10

15

20

25

IC TRANSPORTING APPARATUS, IC POSTURE ALTERING
APPARATUS AND IC TAKE-OUT APPARATUS

ZECHNICAL FIELD

The present invention generally relates to a
semiconductor device transporting and handling apparatus
(commonly called IC handler) adapted to be used, in an IC
testing apparatus (commonly called IC tester) for testing
semiconductor devices, particularly, ICs (semiconductor
integrated circuits) which are typical of the semiconductor
devices, for transporting ICs for testing and sorting out and
handling the tested ICs. More particularly, the present
invention relates to an IC transporting apparatus, and to an
IC posture altering or changing apparatus for altering the
posture or position of an IC to an another posture or
position (usually horizontal posture) used in transporting
ICs to be tested (commonly called DUT) to a test or testing
section in the IC tester, and also relates to an IC take-out

apparatus used in taking out ICs from a magazine.

BACKGROUND ART

In the early stage of ICs practically used, most ICs were
what is called dual-in-line package (DIP) type wherein
terminals of an IC housed in the package project from the
longer opposite sides of the package which is of rectangular
shape in plan and are bent downwardly substantially at right

angle such that the whole configuration in section of the IC
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is of substantially angular "U" letter shape. For this
reason, as an IC container for accommodating such ICs was
used a square-shaped pipe-like IC container which is of
substantially rectangular shape in section called a "rod-like
magazine". Therefore, the IC transporting apparatus for
transporting ICs to be tested to the testing section is so
constructed that it can support the rod-like magazine in an
inclined state from its horizontal state. 1In such IC
transporting apparatus, the rod-like magazine is held on the
inclined state on transporting ICs accommodated in the
magazine so that the ICs are successively slid down by their
own weights. That is, a procedure for transporting ICs
utilizing the natural dropping force of each IC by its own
weight has béen taken.

However, because of the increased number of terminals due
to the improved integration degree of an IC and of various
kinds of terminal structures, it has been difficult to
Smoothly transport by utilizing the natural dropping
procedure. For this reason, in recent trend, most IC
handlers tend to adopt a horizontal transporting system. The
IC handler of horizontal transporting system is such that ICs
are received in a platter-like tray from which each IC is
attracted by a pick-up head by the action of vacuum suction,
and then the pick-up head is moved in X-Y direction by
horizontal transporting means to transport each IC to a
testing section of an IC tester provided within the IC

handler.
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By adopting the horizontal tfansporting system, an IC
package of any shape could be easily transported regardless
of the terminal structure of the IC package if the IC package
is formed in flat shape so that it can be easily attracted by
a pick-up means using the action of vacuum suction, even if
the IC package has a structure that terminals are led out
from the four sides thereof such as QFP. That is, a highly
generalized IC handler can be constructed.

In case an IC handler of horizontal transporting system
is practically operated, all ICs are handled in the state
that they are received in a tray. That is, even in the
outside of the apparatus, ICs are circulated and stored in
thé state that received in a tray for user (customer tray).
Since the upper surface of the tray is open, ICs are easy to
drop from the tray, and thus the handling of the tray is
cumbersome.

On the other hand, since a rod-like magazine is a square-
shapedltube, dropping of ICs can easily be prevented by
¢losing both ends of the magazine. Therefore, a rod-like
magazine is easier to handle in the stage of circulation.
Accordingly, it is proper and safe to handle ICs in the state
received in a magazine as much as possible in case the ICs
have shapes that can be accommodated in the magazine.

In view of such background, as proposed in Japanese
Patent Application No. 171911/1994 (Hei 6~171911), an IC
handler of horizontal transporting system is recently

beginning to be practically used, which can transport and
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handle, for testing, both of ICs received in a magazine and
in a tray. In the IC handler of horizontal transporting
system, since horizontal transporting means must be used
within the IC handler, in order to construct the IC handler
which is capable of transporting and testing both of ICs
received in a magazine and in a tray, transfer or
transshipment means must be provided in the IC handler for
transshipping the ICs received in the magazine to a tray.

It is a general practice for taking out ICs from a |
magazine to incline the magazine so that the ICs received
therein can run out of the magazine. Then the ICs taken out
from the magazine are transferred to a tray. Therefore, it
is necessary to tramsfer the ICs in an inclined position or
posture to the tray in horizontal position or posture, and
this alteration of posture of the ICs produces a great
problem.

Fig. 15 shows an construction of a magazine-tray transfer
section for transferring ICs from a magazine to a tray, i.e.,
a position or posture of IC altering section used in a
previously proposed IC handler of horizontal transporting
system which can be used in common for both magazine and
tray.

In case of testing ICs received in the tray, a user tray

21 loaded with ICs to be tested is conveyed from a tray

‘supply section 20 to a tray changing section 30 where the ICs

are transferred from the user tray 21 to a test tray 31.

This transfer or transshipment of the ICs are performed by
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horizontal tramsporting means 40. That is, the horizontal
transporting means 40 has a pick-up head 41 attracting an IC
by the action of vacuum suction (hereinafter referred to as
syacuum suction head") and transfers the ICs from the user
tray 21 onto the test tray 31 by moving the vacuum suction
head 41 up and down by means of an air cylinder 42 as well as
moving the vacuum suction head 41 to an arbitrary position in
horizontal plane by means of X-Y drive means (not shown).
Here, the reason why the ICs are transferred from the
user tray 21 to the test tray 31 will be briefly explained.
The user tray 21 is one which is used for accommodating ICs
therein and for circulating the ICs loaded therein within a
factory or plant or a market. For this end, the user tray 21
is made of a plastic material or the like, and the shape of
each of recessed portions for receiving the ICs is formed
larger in size than that of an IC to be received so that the
ICs can be easily taken in and out of the recessed portions.
On the other hand, since ICs to be tested are applied a
thermal stress of high temperature or low temperature on the
path to the testing section 10 of the IC tester, the test
tray 31 is made of a material that can be proof against the
thermal stress. In general, the test tray 31 is constructed
such that 16 to 64 IC carriers each of which has a recessed
portion for receiving an IC are mounted on a metal frame.
Each of the IC carriers is made of a thermal-resistant resin
material, and has a mechanism added thereto for accurately

positioning, holding and locking an IC to be tested once the
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IC is inserted into the IC carrier, and a function added
thereto for exposing the terminals of the locked IC to the
back side of the IC carrier and contacting the exposed
terminals with the contacts for testing connected to the IC
tester in the testing section 10, and the like.

As mentioned above, since the test tray 31 must have
various functions, the ICs to be tested are transferred from
the user tray 21 to the test tray 31. Further, the reference
numeral 22 denotes tray transporting means for taking out a
user tray 21 from the tray supply section 20 and for
transporting the user tray 21 to the tray changing section
30.

The reference numeral 50 denotes a magazine supply
section. A plurality of rod-like magazines 51 are stored in
the magazine supply section 50 stacked one on another. The
uppermost magazine 51 of the stacked magazines stored in the
magazine supply section 50 is taken out and is placed on
elevator means 52. The elevator means 52 which is rotatably
supported functions to lift up one end of the magazine 51
placed on the elevator means 52 (right hand side in the
example shown in Fig. 15) by the rotating operation thereof
and to hold the magazine 51 in the inclined posture. At the
lower end portion of the elevator means 52 in the inclined
state thereof shown is provided a movable stopper 52A which
is used to prevent the ICs to be run out from the magazine 51
until the magazine 51 is rotated and stopped at the

predetermined inclined position. When the magazine 51 is set
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buffer rail 53 provided at an appropriate downstream position
of the magazine 51, the movable stopper 52A is released
(pulled down) so that the ICs are run out on the buffer rail
53 from the magazine 51.

An another movable stopper 53A is provided at the lower
end portion of the buffer rail 53 in the inclined state.
This movable stopper 53A operates to hold the IC positioned
at the lowermost of the buffer rail 53. An escape rail 54
movable in the direction (lateral direction) orthogonal to
the direction of movement of IC is provided at the downstream
side of the buffer rail 53. On the escape rail 54 are
provided, for example, four grooves substantially in parallel
and juxtaposed with one another for receiving ICs. Each time
an IC is received in one of the grooves, the escape rail 54
moves in the lateral direction so that total four ICs are
received in the four grooves. The length of each groove for
receiving an IC is the same as that of an IC package
accommodating that IC. One IC is received in one of the
grooves on the escape rail 54 by running the IC into the
escape rail 54 from the buffer rail 53. 1In this state, since
the IC positioned at the lowermost of the buffer rail 53 is
stopped and held in that position by the movable stopper 53A
provided on the buffer rail 53, the escape rail 54 can be
moved in the lateral direction. By the movement of the
escape rail 54 in the lateral direction, the IC received in

the escape rail 54 and the IC on the buffer rail can surely
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be separated even if those packages are connected with each
other by flashes or fins formed on both the packages. When
all of the grooves of the escape rail 54 have received ICs
therein, respectively, the escape rail 54 further moves
laterally and transfers the ICs to a posture altering
apparatus 60.

