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BACKGROUND OF THE | NVENTI ON 1. Field of the Invention 5 . .
The present invention relates to a seniconductor device _ _transﬁﬁ?élﬁﬁﬁll
and handl i ng apparatus (commonly call ed handl er) which is suitable

for use, in conjunction with a sqpiconductor device testing apparatus

for testing sem conduct or devi ceS)” for transporting sem conduct or

devices 10 to be tested to a test section, carrying the tested

sem conduct or devices out of the test section and sorting t hem out on

the basis of theghestoNiRoRS pEYRER TRAN?IF]@?#IW %L@Ng&%@o rz@i%%‘gﬁ ctor

I nvention relates to I nprovenents e ar KI'Ng Sein
devices | oaded on a tray 15 out of the tray by a carrier head.
2. Description of the Related Art

BACRGROUND OF THE INVENTION

1. Field of the Invention

5 The present invention relates to a semiconductor device

transporting and handling apparatus (commonly called handler)
which is suitable for use, in conjunction with a
semiconductor device testing apparatus for testing
semiconductor devices, for transporting semiconductor devices
10 to be tested to a test section, carrying the tested.
semiconductor devices out of the test section and sorting
them out on the basis of the test results. More
particularly, the present invention relates to improvements
iﬁ the art of taking semiconductor devices loaded on a tray

15 out of the tray by a carrier head.

2. Description of the Related Art
Many of semiconductor device testing apparatus for

measuring the electrical characteristics of semiconductor

20 devices by applying a test signal of a predetermined pattern
to the semiconductor devices to be tested (commonly called
DUT), particularly, many of semiconductor device testing
apparatus (commonly called IC tester) for measuring the
electrical characteristics of semiconductor integrated

25 circuits (hereinafter referred to as IC) which are typical of
the semiconductor devices have a semiconductor transporting

and handling apparatus integrally connected thereto. 1In the



Many .of sem conductor device testing apparatus for measuring the

el ectrical characteristics of sem conductor 20 devi ces by applying a
test signal of a predeterm ned pattern to the sem conductor devices
to be tested (comonly call ed DUT), particularly, many of

sem conduct or device testing apparatus (commonly called IC tester)
for measuring the el ectrical characteristics of sem conductor

i ntegrated 25 circuits (hereinafter referred to as 1C) which are typical
of t he sem conduct or devi ces have a sem conductor transporting

and hand! i Fp1apwangt disthoegralthe quesetitednivieaitdbn. willt be described
follow ng disclosure the present invention will be descri bed by

t aki ng | Cs by priakdhgoLCs etypirall oD rsaemidanekicthkpre denplesf by example hfor
conveni ence of expl anati on. _Fig. 4 illustrates the general

const ruct i aheotcoomeniengandf eexplanatimventi onal seni conductor device
transporting and handl i ng apparatus (hereinafter referred to as
handl er) Fig.| ddilhustrzabes| the grgrral wpnsisuetionAof| anel ity of

5 example of the conventional semiconductor device transporting
and handling apparatus (hereinafter referred to as handler)
called "horizontal transporting system". A plurality of
groups 2 of trays each locaded with ICs are disposed on a
platform 1 constituting a base along the lower side 1A

10 thereof as viewed in the drawing. Each of the tray groups 2A
- 2E consists of a number of trays 12 vertically stacked one
on another. The leftmost tray group 2A as viewed in the
drawing is positioned at a loader section. The trays of the
group 2A in the loader section are loaded with ICs to be

15 tested.

X-Y carrier arm means 34, 3B takes one IC at a time, in
this example, out of the uppermost tray of the stacked tray
group 2A at the loader section and transports it onto a
turntable 4 called "soak stage". A row of positioning

20 recesses 5 for defining the positions for receiving the ICs
are formed in the turntable 4 at equal angular intervals oﬁ a
concentric circle. Each positioning recess 5 is of
substantially square shape and is surrounded on four sides by
upwardly inclined walls. Each time the turntable 4 rotates

25 by one pitch (a feed angle of one positioning recess 5) in a
clockwise direction in the illustrated example, the carrier

"arm means 3A, 3B drops one IC down into one of the



groups 2 of trays each |oaded with I1Cs are disposed on a platform1l
constituting a-base along the |ower side 1A 10 thereof as viewed in the

drawi ng. Each of the tray groups 2A - 2E consists of a nunber of
trays 12 vertically stacked one on another. The leftnost tray group
2A as viewed in the drawing is gmsitioned at a | oader section. The
trays of the group 2A in the | oader section are |loaded with ICs to be
15 t est ed. X-Y carrier armnmeans 3A, 3B takes one IC at a tine,
in this exanple, out of the uppernost tray of the stacked tray

group 2A atpdéﬂehilom‘d@r recessea and Momasgpecificaldiy,0 the carrieur armbl e 4
call ed "soak stage". A row of positioning 20 recesses 5 for defining the
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equal angular intervals on concentric circ]e. Each positioning
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turntable 4 by the movements of the X-Y carrier arm means 3A,

3B in X-Y directions.
The reference numeral 6 denotes rotary arm means called
"contact arm" for transferring the ICs conveyed by the

10 turntable 4 to a test section 7. Specifically, the. contact
arm means 6 is adapted to pick up an IC from each of the
positioning recesses 5 in the turntable 4 and transports it
to the test section 7. The contact arm means 6 has three
arms each having a carrier head attached thereto and performs

15 the operations, by rotation of the three arms, of
sequentially transferring the ICs grasped by the carrier
heads to the test section 7 and of sequentially transferring
the ICs tested in the test section 7 to a transfer arm means
8 located at an exit from the test section.

20 It-should be noted that the turntable 4, the contact arm
means 6 and the test section 7 are contained in a constant
temperature chamber 9 (commonly called chamber) so that ICs
to be tested may undergo the testing within the chamber 9
while being maintained at a predetermined temperature. The

25 interior of the constant temperature chamber 9 is temperature
controlled so as to be maintained at a preset high or low

temperature to apply a predetermined thermal stress to ICs to



-3- . positioning recesses 5. More specifically, the carrier arm

3A, in this exanple, of the X-Y carrier arm neans 3A, 3B has nount ed
thereto a carrier head 3C which is adapted to grasp one of 1Cs being
tested in the tray 12, so that the grasped 5 ICto be tested is carried
out of the tray 12 to the turntgple 4 by the novenents of the X-Y
carrier arm neans 3A, 3B in X-Y directions. The reference
nuneral 6 denotes rotary arm neans call ed "contact arm for
transferring the ICs conveyed by the 10 turntable 4 to a test section 7.
Speci fi cal Ipe Hdwtegant act armnmeans 6 is adapted to pick up an IC
fromeach of the positioning recesses 5 in the turntable 4 and
transports it The transfee test meansi 8nord. tHdeexitixicle afntieanses€ has

t hree arms each having a carrier head attached thereto and perforns
15 the opsecticmdasphrlset gbi—'@ﬁ Fms (Ra¢h rhavingm cgrrier heagdquential ly
transferring the I Cs grasped hy ,the carrier heads to the test section

7 and of seﬁﬁkﬁﬂh@ﬂI?@eFﬁéﬁsﬁéﬁrFﬁgconflgu¥?ﬁaqQ}$qﬁ§§995tlﬁh?hEeFE§@ section

7 to ad ransésergre%rsnserée%y the carrler géaegs tarlzoe)gr} u%&%@dtegesteggt zection.

by rotation of the three arms. ICs taken out of the constant
temperature chamber 9 are sorted out on the basis of the test
result data and stored in corresponding one of the tray
groups 2C, 2D and 2E, three in this example, located in the
10 unloader section. By way of example, non-conforming ICs are
stored in a tray of the rightmost tray group 2E, conforming
ICs are stored in a tray of the tray group 2D at the left
side of the tray group 2E, and ICs which have been determined
to need a retest are stored in a tray of the tray group 2C at
15 the left side of the tray group 2D. This sorting is
performed by carrier arm means 10A, 10B which is controlled
on the basis of the test result data. In this example, the
carrier arm 10A has mounted thereto a carrier head 10C which
is adapted to grasp one of the tested ICs and tramsport it to
20 the designated tray 12.

It is noted that the tray group 2B located at the second
position from the leftmost side is an-empty tray group
located at a buffer section for accommodating trays emptied
of ICs in the loader section. When the uppermost tray of any

25 one of the tray stacks 2C, 2D and 2E in the unloader section
is filled with ICs, a tray of this empty tray group 2B is

conveyed to the top of the corresponding tray stack to be



20 It should be noted that the turntable 4, the contact arm
‘means 6 and the test section 7 are contained in a constant

t enperature chanber 9 (commonly call ed chanber) so that 1Cs to be
tested may undergo the testing within the chanber 9 whi | e bei ng

mai ntai ned at a predeterm ned tenperature. The 25 interior of the
constant tenperature chanber 9 is ted%%rature controlled so as to be
mai ntai ned at a preset high or |ow tenperature to apply a
predeterm ned thermal stress to ICs to

- 4- usld £8Skedre 1Cs thereie transfer armneans 8 on the exit side
of the test section has also three arns each having a carrier head
attached ther et 3ad ;S cGENhARMIEH 1PLISEHNRO! id HGd.C8 elle BurntiBygr asped
by the carrier heads out to an unl oader section by rotation of the
three arns.4 has ballgnonat rofr ohepouiisiaming recessespsr spacedcindqia® are
sorted out on the basis of the test result data and stored In

correspondiangudae éhtehealsafor defining the positions for receiving

5 the ICs formed therein on a concentric circle such that each
time the turntable 4 rotates by one pitch in a clockwise
direction the carrier arm means 3A, 3B deposits one IC into
one of the positioning recesses 5, another type of handler as
shown in Fig. 5 is also in practical use in which the

10 turntable 4 has two rows of angularly equally spaced apart
positioning recesses 5 formed therein on concentric circles.
The arrangement in the latter case is such that the X-Y
carrier arm means 3A, 3B transports two ICs being tested at a
time from a tray located in the loader section and deposits

15 the two ICs into corresponding two of the positioning
recesses 5 of the two rows with each incremental (one pitch)
rotation of the turntable 4.

The handler as illustrated in Fig. 5 is identical to that

shown in Fig. 4 except that the contact arm means 6, the

20 transfer arm means 8 at the exit side and the carrier arm
means 10 are adapted to handle two ICs at a time and that the
test section 7 is also configured to conduct examination on
two ICs at a time. Accordingly, the corresponding parts of
the Fig. 5 configuration are indicated by the like reference

25 numerals and will not be further described.

