means.

8. The carrier conveying apparatus according to
claim 7, wherein the liftably moving means comprises
an air cylinder and an air supply source for supplying
air to the air cylinder.

20

25

30

45

50

55

65

10

9. The carrier conveying apparatus according to
claim 7, wherein the horizontally moving means com-
prises a ball screw and rotationally driving section for
rotationally driving the ball screw.

10. The carrier conveying apparatus according to
claim 9, wherein the rotationally driving section is com-
prised of a stepping motor.

11. The carrier conveying apparatus according to
claim 1, wherein the carrier is a wafer carrier.

12. The carrier conveying apparatus according to
claim 1, wherein the projection rod has a polygonal
cross sectional shape.

13. The carrier conveying apparatus according to
claim 1, wherein the projection rod has a circular cross
sectional shape.

14. The carrier conveying apparatus according to
claim 1, wherein at least one of the carrier rest and the
carrier holding member includes means for determining
the position of the carrier.

15. A carrier conveying apparatus, comprising:

a first carrier rest having a plurality of projection
rods projected from a main rod, carriers being
placed on adjacent projection rods;

a second carrier rest;

a carrier holding member for holding carriers from
beneath the carrier, said carrier holding member
being square in configuration and capable of pass-
ing through a spacing defined between the adjacent
projection rods; and

carrier holding member driving means for lifting the
carrier holding member from beneath the first car-
rier rest and, by doing so, lifting the carriers which
are placed on the first carrier rest with the carriers
held by the carrier holding member, moving the
carrier holding member in a horizontal direction
and placing the carriers on the second carrier rest
after the carrier holding member has been lowered
toward the second carrier rest.

16. The carrier conveying apparatus according to
claim 18, wherein the apparatus includes at least two
carrier holding members.

17. The carrier conveying apparatus according to
claim 15, wherein the carrier rest has three projection
rods.

18. The carrier conveying apparatus according to
claim 15, wherein the carrier rest has five projection
rods.

19. The carrier conveying apparatus according to
claim 15, wherein the projection rod has a polygonal
cross section shape.

20. The carrier conveying apparatus according to
claim 15, wherein the projection rod has a circular cross
sectional shape.

21. The carrier conveying apparatus according to
claim 15, wherein at least one of the carrier rest and the
carrier holding member includes means for determining
the position of the carrier.

22. The carrier conveying apparatus according to
claim 15, wherein the carrier rest includes a sensor for
detecting whether or not the carriers are placed on the
carrier rest.

23. The carrier conveying apparatus according to
claim 18, wherein the carrier rest includes a sensor for
detecting the direction in which the carrier is placed on
the carrier rest.

24. The carrier conveying apparatus according to
claim 15, wherein the carrier holding member driving
means comprises liftably moving means for liftably
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moving the carrier holding member; horizontally mov-
ing means for horizontally moving the carrier holding
member; and a control section for controlling the lifta-
bly moving means and horizontally moving means.

25. The carrier conveying apparatus according to
claim 24, wherein the liftably moving means comprises
an air cylinder and an air supply source for supplying
air to the air cylinder.

26. The carrier conveying apparatus according to
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claim 24, wherein the horizontally moving means com-
prises a ball screw and rotationally driving section for
rotationally driving the ball screw.

27. The carrier conveying apparatus according to
claim 26, wherein the rotationally driving section is

comprised of a stepping motor.
* * * * *
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