The posture altering apparatus 60 can be constituted by
an arm 61 whose upper end is pivotally supported such that
the arm 61 can rotate in a vertical plane as a rotating
plane, drive means 63 supported at the lower end of the arm
61, a vacuum suction head 62 supported at the bottom surface
of the drive means 63 such that the vacuum suction head 62 is
movable linearly and reciprocatingly, and means such as a
rotary air cylinder for rotating the arm 61 reciprocatingly
over the range of an rotating angle of 6. The drive means 63
may be, for example, an air cylinder and linearly drives the
vacuum suction head 62 so that it moves reciprocatingly along
the axis of the arm 61.

The rotating angle 6 is selected to be equal to an angle
ranging from an angular position where the distal end surface
of the vacuum suction head 62 comes to be parallel with the
upper surface of the IC package supported on the escape rail
54 to an angular position where the distal end surface of the
vacuum suction head 62 comes to be parallel with the upper
surface of the carrying platform 65 which is on standby in a
horizontal plane. The vacuum suction head 62 attracts an IC

at the angular position where the wvacuum suction head 62
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faces with the IC supported on the escape rail 54 and then
the arm 61 is revolved together with the IC attracted by the
suction head 62 by the angle 6 by the rotary air cylinder 64.
By this rotating movement the posture or position of the IC
is altered to horizontal posture or position. In the state
of the horizontal posture, the wvacuum suction head 62 is
moved downwardly by the driving operation of the drive means
63 to transfer the IC to the carrying platform 65.

In the upper surface of the carrying platform 65 is
formed a positioning recessed portion which is surrounded on
four sides by upwardly and outwardly inclined walls. By

dropping an IC down into the positioning recessed portion,

-the position of IC for a horizontal transporting means 70

located at next position in the course of movement of IC is
defined. That is, upon receiving an IC from the posture
altering apparatus 60, the carrying platform 65 moves in the
direction of an arrow X and stops at the position A that is
the starting point of transportation in the horizontal
transporting means 70. A vacuum suction head 71 is on
standby above the starting point A of transportation. This
vacuum suction head 71 attracts the IC and transports the IC
to the tray changing section 30 where the IC is dropped down
into a test tray 31. Therefore, it is very useful for
improvement of the operation efficiency or workability to
define the IC position by the positioning recessed portion of
the carrying platform 65.

Further, the escape rail 54 located at the downstream
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side of the buffer rail 53 has, for example, four to eight IC
receiving grooves formed therein in the lateral direction of
the escape rail (moving direction of the escape rail) in
juxtaposition with.one another. ICs are dropped one by one
to each of these 4 to 8 grooves from the buffer rail 53,
That is, each time an IC is dropped down into one groove, the
escape rail 54 is moved laterally by one groove like pitch by
pitch feeding manner. When all of the IC receiving grooves
are filled'with ICs, the escape rail 54 is further moved
laterally and the posture altering apparatus 60 is activated.
Therefore, 4 to 8 vacuum suction heads are also mounted to
the posture altering apparatus 60 and hence the postures of 4
to 8 ICs are altered at a time. In addition, the horizontal
transporting means 70 also has 4 to 8 vacuum suction heads 71
and is arranged to be able to transfer 4 to 8 ICs at a time
to the test tray 31. The number of ICs is, however, not
limited to 4 to 8.

As described above, in the previously proposed IC handler
of tray/magazine combination type, the carrying platform 65
and the horizontal transporting means 70 are provided as
means for transporting ICs to be tested supplied from the
magazine 51 through the buffer rail 53 and the escape rail 54
to the test tray 31, and hence there is a shortcoming that
the components of the apparatus are increased, and the cost
thereof is high. 1In addition, since the carrying path of the
ICs supplied from the magazine 51 is long, the time required

for transporting the ICs is long. As a result, there is a
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disadvantage that the time duration of testing the ICs

received in the magazine is long.

DISCLOSURE OF THE INVENTION

It is an object of the present invention to provide a
semiconductor device tfansporting apparatus which can reduce
the time period requifed for testing semiconductor devices to
be tested supplied from a rod-like magazine accommodating the
semiconductor devices therein and to provide a semiconductor
device posture altering apparatus which can cooperate with
this semiconductor device transporting apparatus.

Another object of the present invention is to provide a
semiconductor device posture altering apparatus which can
alter the posture of a semiconductor device from an inclined
posture to horizontal posture at a relatively high speed.

It is still another object of the present invention to
provide a semiconductor device take-out apparatus which can
efficiently take out semiconductor devices from a rod-like
magazine accommodating semiconductor devices therein in the
state that the magazine is maintained in the horizontal
posture.

In accordance with a first aspect of the present
invention, there is provided a semiconductor device
transporting apparatus which comprises: movable supporting
means for supporting thereon a rod-like magazine for
accommodating semiconductor devices therein and capable of

holding the rod-like magazine in an inclined posture by which
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the semiconductor devices can slide down by their own weights
by the movement of said supporting means; means for
discharging the semiconductor devices accommodated in said
magazine therefrom by a natural sliding force of the
semiconductor devices by their own weights; posture altering
apparatus for altering the posture of each of the discharged
semiconductor devices in the inclined state to horizontal
posture; device suction means for attracting a semiconductor
device in the horizontal posture; and horizontal transporting
means for transporting the semiconductor device attracted by
said device suction means with the horizontal posture held
onto a test tray and for dropping the attracted semiconductor
device down into an recess for receiving a semiconductor
device provided on said test tray.

In the semiconductor device transporting apparatus
according to the present invention, the semiconductor device
posture altering means is provided at the lower end portion
of the rod-like semiconductor device receiving magazine

supported in an inclined posture so that a semiconductor

| device to be tested can be directly transferred from the

semiconductor device posture altering apparatus to the test
tray. According to this construction, the length of the
semiconductor device transporting path can be reduced. 2as a
result, the time period required for testing ICs received in
the magazine can be reduced. 1In addition, since the
configuration or construction of the apparatus is made

simple, the cost thereof can be reduced.
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In accordance with a first preferred embodiment of the
present invention, there is provided a semiconductor device
posture altering apparatus which comprises: movable
supporting means for supporting thereon a rod-like magazine
for accommodating semiconductor devices therein and capable
of holding the rod-like magazine in an inclined posture by
which the semiconductor devices can slide down by their own
weights by the movement of said supporting means; means for
discharging the semiconductor devices accommodated in said
magazine therefrom by a natural sliding force of the
semiconductor devices by their own weights; and posture
altering apparatus for altering the posture of each of the
discharged semiconductor devices in the inclined state to
horizontal posture, and said posture altering apparatus
comprises: an escape rail located at the downstream side of
said magazine for separating one by one a series of
semiconductor devices discharged from said magazine; a
posture altering rail to which at least one semiconductor
device separated one by one by said escape rail is fed from
said escape rail and having at least one groove whose slope
gradually changes to horizontal thereby altering the posture
of the semiconductor device in the inclined state fed from
said escape rail to horizontal posture; device suction means
for attracting a semiconductor device in the horizontal
posture; and means for transporting the semiconductor device
attracted by said device suction means with the horizontal

posture held onto a test tray.
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In accordance with a second preferred embodiment of the
present invention, there is provided a semiconductor device
posture altering apparatus which comprises: movable
supporting means for supporting thereon a rod-like magazine
for accommodating semiconductor devices therein and capable
of holding the rod-like magazine in an inclined posture by
which the semiconductor devices can slide down by their own
weights by the movement of said supporting means; means for
discharging the semiconductor devices accommodated in said
magazine therefrom by a natural sliding force of the
semiconductor devices by their own weights; and posture
altering apparatus for altering the posture of each of the
discharged semiconductor devices in the inclined state to
horizontal posture, and said posture altering apparatus
comprises: an escape rail located at the downstream side of
said magazine for separating one by one a series of
semiconductor devices discharged from said magazine; a
movable posture altering rail having its lower end portion
pivotally mounted and normally being in an inclined state, at
least one semiconductor device separated one by one by said
escape rail being fed to said movable posture altering rail
from said escape rail; means for rotating said movable
posture altering rail in the inclined state to horizontal
posture thereby altering the posture of the semiconductor
devices in the inclined state to horizontal posture each time
a predetermined number of semiconductor devices are fed to

said movable posture altering rail from said escape rail;
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device suction means for attracting a semiconductor device in
the horizontal posture on said movable posture altering rail;
and means for transporting the semiconductor device attracted
by said device suction means with the horizontal posture held
onto a test tray.

In accordance with a third preferred embodiment of the
present invention, there is provided a semiconductor device
posture altering apparatus which comprises: movable
supporting means for supporting thereon a rod-like magazine

for accommodating semiconductor devices therein and capable

~of holding the rod-like magazine in an inclined posture by

which the semiconductor devices can slide down by their own
weights by the movement of said supporting means; means for
discharging the semiconductor devices accommodated in said
magazine therefrom by a natural sliding force of the

semiconductor devices by their own weights; and posture

-altering apparatus for altering the posture of each of the

discharged semiconductor devices in the inclined state to
horizontal posture, and said posture altering apparatus
comprises: an escape rail located at the downstream side of
said magazine for separating one by one a series of
semiconductor devices discharged from said magazine; a
movable posture altering rail having its lower end portion
pivotally mounted and normally being in an inclined state, at
least one semiconductor device separated one by one by said
escape rail being fed to said movable posture altering rail

from said escape rail; means for rotating said movable
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posture altering rail in the inclined state to horizontal
posture thereby altering the posture of the semiconductor
devices in the inclined state to horizontal posture each time
a predetermined number of semiconductor devices are fed to
said movable posture altering rail from said escape rail;
means for moving said movable posture altering rail in the
horizontal direction éway from said escape rail; device
suction means for attrgcting a semiconductor device in the
horizontal posture on said movable posture altering rail; and
means for transporting the semiconductor device attracted by
said device suction means with the horizontal posture held
onto a test tray.