Further, the handler of the horizontal transporting

system as illustrated as a flow chart manner in Fig. 6 has



groups 2C, 2D and 2E, three in this exanple, located in the 10 unl oader

-section. By way of exanple, non-conforming ICs are stored in a tray
of the rightnost tray group 2E, conforn ng ICs are stored in a tray
of the tray group 2D at the left side of the tray group 2E, and ICs
whi ch have been determ ned to need a retest are stored in a tray of
the tray group 2C at 15 the left sPde of the tray group 2D. This
sorting is performed by carrier armneans 10A, 10B which is
control |l ed on the basis of the test result data. In this exanple, the

adapt od 1 0 SyPaRomn TR EtHE o ey A TR 2RE0Es, Sod flbr wnigh®
desi gnat edyby8Yndén beforehand !Todded ¥rP@ Lhdkohbe tiay pusup &%9})00185 ed at

t he second positiron fromt eftnost side 1's an ehpty tray ‘group

located at j§ BUibBiesesbéOion B1 aKF URGH ke h&aﬁgfsgﬁéa 6shd relodded G 1N

the | oader section. Wien the uppernost tray of any 2 one of the tray

stacks 2C, odBoandtdsti trajes3ndgrdslie YA Wi®hAstandingsShigh/Bswwith ICs, a
tray of this enpty tray group 2B is conveyed to the top of the
corr esponditegperayusésck The beest tray 53 is then moved in a
circulating manner from and back to the 16ader section 51
sequentially through the constant temperature chamber 9 and
an unloader section 52. Specifically, a test signal of a
predetermined pattern is applied to the ICs 56 under test
10 placed on the tray 14 in the testing section 7 within the
constant temperature chamber 9 to be measured for their
electrical characteristics. Upon completion of the
measurement, the tested ICs carried on the test tray 53 are
transported from the test section 7 to the unloader section
15 . 52 where the tested ICs are sorted out based on the data of
the test results and transferred from the test tray 53 onto
the corresponding customer trays 12.
In the hgndler of the construction shown in Fig. 6 as
well, X-Y carrier arm means constructed similarly to the X-Y
20 carrier arm means 3A, 3B used in the handler of the
construction shown in Figs. 4 and 5 is employed to transfer
ICs to be tested from the customer tray 12 to the test tray
53 in the loader section. Likewise, in the unloader section,
X-Y carrier arm means constructed similarly to the X-Y
25 carrier arm means 10A, 10B is employed to transfer tested ICs
from the test £ray 53 to the customer tray 12 in the unloader

section.



used to store ICs therein. VWhile in the handler illustrated in

‘Fig. 4 the turntable 4 has only one row of positioning recesses 5
spaced at equal angul ar intervals for defining the positions for
receiving 5 the ICs fornmed therein on a concentric circle such that each
time the turntable 4 rotates by one pitch in a cl ockw se di rection
the carrier armneans 3A, 3B deposits~bhe ICinto one of the
positioning recesses 5, another type of handl er as shown in Fig. 5is

also in practical use in which the 10 turntable 4 has two rows of

angul arly equal spaced apart... It iﬁg eges f d therein
on concentric de_gsr}oi.:e&?‘ lnﬁf@'arsr zﬁ%} n'?:%l F%eg?aégi}é%ééﬂﬁs such

that the X- dhanber Wird SfcUB BAREstba PRaLEANGAOLRS taB: | A NGreest ed
at a time froma tray located in the | oader section and deposits 15

the two | CsphbREed CoF resstlitg d \Wredetchmined tempefgture and &5 QsEdfodr Of

the two rows with each increnental (one pitch) rotation of the
turntabl e 455 called exifhecHemidirewhese lthesteated I[0sFapge festsoratbrio cal to
t hat shown in Fig. 4 except that the contact armnmeans 6, the 20

transfes ar cheeambigniitenperatiuresiate sigposedconrtbe dnhet side and
the outlet side, respectively, in the constant temperature
chamber 9. Generally, both the soak chamber 54 and exit
chamber 55 afe configured to store a plurality of (say, ten)
test trays 53 stacked one on another.

10 The individual trays 12 of the tray groups 2A -~ 2E used
in the handler of the construction as illustrated in Figs. 4
and 5 are identical to the trays 12 used by the user to place
ICs to be tested and the trays 12 used to store tested ICs in
the handler of the construction as illustrated in Fig. 6.

15 They are known as customer tray or user tray in the art.
These trays 12 are molded from resin. That is, they are

- resin molded parts. It is known that resin molded parts have
drawbacks that they are susceptible to deformations such as
warpage due to changes with time and variations in

20 temperature as well as being liable to be distorted during
the molding.

The customer tray 12 is a container having a multiplicity
of recessed pockets arrayed in the form of a grate for
accommodating ICs. The customer tray 12 with ICs stored in

25 its pockets is rested on a tray stand in the loader section.
The tray stand is supported on its bottom by a vertically

movable elevator so that the tray 12 carried on the tray



means 10 are adapted to handle two ICs at a tine and that the t est

-section 7 is also configured to conduct exam nation on two 1Cs at a
time. Accordingly, the corresponding parts of the Fig. 5
configuration are indicated by the |like reference 25 nunerals and wl |
not be further described. Fyrther, the handler of the horizonta
transporting systemas illustrat™d as a flow chart manner in Fig. 6
has al so been in practical use in which ICs 56 under test
whi ch have been beforehand | oaded on a customer tray (user tray) 12

Q

I n a | oader usgr Eéﬁﬁfﬁ eaefe! oade onto
test tray %ﬁhcapélb%n ﬂ% s?gnaa%feéﬁgg éda%l té:rr'}g”grg ugggel k%e t est
tray 53 is ¢ ﬂla_eré%f&vé%f n c:n-. shouldi b6 WiRdd ekl &lat HoMcdRdnRagKeto the

| oader sectlon sequentially through the constant tenperature

chanber 9 aighstructed adnlioadstraeedi o Pgs Speddd Qﬂ'du‘étoﬁle‘reﬁiraﬁsgl‘ﬁ' of
a predeterm ned pattern is applied to the I Cs 56 under test
pl aced on twikl s btoredt he theirnposikets care oftdn pliadved as a
5 vertical stack on the tray stand, whereas in the handler
constructed as illustrated in Fig. 6, a single customer tray
12 rather than a stack of trays is often supported on the
tray stand.

If there is some deformation in the tray 12, it will be

10 tilted upon being rested on the tray stand} resulting in
differences of altitude on the IC supporting surface of the
tray. In other words, some ICs are placed at relatively low
levels (IC supporting surfaces) of the tray while some ICs
are placed at relatively high levels (IC supporting surfaces)

15 of the same tray.

On the other hand, the carrier head of the X-Y carrier
arm for grasping and carrying an IC to be tested from the
tray 12 in the loader section is adapted to be lowered
through a predetermined stroke (distance) by an elevator, not

20 shown, to attract and grasp the IC in the tray 12 by means of
a pick-up head (usually, vacuum pick-up head) mounted to the
carrier head.

It has been a practice in the prior art as illustrated in
Fig. 7 as an example to dispose a light transmitting type

25 sensor for detecting the top of a tray 12 at a predetermined
position above a tray stand 61 with the light emitting

element (photoemissive device) 62 and light receiving element



constant tenperature chanber 9 to be neasured for their el ectri cal
- characteristics. Upon conpletion of the measurenent, the tested ICs
carried on the test tray 53 are transported fromthe test section 7
to the unl oader section 15 52 where the tested ICs are sorted out based
on the data of the test results _and transferred fromthe test tray 53
onto t he correspondi ng custoner™rays 12. In the handl er of
the construction showmn in Fig. 6 as well, X-Y carrier arm neans
constructed simlarly to the X-Y 20 carrier armneans 3A, 3B used in the

handl er of é?%qs&gifgﬁgniﬁrﬂsﬂd%t;émedﬂcb@eﬁsreia@ﬂgn5 {:ﬁeem’l oyed to

transfer ~be tested ] ustoner tray 12 0 the test tray
53 in the 'éﬁ‘iﬂge‘ﬁ@%' BBing! K€M SEhat r\:ﬁé‘%dé'l&@.%‘iﬂ\e{bfggﬁé'g of the XY

carrier arm neans construcied simlarly td the X- arrier arm neans
10A, 10B i s.reiplioyedpporteansh ethd et d¥and 61 isf Geteebed t®pitid aop3 to
the custoner tray 12 1 n the unl oader section.

-7- of the tray 12 intercepting the light from the light emitting

5 element 62 as the tray 12 is lifted by an elevator 64
whereupon the elevator 64 is halted in response to the
detection signal to stop the movement of the tray stand 61 to
thereby stop the tray 12 at a predetermined position.

With the cqnstruction described above, however, if the

10 tray 12 is deformed (hence tilted) as shown .in Fig. 8, the
top of the tray 12 is not flat in that a portion (lefthand
portion as viewed in the drawing) of the tray top is lifted
up from the surface of the tray stand 61 as shown by an arrow
96, for instance. As a result, since the left end of the

15 tray top is positioned at a higher level than it would be
normally (when not deformed) as shown by an arrow 97, the
sensor will detect the top of the tray 12 earlier than
normally, so that the tray stand 61 is halted at a position
lower than the hormal stop position.

20 Consequently, in the case where the carrier head 3C is
eguipped with two or more pick-up heads as in the handlers as
illustrated in Figs. 5 and 6, when the carrier head is
depressed through a predetermined stroke by lift means, some
(designated at 91a, for example in Fig. 8) of the pick-up

25 heads may almost normally pick up ICs in the tray 12, but
there arises the trouble that some (designated at 91b, for

example in Fig. 8) of the pick-up heads may not successfully



It is noted in Fig. 6 that a chanber 54 call ed soak - chanber where ICs
"to be tested placed on the test tray 53 are heated or cooled to a
predet erm ned tenperature and a chanber 55 call ed exit chanber where
the tested ICs are restored to 5 t he ambi ent tenperature are di sposed on
the inlet side and the outlet sjde, respectively, in the constant

t enperat ure chanber 9. General 'Yy both the soak chanber 54 and exit
chanber 55 are configured to store a plurality of (say, ten) t est
trays 53 stacked one on another. 10 The individual trays 12 of the

tray group?i%ﬁ “ngésuiﬁdthe tr%\j' glzt_he iadles!, dh the eagétﬁﬂéﬁ%%és

illustrated In Figs. 4 an are identical to the trays used by

the user t@ardee head 3¢CEs!&qbipgeptwatinnd stihgler §1§k_l§FUE§§dt&s spre
tested I1Cs in t he handl er of the construction as ilTustrated 1n Fig.

6. 15 Theie daadiegwilisstratadein tFigy. @ asseellll,ayhenplibR-a@p thead

These trays 12 are nolded fromresin. That is, they are resin nol ded
parts. |t imaykpdwk tpalCseplacexdatedqlattivelyvaigh levdiawbnckise tiwdy t hey
are susceptible to deformations such as war page due to changes with
tinme add vad,abusnsotnICgoplagednrt aaiad iyelye lowadeyelagsineslehe o be

di storted during the nolding. |
downward stroke of the cdarrier head 3C.

As discussed above, if the tray 12 is placed slantingly
on the tray stand, the gap between the tip of the carrier
head and the top surface of the IC being tested (actually the

10 top surface of the IC package) rested on the tray will vary
depending upon where on the tray the particular IC is
located, because the stroke of the vertical movements of the
carrier head is constant. As a result, the carrier head may
sometimes be unsuccessful in picking up an IC placed at a

15 relatively lower level on the tray because of failure to
reach the IC.

In the handlers constructed as illustrated in Figs. 4 and
5 in which a tray group 2A comprising a number of trays 12
stacked one on another is placed on the tray stand in the

20 loader section and ICs are picked up from the uppermost tray
12 by the carrier head of the X-Y carrier arm means 33, 3B,
if there is more or less deformation in each tray, the
altitude differences of all trays, in the worst case, would
be cumulatively added up, so that the tray located at the

25 higher tier would have a greater slant. Consequently, the

aforesaid drawbacks would become more striking.

In an attempt to overcome the foregoing drawbacks, it has



The custoner tray 12 is a container having a multiplicity of recessed

- pockets arrayed in the formof a grate for accommodating I Cs. The
custoner tray 12 with 1Cs stored in 25 its pockets is rested on a tray
stand in the | oader section. The tray stand is supported on its
bottom by a vertically anabIe_@Hgvator so that the tray 12 carried
on the tray - 8- stand is
lifted up to a predeterm ned el evation or |evel by the elevator. It
shoul d be understood that in the handl er constructed as illustrated

in Figs. 4wetoforst been arpyactifece to movd tHeCelsivared 68 birean pockets
are often placed as a 5 vertical stack on the tray stand, whereas in the
handl er extraodistaantedadter| betng adtsnpped Fitg.a Greseti posdtiontboer tray
12 rather than a stack of trays is often supported on the tray stand.
| f there idifdmehgettoaastandi fl t flarthey upwandlynisd that tbe cartriex! upon
being rested on the tray stand resultiq? I n differences of altitude
onthe IC guﬁﬁbﬁpiﬁgysgpgggea%} ?fethe ICs to be tested on the tray 12.