In accordance with a fourth preferred embodiment of the
present invention, there is provided a semiconductor device
posture altering apparatus which comprises: movable
supportiﬁg means for supporting thereon a rod-like magazine
for accommodating semiconductor devices therein and capable
of holding the rod-like magazine in an inclined posture by
which the semiconductor devices can slide down by their own
weights by the movement of said supporting means; means for
discharging the semiconductor devices accommodated in said
magazine therefrom by a natural sliding force of the
semiconductor devices by their own weights; and posture
altering apparatus for altering the posture of each of the
dischargéd semiconductor devices in the inclined state to
horizontal posture, and said posture altering apparatus

comprises: an escape rail located at the downstream side of
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said magazine for separating one by one a series of
semiconductor devices discharged from said magazine; a
movable posture altering rail having its upper end portion
pivotally mounted and normally being in an inclined state, at
least one semiconductor device separated one by one by said
escape rail being fed to said movable posture altering rail
from said escape rail{ means for rotating said movable
posture altering rail in the inclined state to horizontal
posture thereby altering the posture of the semiconductor
devices in the inclined state to horizontal posture each time

a predetermined number of semiconductor devices are fed to

- said movable posture altering rail from said escape rail;

device suction means for attracting a semiconductor device in
the horizontal posture on said movable posture altering rail;
and means for transporting the semiconductor device attracted
by said device suction means with the horizontal posture held
onto a test tray.

In accordance with a fifth preferred embodiment of the
present invention, there is provided a semiconductor device
posture altering apparatus which comprises: movable
supporting means for supporting thereon a rod-like magazine
for accommodating semiconductor devices therein and capable
of holding the rod-like magazine in an inclined posture by
which the semiconductor devices can slide down by their own
weights by the movement of said supporting means; means for
discharging the semiconductor devices accommodated in said

magazine therefrom by a natural sliding force of the
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semiconductor devices by their own weights; and posture
altering apparatus for altering the posture of each of the
discharged semiconductor devices in the inclined state to
horizontal posture, and said posture altering apparatus
comprises: an escape rail located at the downstream side of
said magazine for separating one by one a series of
semiconductor devices discharged from said magazine;
positioning means in an inclined posture for receiving one by
one the semiconductor devices separated by said escape rail
and accurately positioning the position of receiving the
semiconductor device; device suction means rotatably
supported in a vertical plane for attracting the
semiconductor device in the inclined posture supported on
said positioning means; means for rotating said device
suction means so as to alter the posture thereof to a posture
perpendicular to horizontal plane thereby altering the
posture of the semiconductor device attracted by said device
suction means to horizontal posture; and means for
transporting the semiconductor device attracted by said
device suction means with the horizontal posture held onto a
test tray. .

In accordance with a sixth preferred embodiment of the
pPresent invention, there is provided a semiconductor device
posture altering apparatus which comprises: movable
supporting means for supporting‘thereon a rod-like magazine
for accommodating semiconductor devices therein and capable

of holding the rod-like magazine in an inclined posture by
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which the semicbnductor devices can slide down by their own
weights by the movement of said supporting means; means for
discharging the semiconductor devices accommodated in said
magazine therefrom by a natural sliding force of the

5 semiconductor devices by their own weights; and posture
altering apparatus for altering the posture of each of the
discharged semiconductor devices in the inclined state to
horizontal posture, and said posture altering apparatus
comprises: a buffer rail in an inclined posture located at

10 the downstream side of said magazine; a movable stopper
provided at the lower end portion of said buffer rail for
functioning to keep the semiconductor device positioned at
said lower end portion to be discharged from said buffer rail
as well as to enable the semiconductor device to be

15 discharged from said buffer rail if necessary; a posture
altering rotator located at the downstream side of said
buffer rail and rotatable about its axis of rotation, said
posture altering rotator having at least one pair of rotary
arms diametrically opposed to each other, said pair of rotary

20 arms having the same angle of inclination given so that when
one of said rotary arms is aligned with said buffer rail in
the inclined state, the other rotary arm is in the horizontal
plane, a semiconductor device in the inclined posture
discharged from said buffer rail being received in the one

25 rotary arm coupled to thé downstream side of said buffer rail
in alignment therewith; means for rotating said posture

altering rotator such that the posture of the semiconductor
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device in the inclined state supported on the one rotary arm
is altered to horizontal posture by revolution of that rotary
arm by 180°; device suction means for attracting a
semiconductor device in the horizontal posture on one rotary
arm; and means for tfansporting the semiconductor device
attracted by said device suction means with the horizontal
posture held onto a test tray.

In accordance with a seventh preferred embodiment of the
present invention, there is provided a semiconductor device
posture altering apparatus which comprises: movable
supporting means for supporting thereon a rod-like magazine
for accommodating semiconductor devices therein and capable
of holding the rod-like magazine in an inclined posture by
which the semiconductor devices can slide down by their own
weights by the movement of said supporting means; means for
discharging the semiconductor devices accommodated in said
magazine therefrom by a natural sliding force of the
semiconductor devices by their own weights; and posture
altering apparatus for altering the posture of each of the
discharged semiconductor devices in the inclined state to
horizontal posture, and said posture altering apparatus
comprises: a buffer rail in an inclined posture located at
the downstream side of said magazine, and for holding a
plurality of semiconductor devices discharged from said
magazine; a movable stopper provided at the lower end portion
of said buffer rail for functioning to keep the semiconductor

device positioned at the lowest end of said buffer rail among
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the semiconductor devices held on said buffer rail to be
discharged from said buffer rail as well as to enable the
semiconductor devices to be discharged from said buffer rail
if necessary; a posture altering rotator located at the
downstream side of said buffer rail and rotatable about its
axis of rotation positioned on a bisector dividing into two
equal parts an angle that the axis of said magazine and said
buffer rail makes with the horizontal plane, said posture
altering rotator having a pair of rotary arms diametrically
opposed to each other, said pair of rotary arms having the
same angle of inclination given so that when one of said
rotary arms is aligned with said buffer rail in the inclined

state, the other rotary arm is placed in a posture parallel

. to the horizontal plane; device suction means provided on

each of said rotary arms for attracting, when a semiconductor
device in the inclined posture discharged from said buffer
rail is received in one rotary arm coupled to the lower end
portion of said buffer rail in alignment therewith, the inner
side of this semiconductor device; means for rotating said
posture altering rotator such that the posture of the
semiconductor device in the inclined state attracted by the
device suction means is altered to horizontal posture by
revolution of that rotary arm by 180°; and positioning means
provided underneath the semiconductor device in the
horizontal posture for receiving the semiconductor device
released from said device suction means with the horizontal

posture held and defining the position of receiving the
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semiconductor device.

In accordance with a eighth preferred embodiment of the
present invention, there is provided a semiconductor device
posture altering apparatus which comprises: movable
supporting means for supporting thereon a rod-like magazine
for accommodating semiconductor devices therein and capable
of holding the rod-like magazine in an inclined posture by
which the semiconductor devices can slide down by their own
weights by the movement of said supporting means; means for
discharging the semiconductor devices accommodated in said
magazine therefrom by a natural sliding force of the
semiconductor deviceé by their own weights; and posture
altering apparatus for altering the posture of each of the
discharged semiconductor devices in the inclined state to
horizontal posture, and said posture altering apparatus
comprising: an escape rail in an inclined posture located at
the downstream side of said magazine for separating one by
one a series of semiconductor devices discharged from said
magazine; a movable stopper provided at said escape rail for'
functioning to keep a semiconductor device separated by said
escape rail to be discharged from said escape rail;
positioning means provided at a position in the downstream of
said escape rail and disposed in the horizontal posture, said
escape rail and said positioning means being arranged to have
such relation of position that the forward end of the
semiconductor device discharged from said escape rail by

releasing said movable stopper abuts against the end wall of
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a positioning recess formed in said positioning means whereby
the semiconductor device remains in an inclined posture;
drive means for moving said escape rail and said positioning
means in the direction away from each other; and means for
operating said drive means to drop the semiconductor device
in the inclined posture down into said positioning recess
thereby altering the posture of the semiconductor device in
the inclined state to horizontal posture.

In accordance with a second aspect of the present
invention, there is provided a semiconductor device take-out
apparatus which comprises: drive means for feeding
semiconductor devices from a rod-like magazine for
accommodating semiconductor devices supported in the
horizontal posture; a buffer rail for receiving a plurality
of semiconductor devices pushed out by said drive means; a
movable stopper provided at the vicinity of the exit port of
said buffer rail; and positioning means for receiving one by
one the semiconductor devices pushed out from said buffer
rail and holding the semiconductor devices in horizontal

posture with the semiconductor devices positioned.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a side view showing in outline the construction
of a first embodiment of the posture altering section
according to the present invention applied to a magazine/tray
combination type IC handler;

Fig. 2 is a perspective view showing in detail the
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relationship of disposition of the magazine, the buffer rail,
the escape rail and the posture altering rail illustrated in
Fig. 1;

Fig. 3 is a side view showing in outline the construction
of a second embodiment of the posture altering section
according to the present invention;

Fig. 4 is a perspéctive view showing in detail the
relationship of disposition of the magazine, the buffer rail,
the escape rail and the movable rail for posture alteration
illustrated in Fig. 3;

Fig. 5 is a side view showing in outline the construction
of a third embodiment of the posture altering section
according to the present invention;

Fig. 6 is a side view showing in outline the construction
of a fourth embodiment of the posture altering section
accoiding to the present invention;

Fig. 7 1is a side view showing in outline the
construction of a fifth embodiment of the posture altering
section according to the present invention;

Fig. 8 is a side view showing in outline the construction
of a sixth embodiment of the posture altering section
according to the present invention;

Fig. 9 is a plan view of Fig. 8 a portion of which is cut
off;

Fig. 10 is a side view showing in outline the
construction of a seventh embodiment of the posture altering

section according to the present invention;



10

15

20

25

-25-

Fig. 11 is a right side view of Fig. 10 a portion of
which is cut off;

Fig. 12 is a side view showing in outline the
construction of a eighth embodiment of the posture altering
section according to the present invention;

Fig. 13 is a plan view of Fig. 12 a portion of which is
cut off; '

Fig. 14 is a side view showing in outline the
construction of an embodiment of the IC take-out apparatus
according to the present invention; and

Fig. 15 is a side view showing in outline the
construction of a prior magazine/tray combination type IC

handler.

IHE BEST MODE FOR CARRYING OUT ITHE INVENTION

Now the embodiments of the present invention will be
described in detail with reference to the accompanying
drawings.

Fig. 1 shows the construction of a first embodiment of
the posture altering section according to the present
invention applied to a magazine/tray combination type IC
handler of horizontal transporting system. 1In Fig. 1, the
construction that a user tray 21 is conveyed from a tray
supply section 20 to a tray changing section 30 by tray
transporting means 22 and ICs to be tested received in the
user tray 21 are transferred or transshipped from the user

tray 21 to a test tray 31 is the same as that of the prior
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art apparatus previously described referring to Fig. 15, and
hence the explanation thereof will be omitted.

In the present invention, a posture altering apparatus
160 is provided in the vicinity of the tray changing section
30. The posture of an IC to be tested in an inclined state
is directly altered to horizontal posture by the posture
altering apparatus 160, and then the IC is transshipped to
the test tray 31 by horizontal transporting means; The
present invention is particularly characterized by the above
point and the construction of the posture altering apparatus
160.

The embodiment shown in Fig. 1 is the case where the
posture altering apparatus 160 is constituted by a posture
altering rail 161. This posture altering rail 161 is of a
configuration which is gradually reduced in the angle of
inclination in the middle portion thereof.such that the
posture altering rail 161 has the same slope as that of the
magazine 51 and hence that of an escape rail 54 constituting
an escape mechanism at the side (upstream side) of the
posture altering rail abutting on the escape rail 54 and
assumes the horizontal posture at the opposite side
(downstream side) thereof abutting on the.test tray 31.

Fig. 2 shows in detail the relationship between the
escape rail 54, the magazine 51, a buffer rail 53 and the
posture altering rail 161. Fig. 2 shows an example where
four IC receiving grooves 54B are provided in the escape rail

54 in juxtaposition with one another. A movable stopper 54A



10

15

20

25

-27-

is provided at the lower end portion of each of the IC
receiving grooves. An IC to be tested transferred from the
buffer rail 53 is held in each groove 54B of the escape rail
54 by the movable stopper 54A. In synchronism with that an
IC is fed into one of the IC receiving grooves, the escape
rail 54 is moved toward the direction of arrow X by, for
example, a pulse motor PM by one pitch of the IC receiving
groove 54B whereby ICs are received one by one in each of the
IC receiving grooves 54B. When ICs are received in all of
the IC receiving grooves 54B, the escape rail 54 is further
moved toward the direction of arrow X and abuts on the upper
end of the posture altering rail 161 which constitutes the
posture altering apparatus 160. In the state that the escape
rail 54 abuts on the upper end of the posture altering rail
161, the movable stoppers 54A are pulled down so as to be
withdrawn from the IC receiving grooves so that the ICs to be
tested held on the escape rail 54 run out into the upper end
of the posture altering rail 161 by their own weights. The
ICs run into the posture altering rail are changed in their
postures gradually from the inclined postures to the
horizontal postures following the slope of the posture
altering rail 161 during the ICs are sliding on the posture
altering rail 161 by their own weights.

The lower end of the posture altering rail 161 is closed,
and thus the forward ends of the packages of the ICs sliding
by their own weights abut against this closed end.

Therefore, the position of each IC the posture of which has
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been altered can accurately be defined by this closed end.

As mentioned above, since the position of the IC is
defined and registered at the lower end of the posture
altering rail 161, it is possible to use, as the horizontal
transporting means for transporting ICs from the lower end of
the posture altering rail 161 onto the test tray 31 (see Fig.
1), the horizontal trahsporting means 40 for transporting ICs
from the user tray 21 onto the test tray 31 at the tray
changing section 30 as shown in Fig. 1. That is, since the
posture altering apparatus 160 is positioned in the vicinity
of the test tray 31 having stopped at the tray changing
section 30, the horizontal transporting means 40 can be used
in common as the transporting means for transporting ICs
supplied from the user tray 21 as well as ICs supplied from
the magazine 51. Moreover, since the vacuum suction head 41
of the horizontal transporting means 40 can attract an IC
having stopped at the lower end portion of the posture
altering rail 161 in the state that the position of centroid
or center of gravity of an IC is aligned with the axis of the
vacuum suction head 41, the IC can surely be loaded onto the
test tray 31 by the definition or registration of position at
the lower end of the posture altering rail 161.

Fig. 3 shows the construction of a second embodiment of
the posture altering section according to the present
invention. Further, since the construction of the tray
transportation side is not related to the subject matter of

the present invention, the construction of thereof is omitted
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from the drawings on.and after Fig. 3. In the second
embodiment shown in Fig. 3, the posture altering apparatus
160 comprises a movable posture altering rail 162 and an air
cylinder 163 for rotating the movable posture altering rail
162. The movable posture altering rail 162 is provided at
the downstream side of the escape rail 54. 1In this
embodiment, the downstream side of the movable posture
altering rail 162 is pivotally supported by an axis such that
the upstream side thereof can rotate in the up-and-down
direction. The rotation of the upstream side of the movable
posture altering rail 162 in the up-and-down direction is
driven by the air cylinder 163 such that the upstream side of
the movable posture altering rail 162 moves between the
inclined position shown in the drawing abutting on the lower
end portion of the escape rail 54 and the horizontal position
shown by phantom (chain line). That is, an IC is received
onto the movable posture altering rail 162 from the escape
rail 54 at the inclined position abutting on the lower end
portion of the escape rail 54, and then the movable posture
altering rail 162 is rotated to the horizontal position by
the driving force of the air cylinder 163 to give horizontal
posture to the received IC on the rail 162. Thus, the
posture of the IC is altered or changed to the horizontal
posture from the inclined posture.

Fig. 4 shows in detail the relationship between the
escape rail 54, the magazine 51, the buffer rail 53 and the

movable posture altering rail 162. Like the first embodiment
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mentioned above, in this embodiment the escape rail 54 and
the movable posture altering rail 162 have also four IC
receiving grooves 54B and four IC receiving rails,
respectively. When an IC is received by each of the IC
receiving grooves 54B of the escape rail 54, the escape rail
54 is moved to the upstream position of the movable posture
altering rail 162 and then the ICs on the escape rail are
slid down and run into the movable posture altering rail 162
from the escape rail 54 by removing the movable stoppers 54A.
The lower end of the movable posture altering rail 162 is
closed by a closing plate 162a against which the front end of
the package of each IC abuts. As a result, the positions of
all ICs come to be uniform (the edges of all ICs are trued
up). In the state that the IC positions are uniformly
defined, the air cylinder 163 is driven to move down the
upstream side of the movable posture altering rail 162. When
the upstream side of the movable posture altering rail 162 is
moved down to the horizontal position, the air cylinder 163
is stopped to drive. 1In such a way, the movable posture
altering rail 162 is held in the horizontal posture. At this
horizontal position, the vacuum suction head 41 of the
horizontal transporting means 40 is moved to the upper
portion of the movable posture altering rail 162 to attract
the IC and then the IC attracted against the suction head 41
is transported to the test tray 31.

In this second embodiment, the position of the IC to be

tested is also defined and registered at the lower end
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portion of the movable posture altering rail 162, and hence
the horizontal transporting means 40 for transferring ICs
from the user tray 21 to the test tray 31 at the tray
changing section 30 can be used, too, as the horizontal
transporting means for transporting the ICs from the lower
end portion of the movable posture altering rail 162 to the
test tray 31 (see Fig. 1). 1In addition, since the vacuum
suction head 41 of the horizontal transporting means 40 can
attract an IC having.stopped at the lower end portion of the
movable posture altering rail 162 in the state that the
position of the center of gravity of the IC is aligned with
the axis center of the suction head 41, the IC can surely be
loaded to the test tray 31 due to the uniform definition of
the IC positions at the lower end portion of the movable
posture altering rail 162.