5 Although this arrangement has enabled the carrier head 3C to
pick up all of the ICs being tested on the tray 12, the
drawback has still remained that ICs to be tested placed at
relatively high levels on the tray 12 are apt to be damaged
or broken due to collision with the carrier head or to

10 accidentally shift an other IC to be tested out of place due
to a shock.

For this reason, a handler has been provided in which a
small mass IC suction pad is mounted to the tip of the pick-
up head for limited wvertical movements so that.variations in

15 the distance from the stop position of the pick-up head to
the top surface of the IC may be accommodated by the
veftically variable stroke of the suction pad.

However, when there are large deformations in the tray
12, the ICs stored in the tray are quite often accompanied

20 with so large differences of altitude generated depending on
the positions of the ICs in the tray that cannot be
accommodated by the limited variable stroke of the pick-up
head. 1In addition, in the case of the tray group comprising -
a number of trays stacked in tiers, the tilt of the ﬁppermost

" 25 tray is cumulatively augmented as discussed above, the
problem remained that the difference of elevation was far too

great for the limited variable stroke of the suction pad to



tray. In other words, sone ICs are placed at relatively low | evel s
(I C supporting surfaces) of the tray while sone |Cs are placed at
relatively high levels (IC supporting surfaces) 15 of the same tray.

On the other hand, the carrier head of ,fhe X-Y carrier arm f or
grasping and carrying an IC to be tesfé “fromthe tray 12 in the

| oader section is adapted to be | owered t hrough a predeterm ned
stroke (distance) by an elevator, not 20 shown, to attract and grasp the
ICin the trakelagly neans of a pick-up head (usually, vacuum pick-up
head) nounted to the carrier head. It has been a practice

in the prior artrsrilehd 0¥t £Ai8] i8 has ald@. beerdprfpoded Rbeelififi €RESE a
light transmtting type 25 sensor for detecting the top of a tray 12 at
a predet er nipiek-up headowithoa dbstance tmeasusting sehseirt forhpeasyhing a
emtting . elenment (photoem ssive device) 62 and |ight receiving

el enent distance by prgiegbingi 3nkFeh PRAMzoMbe iSE5pREScHeRSRELRGN,

t he , .
sensor is adapted to detect the distance between the top face

of the IC being picked up and the pick-up head to provide for
correcting the level of the pick-up head so as to maintéin
thé distance constant to thereby permit the pick-up head to
always attract ICs with a constant stroke.

10 This system, however, requires the use of expensive
sensors, undesirably resulting in an great increase in the

initial cost.

SUMMARY OF THE TNVENTION

15 It is an object of the present invention to provide a
semiconductor device transporting and handling apparatus
which is capable of positively grasping semiconductor devices
placed on a tray and transporting them, even if the tray is
deformed or tilted.

20 According to the présent invention, the foregoing object
is accomplished by providing a semiconductor device
transporting and handling apparatus in which a carrier head
grasps one or more semiconductor devices out of a-tray loaded
with a plurality of semiconductor devices and transports it

25 or them to a desired location, the apparatus comprising: an
attitude gauging means for measuring the attitude of the

tray; an altitude difference calculating means for



arrangenent being such that the position of the top of the tray 12
supported on the tray stand 61 is detected by the top of the tray 12
intercepting the light fromthe light emtting 5 el enment 62 as the tray
12 is lifted by an el evator 64 m@ereupon the elevator 64 is halted in
response to the detection signal 3o stop the novenent of the tray
stand 61 to thereby stop the tray 12 at a predeterm ned position.

Wth the construction descri bed above, however, if the 10 tray 12 is

deformed (heaseuiating)che %éd&ﬁ %et%eehhehe level@PoPfrhde tray 12 is

not flat in that a portion lon as viewed 1n the

draw ng) of phiealiey é&PPsémmiddddiritor dev:ﬂélésf neaaéaeoﬁ UERSCErdyf drfte o ray
stand 61 as shown by an arrow 96, for instance. As a result, since

the left endefibrehee dbtitudewdloe ich phe bashedost the m'gtlslﬂrudeemilu‘éwn it
woul d be normal Iy (when not deforned) as shown by an arrow 97, the

sensor wi | | desesmineficby ophefatttficudenwalisgr meanst ham altitudernal |y, so
that the tray stand 61 is halted at a position | ower than the nornal
st op po§|t|dﬁff92§nce stoxage d@ans |5pr istorjagcibe akbitudeditfenancasead

11 Ust  at ed SAICRIBESAEPErE®, 2 S PBP e EAICH LAt ing TRt esced
g?;?uggraeggﬁ%eternkggd str %ﬁoﬁnﬁ&%ft nea %uc%ggedev1ces(§§§-gfated at
reference altitude value; means for reading the altitude
difference of a particular semiconductor device to be
10 transported by the carrier head with respect to the reférence
altitude value out of the altitude difference storage means
once the particular semiconductor device has been identified;
and an altitude difference correcting means for correcting
the level of the identified semiconductor device so as to be
15 equal to the reference altitude value on the basis of the
attitude difference of the device with respect to the
reference éltitude value as read out of the altitude
difference storage means.
The tray is supported on a vertically movable tray stand,
20 and the altitude difference correcting means is configured to
actuate an elevator means for moving the tray stand
vertically to correct the level of the identified
semiconductor device -on the tray so aé to conform with the
reference altitude value, on the basis of the attitude
25 difference with respect to the reference altitude value read

out of the altitude difference storage means.

In a preferred embodiment, a tray group consisting of a



25 heads may al nost normally pick up ICs in the tray 12, but t here .

~arises the trouble that sone (designated at 91b, for exanple in Fig.
8) of the pick-up heads may not successfully
-10- pick up ICs in the tray 12. Further, in the case where the
carrier head 3Cis equipped with a si.pgle pick-up head as in t he
handler illustrated in Fig. 4 as well, the pick-up head may pick up
| Cs placed at relatively high levels in the tray 5 12, but not ICs
placed at relatively low |evels since the downward stroke of the
carrier heawmper of trays vesticaklisssthckas,dn itHierse epgh trays pl aced
slantingly on the tray stand, the gap between the tip of the carrier

head and tlﬁﬁqﬁﬁ&nguﬁfQ&EIB¥1F$e°$C??E&?ﬁ?qqgﬁQQjq%xﬁﬁﬁﬁlF?eFﬁ@n i top

f th K di
Cpon wier ¢ %w%qf%e@aﬁf rehETeREY ovibld Beall Seafly  ghe; gatEber| 'hzg
stroke of iGd/ds! 5asbtaavgaﬁefén9§o£@esemcon&%@are'aet}&éss B15884 4R -

aresult, carrier-head
5 the uppermost tray to_the desired location, and the altitude

difference correcting means being confiqured to actuate an
elevator means for moving the tray stand vertically to
correct the level of the identified semiconductor device on
the uppermost tray so as to conform with the reference

16 altitude value, on the basis of the attitude difference with
respect to the reference altitude wvalue as read out of the
altitude difference storage means.

The attitude gauging means comprises four sets of optical

sensors, each set including a light emitting element and a

15 light receiving element which are located in preselected
positions so as to be able to detect the level of the
associated one of the four corners of the uppermost tray of
the tray group on the tray stand.

The attitude gauging means is adapted to detect, in the

20 course of the tray stand being moved by the elevator means to
1ift the tray group on the tray stand, the order in which the
four corners of the uppermost tray of the tray group
intercept the light ray radiated from the light emitting
elements of the corresponding optical sensors and to

25 determine the distances travelled by the tray in its upward
movement from the first interception of light to the second

interception, from the second to third interceptions, and



soneti mes be unsuccessful in picking up an IC placed at a 15 relatively
lower level on the tray because of failure to reach the | C

In the handl ers constructed as illustrated in Figs. 4 and 5 in which
a tray group 2A conprising a nunber of trays 12 stacked one on
another is placed on the tray stand inl&he 20 | oader section and ICs are
pi cked up fromthe uppernost tray 12 by the carrier head of the X-Y
carrier arm nmeans 3A, 3B, if there is nore or |less deformation in
each tray, the altitude_differences of .,all trays, in the worst case,
woul d fpemc thel ERITR | 1P ARPFN pLOCSF R AOPRe tray |ocated at the 25

hi gher tier would have a greater, sl ant. nsegyentl af oresai d

. t he )
drawbacks woul d TB@cEAEX _eh%? i&§ Rfuipped wit PHeaﬁraFPEﬁpﬁl?%rQﬁercone
the foregoi ﬂgﬁgéﬁgigﬁsaﬁétem configured to attract and rasp the

-11- ore been a practice to nove the elevator y an
extra di st aResidbh@hcbst "devicdiPeth ahe? Hia§s ForPeehhspdrt&ion. The
5 pick-up head further has a suction pad mounted to the lower
portion thereof for vertical movements, and the altitude
difference correcting means is configured to correct the
level of the identified semiconductor device placed in the
tray so as to conform with the reference altitude wvalue on
10 the basis of the attitude difference with respect to the
reference altitude value read out of the altitude difference
storage means so that the forward end of the suction pad
comes into contact with the top surface of the identified
semiconductor device in the when the carrier head is lowered
15 by a predetermined distance to pick up the identified
semiconductor device in the tray.

Alternatively, the altitude difference correcting means
may be configured to correct the level of the identified
semiconductor device placed in the tray so as to conform with

20 the reference altitude value on the basis of the attitude
difference with respect to the reference altitude value read
out of the altitude difference storage means so that the
forward end of the pick-up head comes into slight contact
with the top surface of the identified semiconductor device

25 in the tray when the carrier head is lowered by a
predetermined distance to pick up the identified

semiconductor device in the tray.



lift the tray stand 61 further upwardly so that the carrier head 3C
‘may reach all of the I1Cs to be tested on the tray 12. 5 Al t hough this

arrangenent has enabl ed the carrier head 3C to pick up all of the ICs
being tested on the tray 12, the drawback has still remained that 1Cs
to be tested placed at relativellg-high levels on the tray 12 are apt
to be danaged or broken due to collision with the carrier head or to
10 accidentally shift an other ICto be tested out of place due to
a shock. For this reason, a handl er has been provided in which a

smal | mass | C sirctd awdifdedsembadinentp the attpityide igaugiog- means map head
for limted vert, cal .novene hqé variations i t he di stance

fromthe stQﬂWﬁﬁi§Q:F&ﬁestFﬁésﬁfgﬂébb HoRERFPLS th%tﬁ%SFBﬁ SBF#SRE of the
b d d J | Kk f th

| C . . ' '

suct ton pacernsl S8 ifiibding 1ianYteh 68 QIR AR TEGREC | 0% he

tray ﬂgcediﬁ??*g’r gﬁce@tgﬂggdgbﬂcﬁ hﬁré r P gw;j?gee% igetéﬁcﬁggf@iﬁgse 20

with-so | arge titude generate ndi ng on
posi tians ofo tde L AbliiBeLbl A¥ashitd CRONUvAIS of twoaaiagaﬁgfifd by the
limted variable stroke of the pick-up head. In addition, Tn the case
of the trayogpondgd corpersi 68 the tray nwiiilks tHe tremainibgcknd ssttiers, the
tilt of the uppernost

includes a light emitting element and a light receiving

elements which are located in preselected positions so as to
be able to measure the level of the tray as viewed in a
10 direction passing through about the center of the tray and

substantially perpendicular to the two opposed sides of the

tray.