Fig. 5 shows the constructién of a third embodiment of
the posture altering section according to the present
invention. In this embodiment, the posture altering
apparatus 160 comprises the movable posture altering rail 162
and the air cylinder 163 for rotating the movable posture
altering rail 162 both of which are the same constructions as
those in the second embodiment, a carrying platform 164 on
which the movable posture altering rail 162 is placed, and an
air cylinder 164A for driving the carrying platform 164
toward the tray changing section 30. The movable posture
altering rail 162 mounted on the carrying platform 164

receives an IC to be tested from the escape rail 54 when the
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posture altering rail 162 is in the inclined position. After
the movable posture altering rail 162 is rotated down to the
horizontal posture position, the carrying platform 164 is
slightly moved toward the tray changing section 30. After
that, the vacuum suction head 41 of the horizontal
transporting means 40 is moved to the upper portion of the
movable posture alterihg rail 162 to attract the IC
thereagainst and the IC attracted against the suction head 41
is transported to the test tray 31.

As mentioned above, with the construction that the
movable posture altering rail 162 is slightly moved toward
the tray changing section 30 after the posture of the rail
162 is changed to horizontal, there is obtained an advantage
that the vacuum suction head 41 of the horizontal
transporting means 40 can be moved down nearly to the
predetermined position of the IC to be tested on the movable
posture altering rail 162. That is, in the second embodiment
shown in Figs. 3 and 4, the arrangement thereof is such that
when the movable posture altering rail 162 is rotated down to
the horizontal posture position, a portion of the upstream
side of the movable posture altering rail 162 enters the
underside of the escape rail 54. Therefore, in this case,
there may be a possibility that the escape rail 54 becomes an
obstacle to the horizontal transporting means 40 in
approaching the upper surface of the movable posture altering
rail 162. However, in the arrangement of the third

embodiment, the escape rail 54 does not become an obstacle at
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all to the horizontal transporting means 40 in approaching
the upper surface of the movable posture altering rail 162.
Since other remaining construction and operation of the third
embodiment are the same as those in the Ssecond embodiment,
the explanations thereof are omitted.

Fig. 6 shows the construction of a fourth embodiment of
the posture altering section according to the present
invention. In this embodiment, similarly to the second
embodiment, the posture altering apparatus 160 comprises the
movable posture altering rail 162 and the air cylinder 163
for rotating the movable posture altering rail 162. However,
on the contrary to the second embodiment, the posture
altering apparatus 160 of the fourth embodiment is arranged
such that the upstream side of the movable posture altering
rail 162 is pivotally supported by an axis and the downstream
side thereof is rotated to the up-and-down direction by means
of the air cylinder 163. According to this construction,
when the movable posture altering rail 162 is rotated down to
the horizontal posture position, a portion of the upstream
side of the movable posture altering rail 162 does not enter
£he underside of the escape rail 54. Therefore, even though
there is not provided the carrying platform 164 as in the
third embodiment shown in Fin. 5, the vacuum suction head 41
of the horizontal transporting means 40 can be moved down
nearly to the predetermined position of the upper portion of
the movable posture altering rail 162 without being

obstructed by the escape rail 54. Since other remaining
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construction and operation of the fourth embodiment are the
same as those in the second embodiment, the explanations
thereof are omitted.

Fig. 7 shows the construction of a fifth embodiment of
the posture altering section according to the present
invention. In this embodiment, the posture altering
apparatus 160 comprises a fixed rail 165, an arm 61 having
the upper end pivotally mounted such that the arm 61 can
rotate in a vertical plane as a rotating plane, and a drive
means, for example, a rotary type air cylinder 64 for driving
the arm 61 to reciprocatingly rotate within a predetermined
rotation angle. In addition, an air cylinder 42 for linearly
reciprocating the vacuum suction head 41 of the horizontal
transporting means 40 is supported on the lower end of the
arm 61. In other word, the posture altering apparatus 160 is
arranged such that the air cylinder 42 and the vacuum suction
head 41 of the horizontal transporting means 40 can be
rotationally reciprocated within the predetermined rotation
angle.

The fixed rail 165 is fixed at the downstream side of the
escape rail 54 in an inclined posture having the
substantially same slope as that of the escape rail 54. The
lower end portion of the fixed rail 165 is closed so that the
fixed rail has a function for uniformly arranging the
position of an IC slid down therein from the escape rail 54.
The vacuum suction head 41 supported on and moved by the

horizontal transporting means 40 is reciprocatingly rotated
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between the position shown by a solid line in the drawing and
the position shown by a phantom line in the drawing as
indicated by an arrow shown in the drawing in accordance with
the rotation of the air cylinder 42 for linearly
reciprocating the head 41 because the air cylinder 42 is
pivotally mounted to the horizontal transporting means 40
through the arm 61 and the rotary type air cylinder 64 such
that the air cylinder 42 can rotate within a predetermined
angle between the solid line position and the phantom line
position.

In the above construction, the horizontal transporting
means 40 moves the vacuum suction head 41 to a position, for
example, close to the downstream side of the fixed rail 165.
At this position, the rotary type air cylinder 64 is driven
to rotate the vacuum suction head 41 in counter-clockwise
direction (upwardly) so that the tip surface (suction
surface) of the vacuum suction head 41 comes to be in
parallel with the package surface of the IC supported on the
fixed rail 165. When the suction surface of the vacuum
suction head 41 and the IC package surface run parallel with
each other, the air cylinder 42 is driven to push out the
vacuum suction head 41, thereby to attract the IC on the
inclined fixed rail 165. After the vacuum suction head 41
has attracted the IC, the air cylinder 42 is driven again to
retract the vacuum suction head 41 by a predetermined
distance. Then the rotary type air cylinder 64 is driven to

rotate the vacuum suction head 41 in clockwise direction,
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thereby to return the posture of the vacuum suction head 41
to vertical posture. As a result, the posture of the IC
attracted against the vacuum suction head 41 is altered to
horizontal posture.

In the state that the vacuum suction head 41 has
attracted the IC of horigontal posture, the vacuum suction
head 41 is moved in the hérizontal direction by the
horizontal transporting means 40 and is stopped at the
predetermined position above the tray changing section 30.
At this predetermined stopped position, the air cylinder 42
is driven to push out the vacuum suction head 41, thereby to
release the IC from the vacuum suction head 41 to be dropped
down into the test tray 31 being stopped at the tray changing
section 30. Therefore, according to this embodiment, the
posture alteration of an IC and the transportation of the IC
to the test tray 31 can be done at the same time, and thus,
the IC can efficiently be loaded onto the test tray 31.
Other constructions and operations are the same as those in
the second embodiment discussed above, and the explanations
thereof are omitted.

Figs. 8 and 9 show the construction of a sixth embodiment
of the posture altering section according to the present
invention. In this embodiment, the posture altering
apparatus 160 comprises a posture altering rotator having
substantially a cross-shape in plan view, and a pulse motor
167 for rotating the posture altering rotator by a

predetermined angle (90° in this embodiment) at a time. The
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posture altering rotator has four (4) rotary arms 166A, 166B,
166C and 166D provided at angular intervals of 90° about its
rotation axis as the center thereof and projecting externally
in the diametric direction from the rotation axis as shown in
Fig. 9. As shown in Fig. 8, rotary arms are given the same
angle of upward inclination such that when one (166A in Fig.
8) of one pair of the.rotary arms 166A and 166B or the other
pair of the rotary arms 166C and 166D which are diametrically
opposed to each other and angularly spaced apart by 180°
about the rotation axis is aligned with the buffer rail 53
having the same angle of upward inclination as that of the
one rotary arm, the other rotary arm (166B in Fig. 8) takes
horizontal posture. That is, each rotary arm is given the
same angle of upward inclination such that the inclination of
one of a pair of diametrically opposed rotary arms is aligned
with the extended line of the buffer rail 53 and the other
rotary arm is held in horizontal posture. Therefore, in
order to satisfy this condition or requirement, as shown in
Fig. 8, the plane or surface of the main body of the posture
altering rotator about the rotation axis is supported such
that the plane of the main body rotates in an inclined state
to horizontal plane.

Each of the rotary arms 166A, 166B, 166C and 166D has an
IC receiving recess formed thereon for accommodating an IC to
be tested therein. When each rotary arm is rotated to the
position aligned with the buffer rail 53 by the pulse motor

167, an IC is slid down into the IC receiving recess of that
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rotary arm from the buffer rail 53. Thus, an IC can be
accommodated in each rotary arm. At the position where each
rotary arm has been rotated by 180° from the IC receiving
position, the IC accommodated in the IC receiving recess
takes horizontal posture, and hence it is possible to cause
the IC to be attracted by the vacuum suction head 41 of the
horizontal transportiﬂg means 40 (see Fig. 3). As a result,
the IC can be transported to the test tray 31 by the
horizontal transporting means 40. Further, a guide 168 is
provided on a peripheral portion of the rotary arms 166a -
166D for preventing the IC from bouncing out by a centrifugal
force at the time when the posture altering rotator is
rotating. Since any IC does not exist in the IC receiving
recess of each rotary arm of the posture altering rotator
after the IC has been attracted by the vacuum suction head 41
of the horizontal transporting means 40, as shown in Fig. 9,
it suffices to provide the guide 168 only within the angular
range of substantially 180° from a position in vicinity of
the buffer rail 53 to a position where the IC takes
horizontal posture and is attracted by the vacuum suction
head 41 of the horizontal transporting means 40 in the
rotational direction of the posture altering rotator.

In such a way, by using the rotary arms 166A - 166D each
having the same predetermined angle of inclination, it is
possible to make the rotary arms 166A - 166D have a function
equivalent to the escape rail 54 in addition to the posture

altering function. That is, if the length of the IC
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receiving recess formed on each of the rotary arms 166A -
166D is selected to be equal to the length of one IC, only
one movable stopper 53A may be provided on the buffer rail 53
for stopping the IC at the lowest position in the downstream
side on the buffer rail 53. When the movable stopper 53A is
moved downward to release the stopped IC, the IC is slid down
into the IC receiving'recess of the rotary arm positioned to
oppose to the buffer rail 53. When the IC is stopped to
slide down, the movable stopper 53A is restored to the
original position, thereby preventing the IC at the lowest
position in the downstream side on the buffer rail 53 from
sliding down. In this state, by rotating the rotary arms by
the pulse motor 167, the IC received in one rotary arm can be
rotated. For example, even if the IC received in the rotary
arm and the immediately following IC remaining on the buffer
rail 53 should be mechanically coupled with each other (both
the packages each accommodating the corresponding IC therein
are coupled with each other by'burrs, etc.), the mechanical
coupling between them can be removed.

As described above, in accordance with the illustrated
embodiment, the escape rail 54 provided for separating ICs
one by one can be eliminated. Therefore, the time interwval
during which an IC moves through the escape rail 54 can be
omitted. In addition, the construction of the apparatus is
simplified. Moreover, since the posture altering apparatus
is of a rotary type, the posture of an IC can be altered to a

desired horizontal posture at high speed to transfer the IC
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to a test tray 31. Thus, the operation or work efficiency is
improved.

Figs. 10 and 11 show the construction of a seventh
embodiment of the posture altering section according to the
present invention. -In this embodiment, the posture altering
apparatus 160 comprises a posture altering rotator having
substantially an isosceles trapezoidal shape (a trapezoid
with equal legs), a positioning means 170 for reéceiving an IC
the posture of which is altered to horizontal by this posture
altering rotator and positioning the received IC in place,
and a rotary type air cylinder 172 for reciprocatingly
rotating the posture altering rotator within a predetermined
angular range (180° in this embodiment). The posture
altering rotator has a pair of rotary arms 166A and 166B
mounted on the opposed legs (inclined surfaces) of the
rotator. These rotary arms 166A and 166B have IC receiving
portions for accommodating respective ICs therein formed
thereon respectively along the respective legs (along the
direction from the upper base of the trapezoid to the lower
base thereof).

The opposed legs of the posture altering rotator,
accordingly, a pair of the opposed rotary arms 166A and 166B
rotate along a conical surface. Therefore, in this
embodiment, the rotation axis of the posture altering
rétator, accordingly, the rotation axis of the rotary arms
166A and 166B is positioned on a bisector dividing into two

equal parts an angle that the angle of inclination of the
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magazine 51 makes with the horizontal plane, and each of the
angles of inclination of the rotary arms 166A and 166B is set
to half (1/2) of the angle that the inclined angle of the
magazine 51 makes with the horizontal plane such that when
the inclined surface of one rotary arm (166A in Fig. 10) is
aligned with the extended line of the buffer rail 53,
accordingly, the extended line of the magazine 51, the
inclined surface of the other rotary arm (166B in Fig. 10) is
held in horizontal posture. With this comstruction, as shown
in Fig. 10, the rotary arm (166A) positioned at the upper
side is aligned on the same straight line as the extended
line of the magazine 51, and the other rotary arm (166B) is
placed in a posture parallel to the horizontal plane at the
lower side.

Moreover, in this embodiment, an IC is discharged from
the magazine 51 with the terminal surface of the IC (the
surfaée from which terminals of the IC are projecting)
directed upward and the rear surface of the IC (the surface
from which no terminals of the IC are projecting) directed
downward, and is guided onto the IC receiving portion of the
rotary arm 166A or 166B through the buffer rail 53. Vacuum
suction heads 169A and 169B are mounted to the IC receiving
portions of the rotary arms 166A and 166B respectively, and
each of the vacuum suction heads attracts and holds the rear
surface of the IC discharged into the IC receiving portion.
With this structure, the IC is firmly held by the wvacuum

suction head and does not fly out externally during the time
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interval when the posture altering rotator is rotating.

In the state that each of the rotary arms 166A and 166B
has attracted the IC, the rotary arms 166A and 166B are
rotated by 180° by the rotational driving force of the rotary
type air cylinder 172, thereby to alter the posture of the IC
received with the rear surface down from the buffer rail 53
at the upper side into horizontal posture with the terminal
surface down at the lowerlside. The positioning means 170 is
located at the lower side to which the rotary arm having |
attracted the IC is rotated by 180°, and the IC the posture
of which is altered into horizontal is held in a state that
it is opposed to the positioning means 170 and spaced
therefrom by a predetermined distance. 1In this state, the
attracting force of the vacuum suction head (169B in the
drawing) against which the IC is attracted is temporarily
released, thereby to drop down the IC into the recess 171 of
the positioning means 170.

The positioning means 170 has, as shown in Fig. 11, a
plurality of recesses 171 formed in juxtaposed relation in
the direction of the tangential line to the circle of
revolution of the posture altering rotator and is supported
such that it can move in the direction of the disposition of
these recesses 171, accordingly, in the direction of the
tangential line. Since the rotary arms 166A and 166B are
reciprocatingly rotated by 180° by the rotational driving
force of the rotary.type air cylinder 172, the ICs are

alternately supplied to the recesses 171 of the positioning
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means 170 from the rotary arms 166A and 166B. Every time one
IC is supplied to the positioning means 170, the positioning
means 170 moves by a distance corresponding to the lateral
length (width) of one recess 171 so that an empty recess is
located at a position under the rotary arm 166A or 1663 at
which it arrives. When all the recesses 171 are filled with
the ICs, the positioning means 170 moves to a position (not
shown in the drawing) spaced apart from that position under
the rotary arm 166A or 166B where the ICs are transferred to
the horizontal transporting means 40 (see Fig. 3). The
horizontal transporting means 40 transports the ICs
transferred from the recesses 171 of the positioning means
170 to a test tray. Further, the reference characters 173A
and 173B in Fig. 10 indicate hoses for connecting the vacuum
suction heads 169A and 169B to a vacuum suction source,
respectively. In the illustrated embodiment, the rotary arms
166A and 166B are reciprocatingly rotated by 180° by the
rotational driving force of the rotary type air cylinder 172.
However, the rotary arms 166A and 166B may be rotated by 180°
in either direction by, for example, a stepping motor.

In this embodiment, the escape rail 54 provided for
separating ICs one by one can be eliminated. Therefore, the
time interval during which an IC moves through the escape
rail 54 can be omitted. In addition, the construction of the
apparatus is simplified. Moreover, since the posture
altering apparatus is of a rotary type, the posture of an IC

can be altered to a desired horizontal posture at high speed
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to transfer the IC to a test tray 31. Thus, the operation or
work efficiency is improwved.

Figs. 12 and 13 show the construction of a eighth
embodiment of the posture altering section according to the
present invention. The illustrated eighth embodiment is the
case where the posture altering apparatus 160 is constituted
by a positioning means 170 for directly receiving the IC from
the inclined escape rail 54 and for altering the posture of
the IC into horizontal as well as for positioning the IC. 1In
addition, in the eighth embodiment, the escape rail 54 has-
extended protruding pieces 54C jutting out from the movable
stoppers 54A of the escape rail 54 toward the downstream
side, respectively. That is, the IC received in the escape
rail 54 from the buffer rail 53 is of an inclined posture.
This IC of the inclined posture is dropped down into a recess
171 of the positioning means 170 with the posture thereof
maintained as it is. In this case, the IC moves on the
extended protruding piece 54C jutting out toward the
downstream side of the movable stopper 54A of the escape rail
54 and then drops down into the recess 171 of the positioning
means 170. Consequently, as shown in Fig. 12, when the front
end of the IC reaches a positioning wall at the front side of
the recess 171 of the positioning means 170, the rear end of
the IC still remains on the extended protruding piece 54C.
Therefore, in the state that the front end of the IC is in
contact with the front side positiéning wall of the recess

171, the positioning means 170 is moved in the direction of
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an arrow X shown in Figs. 12 and 13, thereby to drop down the
rear end side of the IC into the recess 171 from the extended
protruding piece 54C of the movable stopper 54A. As a
result, the IC is entirely dropped down into the recess 171,
and thus, the posture of the IC is altered to horizontal -and
the IC is positioned by the recess 171.