BRIEF DESCRIPTION OF THE DRAWINGS

15 Fig. 1 is a schematic side view, partly in cross-section,
illustrating the construction of the principal parts of an
embodiment of the semiconductor device transporting and
handling apparatus according to the present invention;

Fig. 2 is a plan view illustrating an example of the

20 attitude gauging means employed with the semiconductor device
transporting and handling apparatus of Fig. 1;

Fig. 3 is a plan view illustrating an example of the
controller employed with the semiconductor device
transporting and handling apparatus of Fig. 1;

25 Fig. 4 is a plan view illustrating an example of the
conventional semiconductor device transporting and handling

apparatus to which the present invention my be suitably



25 tray is cumul atively augnented as di scussed above, the probl em

remai ned that the difference of el evation was far too great for the
limted variable stroke of the suction pad to

-12- t ake up. In view of this, it has al so been proposed
to equip the pi ck-up head with a7di stance neasuring sensor for
nmeasuring a di stance by projecting a | aser beam The distance
measuring 5 sensor is adapted to detect the distance between the top
face of the I C being picked up and the pick-up head to provide for
correcting appliedel of the pick-up head so as to maintain t he

di stance constant to thereby permt the pick-up head to al ways

attract |Cs witRig.chnis amtplan okew ildustratingi angyherrexanplke @f the
reat | nor cgeRveRtiofAT SemiGandncyor; Sevice «HaRSBofRi AR bndiinetn o
15 ' abSa8Re 0P £5 wiffor 1P p80he! TH68AE 20N Ly O i b1y

5 applied;

Fig. 6 is a diagrammatical view in the form of a flow
chart illustrating yet another example of the conventional
semiconductor device transporting and handling apparatus to
which the present invention my be suitably applied;

10 Fig. 7 is a schematic side view illustrating one examble
of the conventional system for detecting the top of the tray;
and

Fig. 8 is a schematic side view of the tray illustrating
the problems associated with the use of the tray top

15 detecting system shown in Fig. 7.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Fig. 1 is a side view, partly shown in cross-section,

illustrating the construction of the principal parts of an

20 embodiment of the semiconductor device transporting and
handling apparatus (hand}er) according to the present
invention. This is an example in which the invention is
applied to the semiconductor device transporting and handling
apparatus of the type shown in Fig. 4.

25 A tray group consisting of a number of trays 12
vertically stacked in tiers is deposited onla tray stand 11

which is in turn supported for vertical movements by an



sem conduct or device transporting and handl i ng appar atus which is

‘capabl e of positively grasping sem conductor devices pl aced on a tray
and transporting them even if the tray is defornmed or tilted. 20
According to the present invention, the foregoing object IS
acconpl i shed by providing a sem condef8-or devi ce transporting and
handl i ng apparatus in which a carrier head grasps one or nore

sem conduct or devices out of a tray | oaded with a plurality of

sem conductor devices and transports it 25 or themto a desired
| ocati on, ehevapphrb? (RORRIHHIng @gragﬂ; 13 andypinioRel faukPh EHATEHS f or

reasuri g Lhe SIS Yl oy seard (9 3"kt L L s o

Sl b E T R S BT 15,11 o B
o e O e, b R L
al tituge diftkei18R463 on that tray have been taken out, whereby the
uppermost tray 12 of the tray group may be always maintained
at the fixed position.
Above the tray stand 11 is disposed a carrier head 21
(corresponding to the carrier head 3C of the handler shown in
10 Figs. 4 and 5) movable in X-Y directions. Extending from the
top of the carrier head 21 is an arm 21A to the underside of
which an air cylinder 19 is secured. The air cylinder 19 is
connected with a supply of pressurized air, not shown, and
includes a piston rod 19P the distal end of which is fixed to
15 the top of a pick-up head support 20 so that actuation of the
air cylinder 19 may cause the piston rod 19P to lower the
pick-up head support 20 by a fixed distance.
Mounted to the bottom of the pick-up head sﬁpport 20 is
one pick-up head 16 in this example. While the pick-up head
20 16 is of the type attracting and Qrasping an object by the
action of vacuum in this example, it is possible to employ
any other type of pick-up head utilizing means other than
vacuum to attract and grasp an object. The pick-up head
support 20 is vertically moved in the Z-axis direction
25 (vertically) in a stable manner by the actuation of the air
cylinder 19 by virtue of a guide member 20G extending one

side of the support 20 and slidably engaged with a vertically



calculated by the altitude difference cal cul ati ng neans bet ween t he
‘| evel s of the sem conductor devices and the reference altitude val ue;
means for reading the altitude di fference of a particul ar

sem conductor device to be 10 transported by the carrier head with
respect to the reference al titut® val ue out of the altitude

di fference storage neans once the particul ar sem conductor device has
been identified, and an altitude difference correcting neans for
correcting .the level of the identified sem conductor device so as to
be 15 egxsenddnghd-asier@ntde a1y tude val ue on the basis of the
attitude difference of the device with respect to the ref erence

al titude val ue RBaspréng 38t isfdipposed hetween and gonnectsadetot bhage neans.

h [ d |.cal | bl e. , 0 dth
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attitude _ ence wth respect to the reference altitude value read
out of the Jitingdde1di bbehgndSast P dRAIS the pick-up h8ad HigpeFe ed

enbodi ment, "a tray group consisting of a
20 is lowered by a preset distance by the actuation of the
air cylinder 19 to permit the pick-up head 16 to engage with
the top surface of an IC under test in the tray 12 and pick
10 it up, the pick-up head support 20 is raised up to the
original position under the tension of the spring 18 to
thereby allow the IC grasped by the pick-up head 16 to be
taken out of the tray 12.
While a vertically movable suction pad 16A is mounted to
15 the lower end of the pick-up head 16 in the embodiment
illustrated, such suction pad may be omitted. The suction
pad 16A is formed of rubber or metal, for example, and has an
upper flange portion 16B which is loosely received in a
generally cylindrical cavity 16C formed in the pick-up head
20 16 adjacent its lower end. The vertical length of the cavity
16C is sized such that the lower end of the suction pad 16a
is substantially flush with the lower end of the pick-up head
16 upon the upper flange portion 16B of the suction pad 16A
abutting against the top wall of the cavity 16C. It will be
25 appreciated that the lower end of the suction pad 16A is
normally projecting from the lower end of the pick-up head 16

because the pick-up head 16 is lowered under its own weight



-14- nunber of trays vertically stacked in tiers, each tray
‘carrying a plurality of sem conductor devices thereon is supported on
a vertically novable tray stand. The carrier head is adapted to
transport sem conductor devices placed on 5 t he uppernost tray to the
desired location, and the altitude =-20- difference correcting neans being

configured to actuate an el evator neans for noving the tray stand
vertically to correct the level of the identified sem conductor
device on ghe ugger st fray so as tg conformwi th the reference 10
al titude v¥EE tBR PRESHSAFR F 44 uRpST fdangPi PRFEAER PR pin contaGispect

\ ' . _al titud
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presel ect edym wignk0Sitions so as to be able to detect the level of the
associ ated one of the four corners of the uppernost tray of

5 When the suction pad 16A attracts an IC being tested

thereagainst by virtue of suction force applied thereto by a
vacuum pump means (not shown) following the engagement of the
lower end of the pick-up head 16 with the top surface of the
IC, the suction pad 16A is moved up under the suction force

10 until the flange portion abuts against the top wall of the
-cavity 16C. The IC under test is thus contacted with the
lower end of the pick~up head 16 while vacuum attracted and
grasped by the suction pad 16A.

The carrier head 21 movable in X-Y directions is moved in

15 the X direction (perpendicularly to the plane of drawing és
viewed in Fig. 1) by means of a screw shaft or lead screw 22
(corresponding to the carrier arm 3A shown in Figs. 4 and 5).
23 is a guide shaft to prevent the rotation of the carrier
head 21 about the shaft 22.

20 As already stated, in the case of the tray group 2A
comprising a number of trays 12 stacked in tiers on the tray
stand 11, if there is deformation in each tray, the tray
located at the higher tier will have a greater slant ad the
altitude differences are cumulatively added up. Of course,

25 if there are deformations in even .one or more trays of the
lower or intermediate tiers, the uppermost tray of the tray

stack 2A would be considerably tilted. Fig. 1 illustrates an



the tray group on the tray stand. The attitude gauging neans is
“adapted to detect, in the 20 course of the tray stand being noved by the
el evator neans to . lift the tray group on the tray stand, the order in
whi ch t he four corners of the uppernost tray of the tray group
intercept the light ray radi ated frc??#ﬁe light emtting el ements of
the correspondi ng optical sensors an o 25 determ ne the distances
travelled by the tray in its upward novenent fromthe first
interception of light to the second interception, fromthe second to

third inteegamplensn wiiith the tray group RROWS! BeppOr£sd tén e tray

I nterceptions. The carrier head is equi pped with one or nore

pi ck-up stantiebtiswirtth citsarmeighac iz idenbedngediyni fitamely anidyigirashanhe

sem conductor devices in the tray for transportation. The 5 pi ck-up head
further hathe 3eftisbdeaas rowhade duet to ktbeeright sidereof @il lwar eof for
vertical novenents, and the altitude difference correcting neans is
conf i gur edcppséderakly tmany of the trays being lifted up. 1In Fig. 1,

5 the reference numeral 25 indicates the horizontal plane
touched by the highest part of the uppermost tray of the tray
group 2A.

According to the present invention, an attitude gauging
means 24 for measuring the attitude of the uppermost tray 12

10 of the tray group 2A is provided. The levels of a plurality
of semiconductor devices placed on the tray 12 are compared
with the reference level to calculate the altitude
differences with respect to the reference level on the basis
of the detected attitude measurements. - The thus calculated

15 altitude differences are prestored in storage means. Then,
the level of a particular semiconductor device on the tray 12
to be taken out is corrected so as to be equal to the
reference level by moving upwardly or downwardly the tray
stand 11 on the basis of the stored altitude difference.

20 One example of the attitude gauging means is illustrated
in Fig. 2. In this example, the attitude gauging means 24
comprises four sets of optical sensors- 24A - 24D, each set
including a light emitting element T and a light receiving
element R which are located in the horizontal plane 25 (see

25 Fig. 1) touched by the highest part of the uppermost tray 12
of the tray group 2A so as to be able to detect the level of

the associated one of the four corners of the uppermost tray



| evel of the identified sem conductor device placed in the tray so as
-to conformwith the reference altitude value on 10 t he basis of the

attitude difference with respect to the reference altitude val ue read
out of the altitude difference storage neans so that the forward end
of the suction pad conmes into gggtact with the top surface of the

I dentified sem conduct or devic n the when the carrier head is

| owered 15 by a predeterm ned distance to pick up the identified

sem conductor device in the tray. Al ternatively, the altitude

di fferencejgorrecting neans may be configured to correct the |evel of
the identified sem conduct or device placed in the tray so as to
conformwith 20 ¢pbNeoh IS SN ahelldrall @2 akdl 4¢ BBiﬁ?em@@éd_sb friede
attitude difference with respect to the referehce altitude val ue read
out of theedétatorel’litd erifitcchst drage greaps28ooh hehe ttmay stand @iyard end
of the pick-up head cones into slight contact with the top surface of

t he i denti thedatbitedadamingidgans cphstrugtefeas rdgsamidred lebavar ri er head
is lowered by a predet erm ned di stance to pick up the identified
sen1Coﬁducwgild@@tggﬁiﬁhqrgp*xhyp.whlch the four corners of the tray

12 intercept the light ray OP radiated from the light
emitting elements T of the corresponding optical sensors 24A
- 24D and determine the distances travelled by the tray in
its upward movement from the first interception of light to
10 the second interception, from the second to third
interceptions, and from the third to fourth interceptions.