In this embodimenf, as shown in Fig. 13, on the escape
rail 54 located at the downstream side of the buffer rail 53
are provided IC receiving grooves 54B capable of receiving
eight ICs in juxtaposition with one another. Every time an
IC is received in one of the IC receiving grooves 54B from
the buffer rail 53, the escape rail 54 is moved laterally by
one pitch (a distance corresponding to the interval between
two adjacent grooves). When all of the IC receiving grooves
54B are filled with ICs, the escape rail 54 is moved above
the positioning means 170 and the received ICs are dropped
down one by one by sequentially pulling down the movable
stoppers 54A provided in the respective IC receiving grooves.
By this operation, as mentioned above, each of the ICs is
dropped down in such posture that the forward end thereof
will abut against the front side wall of the corresponding
recess 171 of the positioning means 170 owing to the presence
of the extended protruding piece 54C. When the forward end
of tﬁe IC abuts against the front side wall of the
corresponding recess 171, the rear end side of the IC is
remaining on the extended protruding piece 54C, and hence the

IC stops in the inclined posture (state shown in Fig. 12).
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In this state, on moving the positioning means 170 in the
direction of the arrow X, the IC can completely be dropped
down into the recess 171. Alternatively, the IC can
completely be dropped down into the recess 171 if the escape
rail 54 or the extended protruding piece 54C may be moved in
the direction opposite to the direction of the arrow X
instead of moving the'positioning means 170 in the direction
of the arrow X. After the positioning means 170 has been
moved in the direction of the arrow X, the ICs in the
recesses 171 are transported to a test tray by the horizontal
transporting means not shown. Further, since the operation
for transporting eight ICs at a time to the test tray from
the positioning means 170 by the horizontal transporting
means is the same as that in each embodiment previously
discussed, the explanation thereof is omitted.

Fig. 14 shows the construction of an embodiment of the IC
take-out apparatus according to the present invention. 1In
the illustrated embodiment, the IC take-out apparatus is
constructed such that it comprises two IC driving piece 173
each of which is adapted to be inserted into a magazine 51
placed in horizontal posture through a slit formed on the
upper surface of the magazine 51 along the longitudinai
direction thereof, and one of the IC driving pieces 173
inserted into the magazine 53 is moved in the direction of an
arrow X, thereby to move the ICs in the magazine 51 in the
direction of the arrow X, and thus the ICs are discharged

from the magazine 51.
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A buffer rail 53 is located at the forward end side of
the magazine 51 and an escape rail 54 is placed at the exit
side of the buffer rail 53. In addition, a movable stopper
53A is provided in the wvicinity of the exit of the buffer
rail 53 as usual, thereby to prevent the received ICs in the
buffer rail 53 from discharging from the vicinity of the
exit. As with the embodiments previously described, the
escape rail 54 has a plurality of IC receiving portions
laterally provided (in the direction orthogonal to the
direction where an IC is fed into the escape rail 54 from the
buffer rail 53) in juxtaposition with one another. The
escape rail 54 moves laterally by a space corresponding to a
lateral length (width) of one IC each time one IC is received
therein. By this lateral movement of the escape rail 54, anj
mechanical engagement caused by burrs or the like between the
received IC and the immediately following IC remaining on the
buffer rail 53 can be removed. When an IC is fed into the
escape rail 54 from the buffer rail 53, the IC abuts against
the closed end of the escape rail 54, and hence the positions
of ICs in the IC feeding direction are uniformly arranged by
this closed end. As a result, in case that after eight (8)
ICs have been received in the escape rail 54, for example,
the escape rail 54 is moved to a predetermined position where
the ICs received in the escape rail 54 are transferred to a
test tray by attracting the ICs by the wvacuum suction heads
41 of the horizontal transporting means, such operation can

be smoothly and securedly performed since the positions of
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all the ICs are already uniformly arranged.

In the illustrated example of Fig. 14, the IC driving
pieces 173 are mounted to a belt 175 driven by a pulse motor
174. By intermittently driving the pulse motor 174, the ICs
in the magazine 51 can be discharged one.by one therefrom.

In this embodiment, the two IC driving pieces 173 are
supported by the belt 175 spaced nearly equal distance apart
from each other. At the time point that all the ICs are
discharged from the magazine 51 to the buffer rail 53, the
emptied magazine 51 is exchanged for another one. At the
timing that a new magazine 51 accommodating ICs therein is
connected to the buffer rail 53 after the emptied magazine 51
has been removed, thé other IC driving piece 173 mounted on
the belt 175 enters into the slit of the new magazine 51. As
a result, the discharge of the ICs from the new magazine 51
is started.

As described above, by applying the IC transporting
apparatus and the IC posture altering apparatus according to
the present invention to an IC handler, it is possible in the
IC handler to alter ICs of an inclined posture supplied from
an inclined magazine to horizontal posture and to transport
them to a test tray. Consequently, ICs received in a rod-
like magazine can be transported to a testing section of an
IC tester by an IC handler adopting a horizontal transporting
system. As a result, an IC tester of magazine/tray
combination type can be constructed which allows both of ICs

received in a magazine and in a tray each used as a container
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accommodating ICs therein to test them. Moreover, according
to the present invention, since ICs are transported onto a

test tray directly from the position where the IC posture is

.altered to horizontal by the posture altering apparatus, the

time duration required to transport the ICs is reduced, and
hence the time duration taken to test the ICs received in a
magazine can be reduced as compared with the previously
proposed IC handler of tray/magazine combination type. 1In
addition, since the transporting mechanism between the
posture altering means and the test tray can be simplified,
the cost of the apparatus can be reduced.

Further, in each of the embodiments described above,
there is described the case where ICs which are a typical
example of semiconductor devices are taken out from a
magazine, transported, and then the postures thereof are
altered. However, it is needless to say that the present
invention can also be applied to the case where other
semiconductor devices other than an IC are taken out from a
magazine, transported, and then the postures thereof are

altered.
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WHAT IS CLAIMED IS:

1. A semicondﬁctor device transporting apparatus
comprisings:

movable supporting means for supporting thereon a rod-
like magazine for accommodating semiconduct9r devices therein
and capable of holdin§ the rod-like magazine in an inclined
posture by which the semiconductor devices can glide down by
their own weights by the movement of said supporting means;

means for discharging the semiconductor devices
accommodated in said magazine therefrom by a natural sliding
force of the semiconductor devices by their own weights;

posture altering apparatus for altering the posture of
each of the discharged semiconductor devices in the inclined
state to horizontal posture;

device suction means for attracting a semiconductor
device in the horizontal posture; and

horizontal transporting means for transporting the
semiconductor device attracted by said device suction means
with the horizontal posture held onto a test tray and for
dropping the attracted semiconductor device down into an
recess for receiving a semiconductor device provided on said

test tray.

2. A semiconductor device posture altering apparatus
comprising:

movable supporting means for supporting thereon a rod-
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like magazine for accommodating semiconductor devices therein
and capable of holding the rod-like magazine in an inclined
posture by which the semiconductor devices can slide down by
their own weights by the movement of said supporting means;

means for discharging the semiconductor devices
accommodated in said magazine therefrom by a natural sliding
force of the semiconductor devices by their own weights; and

posture altering apparatus for alfering the posture of
each of the discharged semiconductor devices in the inclined
state to horizontal posture,

said posture altering apparatus comprising:

an escape rail located at the downstream side of said
magazine for separating one by one a series of semiconductor
devices discharged from said magazine;

a posture altering rail to which at least one
semiconductor device separated one by one by said escape rail
is fed from said escape rail and having at least one groove
whose slope gradually changes to horizontal thereby altering
the posture of the semiconductor device in the inclined state
fed from said escape rail to horizontal posture;

device suction means for attracting a semiconductor
device in the horizontal posture; and

means for transporting the semiconductor device
attracted by said device suction means with the horizontal

posture held onto a test tray.

3. A semiconductor device posture altering apparatus
s
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comprising:

movable supporting means for supporting thereon a rod-
like magazine for accommodating semiconductor devices therein
and capable of holding the rod-like magazine in an inclined
posture by wﬂich the semiconductor devices can slide down by
their own weights by the movement of said supporting means;

means for discharging the semiconductor devices
accommodated in said magazine therefrom by a natural sliding
force of the semiconductor devices by their own weights; and

posture altering apparatus for altering the posture of
each of the discharged semiconductor devices in the inclined
state to horizontal posture,

said posture altering apparatus comprising:

an escape rail located at the downstream side of said
magazine for separating one by one a series of semiconductor
devices discharged from said magazine;

a movable posture altering rail having its lower end
portion pivotally mounted and normally being in an inclined
state, at least one semiconductor device separated one by one
by said escape rail being fed to said movable posture
altering rail from said escape rail;

means for rotating said movable posture altering rail
in the inclined state to horizontal posture thereby altering
the posture of the semiconductor devices in the inclined
state to horizontal posture each time a predetermined number
of semiconductor devices are fed to said movable posture

altering rail from said escape rail;
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device suction means for attracting a semiconductor
device in the horizontal posture on said movable posture
altering rail; and

means for transporting the semiconductor device
attracted by said device suction means with the horizontal

posture held onto a test tray.

4. A semiconductor device posture altering apparatus
comprising:
movable supporting means for supporting thereon a rod-
like magazine for accommodating semiconductor devices therein
and capable of holding the rod-like magazine in an inclined
posture by which the semiconductor devices can slide down by
their own weights by the movement of said supporting means;
means for discharging the semiconductor devices
accommodated in said magazine therefrom by a natural sliding
force of the semiconductor devices by their own weights; and
posture altering apparatus for altering the posture of
each of the discharged semiconductor devices in the inclined
state to horizontal posture,
said posture altering apparatus comprising:
an escape rail located at the downstream side of said
magazine for separating one by one a series of semiconductor
devices discharged from said magazine;
a movable posture altering rail having its lower end
portion pivotally mounted and normally being in an inclined

state, at least one semiconductor device separated one by one
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by said escape rail being fed to said movable posture
altering rail from said escape rail;

means for rotating said movable posture altering rail
in the inclined state to horizontal posture thereby altering
the posture of the semiconductor devices in the inclined
state to horizontal posture each time a predetermined number
of semiconductor devices are fed to said movable posture
altering rail from said escape rail;

means for moving said movable posture altering rail
in the horizontal direction away from said escape rail;

device suction means for attracting a semiconductor
device in the horizontal posture on said movable posture
altering rail; and

means for transporting the semiconductor device
attracted by said device suction means with the horizontal

posture held onto a test tray.

5. A semiconductor device posture altering apparatus
comprising:

movable supporting means for supporting thereon a rod-
like magazine for accommodating semiconductor devices therein
and capable of holding the rod-like magazine in an inclined
posture by which the semiconductor devices can slide down by
their own weights by the movement of said supporting means;

means for discharging the semiconductor devices
accommodated in said magazine therefrom by a natural sliding

force of the semiconductor devices by their own weights; and
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posture altering apparatus for altering the posture of
each of the discharged semiconductor devices in the inclined
state to horizontal posture,

said posture altering apparatus comprising:

an escape rail located at the downstream side of said
magazine for separating one by one a series of semiconductor
devices discharged from said magazine;

a movable posture altering rail hawving its upper end
portion pivotally mounted and normally being in an inclined
state, at least one semiconductor device separated one by one
by said escape rail being fed to said movable posture
altering rail from said escape rail;

means for rotating said movable posture altering rail
in the inclined state to horizontal posture thereby altering
the posture of the semiconductor devices in the inclined
state to horizontal posture each time a predetermined number
of semiconductor devices are fed to said movable posture
altering rail from said escape rail;

device suction means for attracting a semiconductor
device in the horizontal posture on said movable posture
altering rail; and

means for transporting the semiconductor device
attracted by said device suction means with the horizontal

posture held onto a test tray.

6. A semiconductor device posture altering apparatus

comprisings
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movable supporting means for supporting thereon a rod-
like magazine for accommodating semiconductor devices therein
and capable of holding the rod-like magazine in an inclined
posture by which the semiconductor devices can slide down by
their own weights by the movement of said supporting means;
means for discharging the semiconductor devices
accommodated in said mhgazine therefrom by a natural sliding
force of the semiconductor devices by their own weights; and
posture altering apparatus for altering the posture of
each of the discharged semiconductor devices in the inclinéd
state to horizontal posture,
said posture altering apparatus comprising:
an escape rail located at the downstream side of said
magazine for separating one by one a series of semiconductor
devices discharged from said magazine;
positioning means in an inclined posture for
receiving one by one the semiconductor devices separated by
said escape rail and accurately positioning the position of
receiving the semiconductor device;
device suction means rotatably supported in a
vertical plane for attracting the semiconductor device in the
inclined posture supported on said positioning means;
means for rotating said device suction means so as to
alter the posture thereof to a posture perpendicular to
horizontal plane thereby altering the posture of the
semiconductor device attracted by said device suction means

to horizontal posture; and
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means for transporting the semiconductor device
attracted by said device suction means with the horizontal

posture held onto a test tray.

7. A semiconductor device posture altering apparatus
comprising:

movable supporting means for supporting thereon a rod-
like magazine for accommodating semiconductor devices therein
and capable of holding the rod-like magazine in an inclineq
posture by which the semiconductor devices can slide down by
their own weights by the movement of said supporting means;

means for discharging the semiconductor dewvices
accommodated in said magazine therefrom by a natural sliding
force of the semiconductor devices by their own weights; and

posture altering apparatus for altering the posture of
each of the discharged semiconductor devices in the inclined
state to horizontal posture,

said posture altering apparatus comprising:

a buffer rail in an inclined posture located at the
downstream side of said magazine;

a movable stopper provided at the lower end portion
of said buffer rail for functioning to keep the semiconductor
device positioned at said lower end portion to be discharged
from said buffer rail as well as to enable the semiconductor
device to be discharged from said buffer rail if necessary;

a posture altering rotator located at the downstream

side of said buffer rail and rotatable about its axis of
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rotation, said posture altering rotator having at least one
pair of rotary arms diametrically opposed to each other, said
pair of rotary arms having the same angle of inclination
given so that when one of said rotary arms is aligned with
said buffer rail in the inclined state, the other rotary arm
is in the horizontal plane, a semiconductor device in the
inclined posture discﬁarged from said buffer rail being
received in the one rotary arm coupled to the downstream side
of said buffer rail in alignment therewith; ‘

means for rotating said posture altering rotator such
that the posture of the semiconductor device in the inclined
state supported on the one rotary arm is altered to
horizontal posture by revolution of that rotary arm by 180°;

device suction means for attracting a semiconductor
device in the horizontal posture on one rotary arm; and

means for transporting the semiconductor device

attracted by said device suction means with the horizontal

posture held ontoc a test tray.

8. A semiconductor device posture altering apparatus
comprising:

movable supporting means for supporting thereon a rod-
like magazine for accommodating semiconductor devices therein
and capable of holding the rod-like magazine in an inclined
posture by which the semiconductor devices can slide down by
their own weights by the movement of said supporting means;

means for discharging the semiconductor devices
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accommodated in said magazine therefrom by a natural sliding
force of the semiconductor devices by their own weights;'and
posture altering apparatus for altering the posture of
each of the discharged semiconductor devices in the inclined
state to horizontal posture,
said posture altering apparatus comprisings:

a buffer rail-in an inclined posture located at the
downstream side of said magazine, and for holding a plurality
of semiconductor devices discharged from said magazine;

a movable stopper provided at the lower end portion
of said buffer rail for functioning to keep the semiconductor
device positioned at the lowest end of said buffer rail among
the semiconductor devices held on said buffer rail to be
discharged from said buffer rail as well as to enable the
semiconductor devices to be discharged from said buffer rail
if necessary;

a posture altering rotator located at the downstream
side of said buffer rail and rotatable about its axis of
rotation positioned on a bisector dividing into two equal
parts an angle that the axis of said magazine and said buffer
rail makes with the horizontal plane, said posture altering
rotator having a pair of rotary arms diametrically opposed to
each other, said pair of rotary arms having the same angle of
inclination given so that when one of said rotary arms is
aligned with said buffer rail in the inclined state, the

other rotary arm is placed in a posture parallel to the

horizontal plane;
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device suction means provided on each of said rotary
arms for attracting, when a semiconductor device in the
inclined posture discharged from said puffer rail is received
in one rotary arm coupled to the lower end portion of said
puffer rail in alignment therewith, the inner side of this
semiconductor device;

means for rotéting said posture altering rotator such
that the posture of the semiconductor device in the inclined
state attracted by the device suction means is altered to
horizontal posture by revolution of that rotary arm by 180°;
and |

positioning means provided underneath the
semiconductor device in the horizontal posture for receiving
the semiconductor device released from said device suction

means with the horizontal posture held and defining the

position of receiving the semiconductor device.

9. A semiconductor device posture altering apparatus
comprising:

movable supporting means for supporting thereon a rod-
like magazine for accommodating semiconductor devices therein
and capable of holding the rod-like magazine in an inclined
posture by which the semiconductor devices can slide down by
their own weights by the movement of said supporting means;

means for discharging the semiconductor devices
a¢commodated in said magazine therefrom by a natural sliding

force of the semiconductor devices by their own weights; and
S .
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posture altering apparatus for altering the posture of
each of the discharged semiconductor devices in the inclined
state to horizontal pésture,

said posture altering apparatus comprising:

an escape rail in an inclined posture located at the
downstream side of said magazine for separating one by one a
series of semiconductdr devices discharged from said
magazine;

a movable stopper provided at said escape rail for
functioning to keep a semiconductor device separated by said
escape rail to be discharged from said escape rail;

positioning means provided at a position in the
downstream of said escape rail and disposed in the horizontal
posture, said escape rail and said positioning means being
arranged to have such relation of position that the forward
end of the semiconductor device discharged from said escape
rail by releasing said movable stopper abuts against the end
wall of a positioning recess formed in said positioning means
whereby the semiconductor device remains in an inclined
posture;

drive means for moving said escape rail and said
positioning means in the direction away from each other; and

means for operating said drive means to drop the
semiconductor device in the inclined posture down into said
positioning recess thereby altering the posture of the

semiconductor device in the inclined state to horizontal

posture. e
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10. A semiconductor device take-out apparatus
comprising:

drive means for feeding semiconductor devices from a rod-
like magazine for accommodating semiconductor devices
supported in the horizontal posture;

a buffer rail for receiving a plurality of semiconductor
devices pushed out by said drive means;

a movable stopper provided at the vicinity of the exit
port of said buffer rail; and

positioning means for receiving one by one the
semiconductor devices pushed out from said buffer rail and
holding the semiconductor devices in horizontal posture with

the semiconductor devices positioned.
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