As stated above, each of the optical sensors 24A -~ 24D
comprises the light emitting element T and light receiving
element R which are located such that the light ray OP

15 projected from the associated light emitting element T passes
across the corresponding corner of the uppermost tray 12
along the horizontal plane 25 shown in Fig. 1 and received by
the associated light receiving element R. With this
arrangement, as the tray 12 is gradually moved up, the

20 highest corner of the tray 12, if it is tilted, will
intercept the light ray OP from the first corresponding
optical sensor, then the second highest corner of the tray 12
will intercept the light ray OP from the second corresponding
optical sensor, and so on. In this way, it is possible to

25 know the orientation of the tilt of the tray 12 by detecting
the order in which the interceptions of light occur. 1In

addition, the altitude differences between the four corners
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-16- In a nodi fied enbodi nent, the attitude gaugi ng nmeans may
conprise three sets of optical sensors, tw of the optical sensor
sets including light emtting elements and |i ght recei ving el enents
which are located in preselected positions 5 so as to be able to neasure
the levels of two diagonally opgpgnsed corners of the tray while the
remai ni ng one set i ncludes a light emtting elenment and a |ight
recei ving el enents which are located in preselected positions so as
to be able to neasure the level of the tray as viewed in a 10

di recti on passbeagkndwough ddiexminiageéheedistandes t tvavelled upwardly
substantially perpendicular to the two opposed sides of the tray.
BRI EF DESChy PEReON- 13y ThetweRRA\thes sucgessive ingergeprions fenkitdht si de
view, partly in cross-section, illustrating the construction of the
princi pal partShefdistances wravelileshtupsardiy betweendtbe csuckassive

transporting, and oesons "IN MRAER HRe2SHONTANS, | Db SR
5 pinion 14 constituting part of the elevator 15 by a pulse
motor, for example, and counting the number of pulses applied
to the pulse motor.
By measuring the altitude differences between the four
corners of the tray, it is possible to calculate the
10 differences in level between the top surfaces of ICs
accommodated in the tray 12 (for éxample, differences in
altitude between the top surface of the highest IC and those
of the other ICs in the tray 12). The thus calculated
altitude differences between the IC are prestored in storage
© 15 means. At the time during the actual transportation of ICs
when a parficular IC being tested which the pick-up head 16
is going to pick up is identified, the altitude difference of
the top surface of the identified IC to be tested is read out
of the storage means, and the uppermost tray 12 is moved up
20 or down by controlling the elevator 15 in accordance with the
altitude difference as read out so as to correct the position
of the tray until the distance between the level of the top
surface of the IC the pick-up head 16 is going to pick up and
the pick-up head 16 becomes equal to a preset constant
25 distance.
Fig. 3 illustrates the circuit configuration on one

example of the controller for calculating the differences



Fig. 2 is a plan viewillustrating an exanple of the 20 attitude gaugi ng

" means enpl oyed with the sem conductor device . transporting and .
handl i ng apparatus of Fig. 1; Fig. 3is a plan viewillustrating
an exanpl e of the controll er enployed with the sem conductor device
transporting and handling apparatus of Fig. 1; 25 Fig. 4 is a plan
view illustrating an exanple of the "4%= conventional sem conductor device
transporting and handl i ng apparatus to which the present invention ny
be suitably -17- appl i ed;
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transporting and handling apparatus to the p
be suitabl ynaprlontdolling the distance between the level of the IC to
5 be tested and the pick-up head 16 by moving the tray.stand 11
vertically in accordance with the calculated altitude
differences so that the distance becomes equal to a preset
constant distance.
The controller 25 may comprise a microcomputer, for

10 example. As is well known in the art, the microcémputer
comprises a central processing unit (CPU) 27, a read-only
memory (ROM) 28 storing a program for operating the central
processing unit (CPU) 27 in a predetermined sequence, a
writable and readable random-access memory (RAM) 28 for

15 temporarily storing data input from the outside, an input
port 30 into which the detection signals from the light
receiving elements R of the four sets of optical sensors 24A
~ 24D of the attitude gauging means 24 are input, and an
output port 31 for ouﬁputting control signals.

20 The control signals output from the output port 31 are
pulse'signals applied to a pulse motor 32 for driving the
elevator 15 which pulse signals are also input to the
controller 26 to be used to determine the distances travelled
upwardly by the uppermost tray.

25 The operation of the controller 26 will now be described.

Upon the uppermost tray 12 of the tray group 2A on the

tray stand 11 being emptied and transferred to the other



10 Fig. 7 is a schematic side view illustrating one exanple of
“the conventional systemfor detecting the top of the tray; and

Fig. 8 is a schematic side view of the tray illustrating t he probl ens
associated with the use of the tray top 15 detecting system shown in
Fig. 7. DETAI LED DESCRI PTI ON-g2¥- THE PREFERRED EMBODI MENTS

Fig. 1 is a side view, partly shown in cross-section, illustrating the
construction of the principal parts of an 20 enbodi ment of the

sem conduct or device transporting and handl i ng apparatus (handl er)
accordi ng m¢a¢n9np«bgéﬂer sectiomyerttieodifEhicontroinmeansp2®Ai n whi ch t he

i nvention is plied to the sem conductor device transporting and
handl! i ng (consaaﬁatatiul@yw PW?%@W% ipj §he4R°M2%8) inclyded gy

group consisting of a_nugber of trays verti I stacked |n tiers
is dep05|tédlSﬁghRPMagas%%nﬂcﬁﬁYate tQMﬂqﬂPletPﬁ Pl ﬁesﬁ%

vertical nnvﬁven51gngls through the output port 31, whereby the puigz

5 motor 32 is driven to actuate the elevator 15 to raise the
tray stand 11 and hence the tray group 2A. During this
upward movement of the tray group 2A, the detection signals
from the attitude gauging means 24 are monitored.

First, the elevator 15 is actuated to raise the tray

10 group 2A until a detection signal from any one of the optical
sensors 24A - 24D is input to the input port 30. The
elevator 15 is further actuated to raise the tray group 22
until a detection signal from a second optical sensor is
input to the input port 30 whereupon the number of the pulses

15 generated from the time when the first detection signal was
input to the time when the second detection signal is input
is stored in the RAM 29. 1In the like manner, the elevator 15
is further actuated to raise the tray group 2A until a
detection signal from a third optical sensor is input to the

20 input port 30 whereupon the number of the pulses generated
from the time when the second detection signal was input to
the time when the third detection signal is input is stored
in the RAM 29. Upon a detection signal from the final
(fourth) optical sensor being input to the input port 30, the

25 number of the pulses generated from the time when the third
detection signal was input to the time when the fourth

detection signals input is stored in the RAM 29.



el evator 15 conprising a rack 13 and pinion 14, for exanple.

. Specifically, the tray stand 11 is configured to be lifted by one
tray height each tine the uppernost tray 12 of the tray st ack
supported on the tray stand 11 is renoved as all of the 5 | Cs | oaded on
that tray have been taken out, whereby the uppernost tray 12 of the
tray group nay be always nmaintained “49 at the fixed position.

Above the tray stand 11 is disposed a carrier head 21 (correspondi ng
to the carrier head 3C of the handler shown in Figs. 4 and 5) novabl e
in X-Y directians. ndi ng.fromt he t t he carri_er ead 21 is
an arm21A to t‘?ﬂé’%ﬁ%gﬁﬁgc fon Slgn?\*‘ﬁ" A Y"gf)e'r b A& ?§ PB %ﬁéﬁred

The air Cy'é rs'$4aS- 24p h&@é‘“&fi%é’ﬂéﬂxfﬁxpthe eOEo gosveLzef air,

not shown, udes a piston ro |sta chis
fixed to yl‘i‘ngt 2he? uasesckouax@e@\méélmdr 29 39 ttae«mﬁawat i on of

t he I 1 nder nay cause the piston rod 19P to | ower the

pi ck-up f“*%hé%dhyomheZQIGVaﬁofistidi§&é§péﬁ to cease raliingedhéotife
bottom of the pick-up head support 20 is one pick-up head 16 in this
exanpl & Wudeng [2a.pi ck-up head 20 16 is of the type attracting and
graspi ng an object by the action of vacuumin this exanple, it is

possi bl e to enewt, the altitude difference calculating means 28B

included in the ROM 28 calculates the altitude differences
between the top surfaces of ICs on the tray 12 in accordance
with the data input to the input port 30 between the

10 initiation and the termination of the upward motion .of the
uppermost tray 12. By way of example, the calculation may be
accomplished from the altitude differences between the
corners of on the tray 12 and the distances from the highest:
corner to each of the ICs being tested. Or alternatively,

15 the altitude differences between the top surfaces of ICs may
be calculated by drawing an imaginary tray on three-
dimensional (X, Y and 2) co-ordinates from the aforesaid
number of the pulses produced by the detection signals from
the four sets of optical sensors 24A - 24D, setting a

20 reference point on the co-ordinates at the elevation of the
corner of the tray that is first detected by the optical
sensor; for example and calculating the difference in
distance in the direction of the Z axis (vertical axis) -
between the reference point and the point on the co-ordinates

25 of an IC to be tested to be picked up by the pick-up head 16.

The altitude differences between the top surfaces of ICs



any other type of pick-up head utilizing neans other than vacuum to
attract and grasp an object. The pick-up head support 20 is
vertically noved in the Z-axis direction 25 (vertically) in a stable
manner by the actuation of the air cylinder 19 by virtue of a guide
menber 20G ext endi ng one si de Qfg{he support 20 and slidably engaged
with a vertically F ndi ng Z-axi s guide 17. A
spring 18 is disposed. between and connected to the under si de of the
arm 21A of the carrier head 21 and the top of the pick-up head

support 20 &g AQTAEdd boypitde E1eitUBROLEfforendd ¢RVAIHYing Inedns @S to be
under st ood that upon the air cylinder 19 being deactuated after the

pi ck-up heagreuppsstored in Zhe alktdvededdhyferenes estolisjannmansy 2ohe
actuation of the air cylinder 19 to permt the pick-up head 16 to
engage W t hincluded hin tthe RKRaf 206 oAndndiui€ingdthetastual trenspoatatioand
pick 10 it up, the pick-up head supgort 20 is raised up to the
of ICs to be tested out of the tray, when a particular IC to
5 be tested which the pick-up head 16 is going to pick up is
identified, the altitude difference correcting means 28C
included in the ROM 28 is activated to read the altitude
difference of the top surface of the identified IC being
picked up by the pick-up head 16 out of the altitude
10 difference storage means 29A, the number of pulses required .
to correct the read out altitude difference is calculated,
and the calculated pulses are fed to the pulse motor 32
through the output port 31. The elevator 15 is thus actuated
to move the tray stand 11 vertically by a distance
15 corresponding to the number of pulses to thereby correct the
Jevel of the tray 12 on the tray stand 11.

This correction makes the distance between the forward
end of the pick-up head 16 and the top surface of the IC the
pick-up head 16 is going to pick up becomes equal to the

20 preset constant value (reference value). It will thus be
appreciated that the stop position of the tray stand 11 may
be controlled so that the downward movement of the pick-up
head 16 by a predetermined distance may bring the forward end
of the suction pad 16A attached to the lower end of the pick-

25 up head 16 into slight contact with the IC the suction pad is
going to pick up.

It should be noted that other than the method described



original position under the tension of the spring 18 to t hereby al |l ow
"the | C grasped by the pick-up head 16 to be taken out of the tray 12.
While a vertically novable suction pad 16A is mounted to 15 t he | ower
end of the pick-up head 16 in the enbodi ment il lustrated, such
suction pad may be onmitted. The suct % pad 16A is forned of rubber

or netal, for exanple, and has an upper flange portion 16B which is

| oosely received in a generally cylindrical cavity 16C forned in the

i ck-up head 20 _ 16 adjacent its. | d, T tical Jength of th
Cavity | abOYRCOBIFRLAS CRIPR Ht hEa SRSEEnRYoPSPRE Shotion pad 16A

is substantially flush, with the | i cthe pick-up head. 16
the upper FREREEmLBRY; b 10 TR s tahd"oRAY £h8 SEfhon mpdgainer
the t s of j o L | 5 ' t |

end of 1 he et FB° 58 HRNEeE of et dc dBart ro BPREAM Skt isnsier ona.

of the pi Cleylupheadydbmethods OF Pk iMe up G #E BBaHe Lfodfed QWA under
its own weight - 20-

5 pick-up head 16 such as the method of picking up an IC to be
tested by means of the pick-up head 16 by slightly contacting
the pick-up head 16 with the top surface of the IC, and the
method of picking up an IC to be tested by means of the pick~
up head 16 by pressing the pick-up head 16 on the top surface

10 of the IC. In the case of the last mentioned method, the
amount of pressing the pick-up head 16 down must be precisely
controlled because an excessive amount of pressing would
damage the IC to be tested.

While the attitude gauging means 24 has been described as

15 comprising four sets of optical sensors 24A - 24 in the
foregoing embodiment, it may comprise three sets of optical
sensors with the satisfactory function of measuring the
attitude of the tray. In that case, preferably two of the
optical sensor sets are located so as to be able to measure

20 the levels of two diagonally opposed corners of the tray
while the remaining one set is located so as to be able to
measure the level of the tray as viewed in a direction
passing through about the center of the tray and
substantially perpendicular to the two opposed sides of the

25 tray.

Furthermore, while in the foregoing disclosure the

present invention has been described with reference to the



with the underside of its upper flange portion 16B in contact W th

‘the bottomwall of the cavity 16C. That is, the |ight wei ght suction
pad 16A is depending downwardly only by its own wi ght. 5 When
the suction pad 16A attracts an | C being tested t her eagai nst by
virtue of suction force applied there2® by a vacuum punp neans (nhot
shown) follow ng the engagenent of the . lower end of the pick-up head
16 with the top surface of the | C, the suction pad 16A is noved up

under the suction force 10 until the flange portion abuts against the
top wal | ofasgewhere t’é%vﬂﬁ%nsl‘@@tlﬂge tl}@euﬁ@ F-Cﬁés'@e#l%OﬁlL%r%d*ﬁ%t dd with
t he | ower end of ,the pick- | e vacuum attracted and

grasped by i8h8188cPPiBLR q%@eaﬁnre t(ij"e a’Fﬁé‘tBQFrPErth%a’éF% Yokl e in

) ane of ot H3eaSt Ehe ' Fertghring b P&d% Thsinathes ?”ﬂ!’li@?ﬁ# Sighe or

| ead 2 F' .4
and 5) . Tays,arp pESIRCERP AL Gils® dethetd’ bECEnd hEY ST TP
head 23 abeyls §3gnena %pzfeflgcpced frontrdl LeRH¥rs! a8 laetdoddie hise Of the

tray group rising a number of trays 12 st ed Intiers on the
tray m‘étagaéel%hel didhdriced S df ¥HBLGOA1sE BachotédYehddeit riay
possible to measure the attitude of the tray by arithmetic
operations even if the optical sensors are not necessarily
located in a single plane.

10 Moreover, while in the illustrated embodiment the present
invention has been described in connection with the case
where the measurement of the altitude is conducted on the
uppermost tray 12 of a tray stack 2A supported on a tray
stand 11 as in the handlers as illustrated in Figs. 4 and 5,

15 it will be apparent to those skilled in the art that the
present invention may also be applicable, with the same
functional advantages, to the case where a single tray 12 is
placed on a tray stand 11 as in the handler as shown in Fig.
6.

20 In addition, while in the foregoing embodiment the
present invention has been applied to the handler for
transporting and handling ICs, it is a matter of course that
the éresent invention is likewise applicable, with the same
functional advantages, to handlers for transporting and

25 handling semiconductor devices other than ICs as long as they
are handlers of the type in which semiconductor devices are

transported out of a tray by a carrier head.



| ocated at the higher tier wll have a greater slant ad the altitude
“differences are cunul atively added up. O course, 25 If there are
deformations in even one or nore trays of the |.ower or internediate
tiers, the uppernost tray of the tray stack 2A woul d be consi derably
tilted. Fig. 1 illustrates an exanple in which the tray

group 2A is supported on the tray “stand 11 with its ri ght side being
significantly higher than the left side as a whole due to the right
side of all or consi derably many of the trays being lifted up. In

Fig. 1, 5 thigd1aksr GRe2eNdRBr 8brdfoingli smiebindit Mls' Bakhal pl ane
touched by the higheSt part of the uppernost tray of the tray group
2A. illuktoartddnyith réspecesentthencans otheren thet pregdengaugi ng
means 24 for neasuring the attitude of the uppernost tray 12 10 of the
tray group izwentignodsdappligfete cbEanspAriing @emicopductor devices
sem conduct of O 53ad 35°¢n hé "foaddy séodion,* P15 Sbvious to
5 those skilled in the art that the present invention is not
limited to the use in the loader section, but is applicable,
with the same functional advantages, to taking semiconductor
devices out of any tray susceptible to deformation.
As discussed hereinabove, in a semiconductor device
10 transporting and handling apparatus in which a carrier head
grasps and transports semiconductor devices out of a tray
placed on a tray stand, even if the attitude of the tray is
tilted due to deformations and/or distortions, the present
invention provides for corrécting any altitude differences
15 resulting from the tilt between £he top surfaces of the
semiconductor devices on the tray and controlling the
distances between the forward end of the carrier head and the
top surfaces of the semiconductor devices so as to be always
maintained at a constant value, whereby the downward travel
20 of the carrier head by a constant distance ensures that the
forward end of the carrier head is always stopped at such a
position as to permit the carrier head to positively grasp a
semiconductor device placed anywhere on the.tray without
imposing any excessive pressure on the device.
25 It will thus be appreciated that the present invention

produces the advantage of providing a highly reliable

semiconductor device transporting and handling apparatus



with the reference level to calculate the altitude differences with

respect to the reference | evel on the basis of the detected attitude
measurenents. The thus cal culated 15 altitude differences are prestored
in storage neans. Then, the | evel of a particular sem conductor
device on the tray 12 to be takeleut is corrected so as to be equal
to the reference | evel by noving upwardly or downwardly the tray
stand 11 on the basis of the stored aItitude difference. 20 One

exanpl e of t ug g neans il lustrated in Fig. 2. In
this exanpl e"h%['%fe a% té%% § 2’ gf“}{alﬁéﬁﬂs troublq:m $de fipabiléty of
opti cal Senf%]f st}feﬁa]at 3% h%ﬂﬁh 8e§ras%| semiy i ncI Q{rﬁ |ight emtting

element T a recei Vi ng écleécﬁﬂ-égeﬁnlnhe
horizontal R i%O Poz8ioR2 onHi 0 by, t art of the
upper nost tray 12 o’ of thgnt{r:g?/ %%%{1 é%q'?ecsi'lﬁl fsisngs g8eBct the

| (23\2/el of as déﬁ&g@%sﬁﬁuabgéaﬁaéeé’fcélﬁé‘eé B éé?!{ﬂ:%rn%u torhgevgger m)st tray

5 colllslon with the carrier head.



In the course of the tray stand 11 bei ng noved by the el evator 15 to
lift the tray group 2A on the tray stand 11, the attitude gauging
means constructed as described above 5 wll detect the order in which
the four corners of the tray 12 intercept the light ray OP radiated
fromthe |ight emtting el enent&32F of the correspondi ng opti cal
sensors 24A - 24D and determ ne the distances travelled by the tray
in its upward novenent fromthe first interception of |i 10

| ight to
the second interception, fromthe second to third As““ll ﬂlu ' gﬂ "M(E and
from the t hWHATt §Sf GLAIMED nk%y cept i ons. ’ WiMhch of
the optical sensors 24A - 24D conprises the light emtting elenent T
and |ight receiving el enent R which are | ocated such that the |ight

ray OP 15 projected fromthe associated |ight eqittigg el ement T passes
across the corrdspoAdPRYLERRARGLRE deVEcfeapgperting and handlingng t he

hori zontal pl 5 i 0 Fi : - h i at ed

Taht recei GeRgTafineat Bridh & Ganna¥t veSE p¥Eiplione ox ok T roy 1551
dual | : el t oo fredits ol

U ed, Wi petctiantior dobiodd Gl d ReRyOlobdla ith (€ phdrdliny? i ng

optical senggr gehleBniiOLSL Nl disOket +6anBpbres §bCofM@elddo a W !

intercept the light ray O°P fromthe second correspondi ng
desired location, said apparatus including:

an attitude gauging means for measuring the attitude of
said tray; .

an altitude difference calculating means for calculating
the differences between the levels of the plurality of
seﬁiconductor devices loaded on said tray and a reference
altitude value on the basis of the attitude values determined
by said attitude gauging means;

an altitude difference storage means for storing the
altitude differences calculated by the altitude difference
calculéting means between the levels of the semiconductor
devices and said reference altitude value;

means for reading the altitude difference of a particular
semiconductor device to be transported by said carrier head
with respect to said reference altitude value out of said
altitude difference storage means once said particular
semiconductor device has been identified; and

an altitude difference correcting means for correcting
the level of said identified semiconductor device so as'to be
equal to said reference altitude value on the basis of the

attitude difference of said device with respect to said



optical sensor, and so on. In this way, it is possible to 25 know t he

orientation of the tilt of the tray 12 by detecting the order in
which the interceptions of light occur. In addition, the altitude

di f ferences between the four corners

- 23- can be known by determ nigg_the distances travelled upwardly
by the tray between the successive interceptions of |ight. The
di stances travel |l ed upwardly between the successive i nt erceptions of

| ight can be determ ned by driving the 5 pi nion 14 constituting part of

the el evat ofefdreii¢ed attlitade valusDaorreddrowxamisaidaadtdeudei ng the
nunber of pul ses applied to the pulse notor. ™ By neasur1ng

t he al tit udiifiddemcenseorbgewmeans he f our cor ne”num S
possible to calculate the 10 differences in |evel uu ﬂmyﬂfgﬂﬂ
surfaces of ICs acconmodated in the tray 12 (for* etanpl et *el ences

I n altitude between the top surface of the highest 1C and those
of the other |&. i rhehsemigpndaytorhdevhoe trarspentsing and handling

apparatus according to claim 1 in which said tray is
supported on a vertically movable tray stand, said altitude
difference correcting means being configured to actuate an
elevator means for moVing said tray stand vertically to
correct the level of said identified semiconductor device on
said tray so as to conform with said reference altitude
value, on the basis of the attitude difference with respect
to said reference altitude value read out of said altitude

difference storage means.

3. The semiconductor device transporting and handling

apparatus according tc claim 1 in which a tray group
consisting of a number of trays vertically stacked in tiers,
each tray carrying a plurality of semiconductor devices
thereon is supported on a vertically movable tray stand, said
carrier head being adapted to transport semiconductor devices
placed on the uppermost tray to the desired location, and
said altitude difference dorrecting means being configured to
actuate an elevator means for moving said tray stand
vertically to correct the level of said identified
semiconductor devicé on said uppermost tray so as to conform
with said reference altitude value, on the basis of the

attitude difference with respect to said reference altitude



altitude differences between the IC are prestored in storage 15 means.
At the tinme during the actual transportation of ICs when a particul ar
| C being tested which the pick-up head 16 is going to pick up is
identified, the altitude difference of the top surface of the——

identified ICto be tested is read ouy. of the imuﬁﬂﬂ”mﬂ t he
uppernost tray 12 is noved up 20 or down by contr o A yﬂlnﬂ'or 15
in accordance with the altitude difference as read out sb &s ®0

correct the position of the tray until the distance between the | evel

of the topyalue réad foine off dafid altlikadpi akferéned d€oiaglMathd.0 pi ck up
and the pick-up head 16 becones equal to a preset constant 25

di st ance. Fig. 3 illustrates the circuit configuration on one
exanpl e of the controller for calculating the differences
- 24- beg yeephé heemiiduotion evice twrahspestifigaand WiakdIingf | Cs

in the tray 12 and a reference altitude val ue on the basis of t he
attitude vapparatis c3¢hqrsting toh€ladd 2ude whighngai@daktitude gauging
means comprises four sets of optical sensors, each set
including a light emitting element and a light receiving
element which are located in preselected positions so as to
be able to detect the level of the associated one of the four

corners of said tray.

5. The semiconductor device transporting and handling
apparatus according to claim 3 in which said attitude gauging
means comprises four sets of optical sensors, each set
including a light emitting element and a light receiving
element which are located in predetermined positions so as to
be able to detect the level of the associated one of the four
corners of the uppermost tray of said tray group on said tray

stand.

6. The semiconductor device transporting and handling

apparatus according to claim 4 in which said attitude gauging
means is adapted to detect, in the course of the tray stand
being moved by said elevator means to lift the tray on said
tray stand, the order in which the four corners of the tray
intercept the light ray radiated from the light emitting
elements of the corresponding optical sensors and to

determine the distances travelled by the tray in its upward



and controlling the distance between the level of the ICto 5 be tested
and the pick-up head 16 by noving the tray stand 11 vertically in
accordance with the calculated altitude di fferences .so_t.hat_the

di stance becones equal to a preset const ant distﬁ

The
controller 25 may conprise a nicroconpyger, for 10 e mﬂu&muﬁﬁu U,&II
known in the art, the m croconputer conprises a cC L Ph ¥ang
unit (CPU) 27, a read-only . nmenory (ROV) 28 storing a programfor

operating the central processing unit (CPU) 27 in a predeterm ned
sequence, amovementv ficwlthearfinseadalteecepndom af ckightretwrihe &dondB f or
15 tenporarily storing data input fromthe outside, an input port
30 i nt o whi thtébheepleiar; i frrons ithealsecondntohthiidhinterceptinns viang el enent s
R of the four sets of optical sensors 24A - 24D of the attitude
gaugi ng neafiso@4the ethigditto fimprh intercgptpomsport 31 for outputting
control signals. 20 The control signals output fromthe output port
31 are pul se signals applied to a pulse notor 32 for driving the

el evator 15 which pulse signals are also input to the control ler 26
to be used to déter Bl eSeRECORAIGHATe daVigfe tragsporting papd drgndlinge

upper mst tLay, 220 accordiiy WEAINs*kn s ER LA SLe AN dadiiliPe
means is adapted to detect, in the course of the tray stand
being moved by said elevator means to lift the tray group on
said tray stand, the order in which the four corners of the
uppermost tray of said tray group intercept the light ray
radiated from the light emitting elements of the
corresponding optical sensors and to determine the distances
travelled by the tray in its upward movement from the first
interception of light to the second interception, from the

second to third interceptions, and from the third to fourth

interceptions.

8. The semiconductor device transporting and handling

apparatus according to claim 1 in which said carrier head is
equipped with one or more pick-up heads which are each
configured to attract and grasp the semiconductor devices in

said tray for transportation.

9. The semiconductor device transporting and handling

apparatus according to claim 8 in which said pick-up head has
a suction pad mounted to the lower portion thereof for

vertical movements, said altitude difference correcting means



Upon the uppernost tray 12 of the tray group 2A on the tray stand 11
being enptied and transferred to the other

- 25- station (buffer section), the lift control  neans™ 2Z8A
(constituted by a programprestored in the ROM 28) i Tlmnenmu““ m”““

ROM 28 is activated to supply the pul sgeaotor 32 mnt al s

t hrough the out put port 31, whereby the pul se motor® 32 i% dtiven to
actuate the elevator 15 to raise the tray stand 11 and hence the tray
group 2A. During this upward novenent of the tray group 2A, the

det ecti on sikgidigs conflguredrrtph@oareqztume geexgIn pinsaid ideatéfiedi t or ed.
First, the elevator 15 is actuated to raise the tray 10 group 2A until a
det ecti on si%ﬁﬂ%CQQQHﬁFQFdeHéCBfP%ﬁ@e%p%¢(§ﬂld traY'§@h§§r§°2¢ﬁPf°2mE)|s

i nput to the j ort el evator 15.is_further actuated to
raPse the tr%&F qgrsﬁ}% fﬁferenceuﬁ}ﬂ‘t‘éd%le‘f & SR ﬁhﬁngasf’ﬂsoﬁlfa Becond

Che pal ses Arituge, giereRBibe FiiR o RGH R wnly HATERBRE plE PR

was 'fvaﬂué‘}ehheohk”BfMQSEdtQf%f%ﬁ&é“hfk%é?éﬂd%ﬂs% o988k hEahSPsS
that the forward end of said suction pad comes into contact
with the top surface of said identified semiconductor device
in said tray when said carrier head is lowered by a
predetermined diétance to pick up said identified

semiconductor device in said tray.

10. The semiconductor device transporting and handling

apparatus accordiny to claim 8 in which said altitude
difference correcting means is configured to correct the
level of said identified semiconductor device placed in said
tray so as to conform with said reference altitude value on
the basis of the attitude difference with respect to said
reference altitude value read out of said altitude difference
storage means so that the forward end of said pick-up head
comes into slight contact with the top surface of said
identified semiconductor device in said tray when said
carrier head is lowered by a predetermined distance to pick

up said identified semiconductor device in said tray.

11. The semiconductor device transporting and handling

apparatus according to claim 2 or 3 in which said attitude

gauging means comprises three sets of optical sensors, two of



is stored in the RAM29. In the |ike manner, the el evator 15 is
further actuated to raise the tray group 2A until a det ecti on signal
froma third optical sensor is input to the 20 i hput™ port™ 30 "whereupon

t he nunber of the pul ses generated fromthe ti m] mﬂ lld
detection signal was input to tge time when thlﬂl ﬂu" unrﬁﬂ

signal is input is stored in the RAM 29. Upon a*defecti dh sigral from
t he final (fourth) optical sensor being input to the input port 30,
the 25 nunber of the pul ses generated fromthe tine when the third

det ecti on s$hgnaptiasli sensor csetw inatudingn lightf emithing elements tansh
signals input is stored in the RAM 29, i

- 26- light repeiving elementswhichare desatefdeinopresetectad opti cal
sensors 24A - 24D have all been input to the controller_26, suppl yi ng

the pul ses PESitAENEUFS IR PR ARLe (1 Medguce, the levglg ehytWde el evat or
15 1s StOp%gggggaifgsgpﬁgégérE%fAE%érg?/tﬁ% tr%&o%ﬁi%é"the remaining

one set includes a light emitting element and a light

receiving elements which are located in preselected positions

so as to be able to measure the level of the tray as viewed

in a direction passing through about the center of the tray

and substantially perpendicular to the two opposed gides of

the tray.



Next, the altitude difference cal cul ati ng neans 28B I ncluded in the
ROM 28 cal cul ates the altitude differences bet ween the top surfaces
of 1Cs on the tray 12 in accordance with the data input to the input
port 30 between the 10 initiation and the term nation of the upward
notion of the uppernost tray 1238By way of exanple, the cal cul ation
may be acconplished fromthe altitude differences between the
corners of on the tray 12 and the di stances fromthe hi ghest cor ner
to each of the ICs being tested. O alternatively, 15 the altitude

di fferences between the top surfac®BSIRACES may be cal cul ated by
drawi ng an inmaginary tray on three- dimensional (X, Y and 2)
co-ordinates fromthe aforesaid nunber of the pul ses produced by the
detection signals from the four sets of optical sensors 24A - 24D,
setting a 20 Arsgwieopducigndeydcensranspratingcandthandlidi®yation of the

f th h. IS f.i h | cal. , f
ol e ancroRATANR (e, BT eR, sPERBChfvided o s ively, ar33BR8a: : on
f the Z | ' X b int .
poi nt on ¢ AR IR S 1 put B EPEroy CLEMA SR, IR o388 LB
the pick-upchieageahf-is tilted due EBCABEbIhHELORS f45/ &N oS RAlMRAR 1 BG tOP

surfaces of |GCs
the use of a carrier head 21 which is vertically movable
through constant strokes. The tilt of the tray 12 is
measured by attitude gauging means 24 comprising four sets of
optical sensors 24A - 24D, the altitude differences of the
top surfaces of ICs accommodated in the tray with respect to
a reference level are calculated by altitude difference.
calculating means 28D, and the calculated altitude
differences are stored in altitude difference storage means.
Once an IC being picked up has been identified, the altitude
difference of the identified IC with respect to the reference
level is read out, and the position of the tray is moved
vertically to conform with the referénce level by altitude
difference correcting means 28C to insure that the carrier

head can pick up the IC.
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-27- calculated by the altitude difference cal cul ati ng neans 28B
are prestored in the altitude difference storage neans 29A I ncl uded
in the RAM 29. And during the actual transportation of 1Cs to be
tested out of the tray, when a particular ICto 5 be tested which the
pi ck-up head 16 is going to pick up is identified, the altitude

di fference correcting nmeans 28C i ncluded in the ROM 28 is activated
to read the altitude difference of the top surface of the identified
| C bei ng pi cked up by the pick-up head 16 out of the altitude 10

di fference storage neans 29A, the nunber of pulses required to
correct the read out altitude difference is calcul ated, and the
cal cul ated pulses are fed to theggs se notor 32 t hrough t he out put
port 31. The elevator 15 is thus actuated to nn@@trm323ay stand 11
vertically by a distance 15 corhesponding to the nynher of | ses to

t hereby correct the levellLof the tray 12 aon the tray tand 11.

This correction makes the of bett ween Fha f orwar end of the

pi ck-up head 16 and the top surf t he |l C| { he @b
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pi ck-up head 16 is going to pick up becones equal to the 20 preset

constant value (reference value). It will thus be appreci ated that
the stop position of the tray stand 11 nay be controlled so that the
downward nmovenent of the pick-up head 16 by a predeterm ned distance
may bring the forward end of the suction pad 16A attached to the

| ower end of the pick- 25 up head 16 into slight contact with the IC the
suction pad is going to pick up. It should be noted that

ot her than the nethod descri bed

- 28- above of picking up an IC to be tested by neans of the
suction pad 16A by slightly contacting only the suction pad with the
top surface of the I C about to be picked up, there are various

nmet hods of picking up an ICto be tested by the 5 pi ck-up head 16 such
as the method of picking up an I1C to be tested by neans of the

pi ck-up head 16 by slightly contacting the pick-up head 16 with the

top surface of the IC, and the

24A
oP

~<<>/:o

T

S

—— - — s — o — = — -

G O G M ) R G woE A R W A

R

N

N
N
o
(@)
B
-%?A

FlG . 2 _ This Sheet Has Been Replac

11

i

Wi

K TI‘—‘J&%&;"

! REPLACYL ,,i



met hod of picking up an I1C to be tested by neans of the pick- up head
16 by pressing the pick-up head 16 on the top surface 10 of the IC. In
the case of the last nentioned nmethod, the anount of pressing the

pi ck-up head 16 down nust be precisely control | ed because an
excessi ve anmount of pressing would damage the 1C to be tested.

Wil e the attitude gaugi ng neans 24 has been described as 15 conpri si ng
four sets of optical sensors 24A - 24 in the foregoi ng enbodi ment, it
may conprise three sets of optical sensors with the satisfactory
function of measuring the attitude of the tray. |In that case,
preferably two of the optical sensor sets are |located so as to be
able to neasure 20 the |l evels of two diagonally opposed corners of the
tray while the remaining one set is located so as to be able to
measure the level of the tray as viewed in a direction passi ng

t hrough about the center of the tray and S inti al |y perpendi cul ar
to the two opposed sides of the 25 tray. o || Furthernore, while in

t he foregoing disclosure the present i V&ng2op jhas been descri bed
4 ‘/
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- 29- case where the transmtting type optical sensors are used, it

Is also possible to neasure the attitude of the tray 12 by the use of
the reflecting type optical sensors in which |ight rays are projected
onto the corners of the tray 12 such that 5 the light rays reflected
fromthe corners are detected to measure the distances. It should
al so be noted that it is possible to neasure the attitude of the tray
by arithnetic operations even if the optical sensors are not
necessarily | ocated in a single plane. 10 Moreover, while in
the illustrated enbodi nent the present I nvention has been described in
connection wth the case where the nmeasurenent of the altitude is
conducted on the uppernost tray 12 of a tray stack 2A supported on a
tray stand 11 as in the handlers as illustrated in Figs. 4 and 5, 15
it wll be apparent to those skilled in the art that the pr esent
I nvention may al so be applicable, wth the sane functi onal
advant ages, to the case where a single tray 12 is pl aced on a tray
stand 11 as in the handler as shown in Fig. 6. 20 I n addition,
while in the foregoing enbodi ment the
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pr esent
and handling IGCs,

It

is a matter

of course that

I nvention has been applied to the handler for

is |likew se applicable,
handl ers for transportin
than ICs as |long as they

with the sane
g and 25

functi onal

transporting

t he present
advant ages,

are handl ers of the type in which

sem conduct or
head.

whil e the foregoi ng enbodi nent has been

devi ces are

i nvention
to

handl i ng sem conduct or devi ces ot her

transported out of a tray by a carrier

t he case where the present

-30-

Finally,

illustrated with respect to

I nvention is applied to transporting

sem conduct or
obvious to

devi ces

out of atray 12 in the |oader section,

5

those skilled in the art that the present

l[imted to the use in the | oader section

sane functi onal

but

advant ages,

to taking sem conduct or

any tray susceptible to defornmation.

it is
i nvention i s not
i s applicable, with the
devi ces out of
As di scussed herei nabove, in

a sem conductor device 10 transporting and handling apparatus in which a
carrier head
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grasps and transports sem conductor devices out of a tray pl aced on a
tray stand, even if the attitude of the tray is tilted due to

def or mati ons and/ or di stortions, the present nvention provides for
correcting any altitude differences 15 resulting fromthe tilt between

the top surfaces of the sem conductor devices on the tray and
controlling the di stances between the forward end of the carrier head
and the top surfaces of the sem conductor devices so as to be al ways
mai nt ai ned at a constant val ue, whereby the downward travel 20 of the
carrier head by a constant distance ensures that the forward end of
the carrier head is always stopped at such a position as to permt
the carrier head to positively grasp a sem conduct or devi ce pl aced
anywhere on the tray w thout | Mposi Nng any excessive pressure on the
device. 25 It wll thus be appreciated that the present invention

produces the At-age—ot - { dirrg - a—h+ghky—%e++&bbe————1 sem conduct or
devi ce transp rtﬁﬁg‘éhﬁ“hanUTl g} appar at us
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which is capable of avoiding the trouble with the inability of the carrier
head to grasp sem conductor devices placed in certain positions on the
tray as well as the accidents such as danages and breakages caused on

sem conductor devices by collision with the carrier head.

- 32- VWHAT IS CLAIMED | S: - 1. A sem conductor device transporting
and handling apparatus in which a carrier head grasps one or nore

sem conductor devices out of a tray |oaded with a plurality of

sem conductor devices and transports it or themto a desired | ocation,
sai d apparatus including: an attitude gaugi ng neans for neasuring the
attitude of said tray; an altitude difference cal cul ati ng neans for
calculating the differences between the levels of the plurality of

sem conductor devices | oaded on said tray and a reference
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‘al titude value on.the basis of the attitude val ues determ ned by said
attitude gaugi ng neans;

an altitude di fferencelﬁ @g\ﬁm‘aﬁs{ﬁ@

storing the altitude di f ferences cal cul at ed by the Fffefeg
cal cul ati ng neans between the |evel s, t he sem congugt or deV|Qg$ sai d
reference altitude val ue; means T or reading th | i § ude: dif f et ehce of

a particular sem conductor device to be transported|by said carriecih¢ad
with respect to said reference altitude value out of] sard altitude

di fference storage neans once sai ABSTRACTII ar sem cljonductor..dew-ee—tras

been identified; and an altitude difference correcting nmeans for

correct i NgSEMECONDUCTOR DEVEICEJERANSPORTENG AN JBANBEING /R

equal to said reference altitude value on the basis of the attitude
di fference of aisémievndecuothdeespectramsmartding and handling

- 33-

reference altitude value as read out of said altitude

st orage ne@pparatus is provided which provides for positively grasping

and transporting an IC out of a tray loaded with ICs, even if
the tray is tilted due to deformations an/or distortions, by
the use of a carrier head 21 which is vertically movable
through constant strokes. The tilt of the tray 12 is
measured by attitude gauging means 24 comprising.four sets of
optical sensors 24A - 24D, the altitude differences of the
top surfaces of ICs accommodated in the tray with respect to
a reference level are calculated by altitude difference
calculating means 28D, and the calculated altitude
differences are stored in altitude difference storage means.
Once an IC being picked up has been identified, the altitude
difference of the identified IC with respect to the reference
level is read out, and the position of the tray is moved
vertically to conform with the reference level by altitude
difference correcting means 28C to insure that the carrier
head can pick up the IC.

Figure 1

RARATUS to pe

di fference



2. The seniconduct or device transporting and handling apparatus according
to claiml in which said tray is supported on a vertically nmovabl e tray
stand, said altitude difference correcting nmeans bein
actuate an el evator neans for nDV|ngsgn:d tray stand REP[R@Eﬁyiﬁ °‘TETL
correct the level of said identified conduct or deviic —saird-tiay ko

as to conformwith said reference altitude value, on th 3@? efmihe*
attitude difference with respect to said reference altfitiu Fueread out
of said altitude difference storage neans. 3. Th 1conduet or
device transporting and handling apparatus according tjo claim1l in which a
tray group consisting of a nunber of trays vertically -t tTier’s,
each tray carrying a plurality of1fem conductor devices thereon is
supported on a vertically novabl e Qray stand, said ca2ier 23ad bei ng
adapted to transport sem condugterdevi-ees p!accd.u” the—udperApst tray to
£

the desired location, and sai tte—ahpi- e eree—egr+ectng ans being
configured to actuate an €| ans f ¢r 1DvinE sdid tray sjtand
vertically to correct the |evel said idgntitied con&%ctor devi ce on
sai d uppernost tray so as tﬂgcon
o} \\
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00 ~ ™17 zAxis GuiDE
]
1
J
HORIZONTAL PLANE
OPTICAL SENSOR 25 OPTICAL SENSOR
24D 24C
— N
T, OP R ROPT

12 TRAY

]
]
]
]
[}

Q
/////////// 11 TRAY STAND
E

1
4}15 ELEVATOR
13

RN

FIG. 1



"with said reference altitude val ue,

difference with respect to said reference altitude

- 34-

optical sensors, each set i
recei ving
able to detect the |evel

tray.

of

ncluding a light emtti

el enent which are |ocated in presel ected} p
the associated one of thel
5. The sem conductor device transporti

apparatus according to claim3 in which said attitude

conprises four sets of optica

emtting elenment and a |ight

each set inc
el enent whi ch

sensors,
recei vi ng

predeterm ned positions so as to
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on the basis of the

attitude

val ue read out of said altitude dlfferencerstorage MBANS .o
The sem conduct or device transportlng and handl i ng
claim2 in which said attitude gauglng. means conprii
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uding a light
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" be able to detect the |evel
t he uppernost tray of said tray group on said tray stan
sem conduct or device transporting and handl i ng apparatus according to claim
4 in which said attitude gaugi ng ngags_is adapted to de '
of the tray stand being noved by said el evator neans to
i n which the four corners of

said tray stand,

i ntercept the |ight

correspondi ng opti cal

t he order

of the associ ated one of the four

ray radiated fromthe light emtting

the tray in its upward
I nterception,

light to the

second

devi ce transporting and handling

sensors and to

deternmi ne the di standes trav
nmovenent fromthe firgt Li-pk
fromthe second to thi
and fromthe third to fourth interceptions.
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apparatus according to claim5 in which said attitude gauging neans is
adapted to detect, in the course of the tray stand being noved by said

el evator nmeans to lift the tray group on said tray stand, the order in

whi ch the four corners of the uppernnit tray of said tray group intercept .
the light ray radiated fromthe lightZemtting el enents..af.the e
corresponding optical sensors and to deternine the di stafiges ACERENS CEBEDY

the tray in its upward novenent fromthe first interceptier—ot—troght—tp |
the second interception, fromthe second to third interc*pgignﬁ 3@§%fLon1
the third to fourth interceptions. 8. The sem cgnquct or EE {4

itn_whi.ch said l

transporting and handl i ng apparatus according to claim]
carrier head is equipped with one or nore pick-up headg which are each
configured to attract and grasp the sem conductor devi cés—ta-—sare—tray-—for
transportation. 9. The sem conductor device transporting and
handl i ng apparatus according to claim8 in which said pick-up head has a
suction pad nounted to the | ower portion thereof for vertical novenents,

said altitude difference correcting neans
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- 36- bei ng configured to correct the level of said identified
sem conduct or device placed in said tray so as to conform wth said
reference altitude value on the basis of the attitude difference Wit ...
respect to said reference altitude yaégg read out of saidi &LP{ADPRTNT SHELT|
di fference storage neans so that the forward end of said §u A-pad--conss’
into contact wth the top surface of said identified sem go gﬁctgéﬂgqugeg

nedt di sitanc
to pick up said identified sem conductor device in said tfay. 10,1
The sem conduct or device transporting and handling apparatys according to
claim8 in which said altitude difference correcting nmean$«+s=eentt-gH-et——
to correct the Ilevel of said identified sem conductor device placed in
said tray so as to conformwith said reference altitude value on the
basis of the attitude difference with respect to said reference altitude
val ue read out of said altitude difference

in said tray when said carrier head is |owered by a predete ;

2 TRAY GROUP

FIG. 5



"storage neans so that the forward end of said pick-up head cones into
slight contact with the top surface of said identified sem conductor
device.in said tray when said carrier head is |lowered by a predeterm.ne
di stance to pick wup said identified sem conductor device gigdstTay. iy
11. The sem conductor device transpdhﬁLng and handl i ng app Us accordlng F
toclaim2 or 3 in which said attitude gauging neans conp ] three,sats i
of optical sensors, two of ' !
optical sensor sets including light emtting elenents and
el ements which are located in preselected positions so as
neasure the | evels of two diagonally opposed corners of tB . =T e
remai ning one set includes a light emtting el enent and ijlght recei ving

T

el ements which are located in preselected positions so as to be able to

measure the leyel _of the trav as viewed (p_a direction pqssing t hr ough
about the centler p® -Lha-t;ayq ' '
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- +and substantially perpendicular to the two opposed sides of the tray.
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