TEST HEAD POSI TI ONER FOR SEM CONDUCTOR DEVI CE TESTI NG APPARATUS BACKEROUKD
.OF THE | NVENTI ON 5 1. FIELD OF THE | NVENTI ON The present7 nvénti on:
Telates generally to a sem conductor device testing apparatus-for testing
sem conductor devices, and nore particularly to a test head positioner for
movi ng what is called test head of a sefd conductor device testing apparatus
to a 10 predeterm ned el evation and holding it in position when it is
nounted in the test section of the testing apparatus. 2. DESCRI PTI ON OF THE
RELATED ART Many of sem conductor device testing apparatuses (commonly is
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5 1. EIELD OF THE INVENTION
The present invention relates generally to a semiconductor
device testing apparatus for testing semiconductor devices, and
more particularly to a test head positioner for moving what is called
test head of a semiconductor device testing apparatus to a
10 predetermined elevation and holding it in position when it is

mounted in the test section of the testing apparatus.

2. DESCRIPTION OF THE RELATED ART
Many of semiconductor device testing apparatuses (commonly
15 called IC tester) for measuring the electrical characteristics of
semiconductor devices to be tested (commonly called DUT (device
under test)) by applying a test signal having a predetermined pattern
to the devices have a semiconductor transporting and handling
(processing) apparatus (commonly called handler) integrally
20  connected thereto for transporting semiconductor devices to a test
or testing section where they are brought into electrical contact
with device sockets on that portion which is called test head (a
component of the testing apparatus for supplying and receiving
various types of electrical signals for test) (which will be referred
25  to as test head hereinafter), followed by carrying the tested
semiconductor devices out of the test section and sorting them out

into conforming and non-conforming articles on the basis of the test



wi th device sockets on that portion which is called test head (a conponent
-of the testing apparatus for supplying and receiving various types of

el ectrical signals for test) (which will be referred 25 to as test head
herei'nafter), followed by carrying the tested sem conductor devices out of
the test section and sorting themout +#to conforming and non-conform ng
articles on the basis of the test -2- results. The sem conduct or device
testing apparatus having connected thereto the sem conductor transporting
and handl i ng apparatus of the type described above (which will be referred

to as handl gigsyies e SehfiEBRAUSBPIdeVIEE testiny apparatits Waviihgwi ng 5

di scl osure the present invention wi | be described by taking sem conductor
integrated cidmedted thedtothe sbmitbhdumdrtt@anSﬁbEtihgramddtfardlbngmi ch are

typi cal of sem conductor devices by exanple for the conveni ence of
expl anat i on.apparstust df therntype describedcabave §whick wikdnipe sedernadto as
handler) is herein termed simply "IC tester." In the following
5 disclosure 'the present invention will be described by taking
semiconductor integrated circuits (which will be referred to as iC
hereinafter) which are typical of semiconductor devices by example
for the convenience of explanation.

First, the general construction of one example of the

10 conventional handler called horizontal transporting type will be
briefly described with reference to Fig. 3.

The illustrated handler 60 comprises a loader section 61 for
transferring and reloading ICs to be tested (ICs under test) onto a
test tray 64, a constant temperature chamber 65 containing a soak

15 chamber 66 and a test section 67, an exit chamber 68 (also known as
heat-removal/cold-removal chamber) for removing heat or cold from
tested ICs as carried in on the test tray 64 from the test section 67
subsequently to undergoing a test in the test section 67, and an
unloader section 62 for receiving ICs as carried in on the test tray

20 64 from the exit chamber 68, transferring and reloading them from
the test tray 64 onto a universal (general-purpose) tray (also known
as customer tray) 63.

The soak chamber 66 and test section 67 of the constant
temperature chamber 65 and the exit chamber 68 are arranged in the

25  order named from left to right as viewed in the figure (referred to

as X-axis direction herein) while the loader section 61 and unloader

section 62 are located in front of the constant temperature chamber



10 conventional handler called horizontal transporting type w || be
briefly described with reference to Fig. 3. The illustrated handl er 60
conprises a | oader section 61 for transferring and reloading 1Cs to be
tested (I Cs under test) onto a test tray 64, a constant tenperature chanber
65 containing a soak 15 chanber 66 aneB-a test .section 67, an exit chanber
68 (al so known as heat-renoval /col d-renoval chanber) for renoving heat or
cold fromtested ICs as carried in on the test tray 64 fromthe test
section 67 subsequently to undergoing a test in the test section 67, and an

unl oader sectégr&n@%ﬁr%éﬁ\g@ﬁhﬁ%%;?@ BSreEr ioﬁg?bgeeqnt% feBlvardmbostO

64 fromthe exit cha erring and oading themfromthe test

tray 64 onto ' - hgaYsdctien ROFor stordngt oner
tray) 63. Theﬁ%ttgtkﬂgﬁaﬁé)%r&gg‘gﬁg ?ggfyﬁg{i gn 67 (;f t he constantg

tenperature qhwivieebabtrays 83BT ¢sadedwitieiCS§&cbe tastedgediversaletizys

order naned fromleft to right as viewed in the figure (referred to as
X-axi s di rect638THeaded)with |€staleehdydesteccandisadtedpandremptyruniversah
62 are located in front of the constant tenperature chanber
5  trays 63ET.
The soak chamber 66 of the constant temperature chamber 65 is
designed for imposing temperature stresses of either a
predetermined high or low temperature on ICs under test loaded on a
test tray 64 in the loader section 61 while the test section 67 is
10 designed for executing electrical tests on the ICs under the
predetermined temperature stress imposed in the soak chamber 66.
In order to maintain the ICs loaded with temperature stresses of
either a predetermined high or low temperature in that temperature
during the test, the soak chamber 66 and test section 67 are both
15  contained in the constant temperature chamber 65 capable of
maintaining the interior atmosphere at a predetermined
temperature. |
The test tray 64 is moved in a circulating manner from and back
to the loader section 61 sequentially through the soak chamber 66
20 and the test section 67, the exit chamber 68, and the unloader
section 62. In this path of circuléting travel, there are disposed a
predetermined number of test trays 64 which are successively
moved in the direction as indicated by arrows in the figure.
A test tray 64, loaded with ICs under test from a universal tray
25 63 in the loader section 61, is conveyed from the loader section 61

to the constant temperature chamber 65, and then introduced into

the soak chamber 66 through an inlet port formed in the front wall



-3- 65 and the exit chanber 68. Further, disposed in the forwardnost
.portion of handler 60 is a tray storage section 70 for storing universal
trays 63DT |loaded with ICs to be tested, universal trays 63ST | oaded with

| Cs already tested and sorted, and enpty universal 5 trays 63ET. The soak
chanmber 66 of the constant tenperature ¢hranber 65 is designed for inposing
tenperature stresses of either a predeterm ned high or | ow tenperature on

| Cs under test |oaded on a test tray 64 in the | oader section 61 while the
test section 67 is 10 designed for executing electrical tests on the ICs

under the preffeiiid KoRtahf TRATSE G CIRARbEFBS.CT Hensbik cirmibeh 8B 66.

In order to maintain the oa Wth tenperature stresses of either a

predet er m ne%{)@iagearwlﬂw&@emea] tF&nsporhpietleanismwhichdis iconfigeredso,
t he soak cha r 66 and test section 67 are both 15 contained in the

constant tenpaIFierte pharditty OF (suptS ptest trays H4imdherformtaf a atack
at nosphere at a predeterm ned
with predetermined spacings between adjacent trays. In the
s illustrated example, a test tray newly received from the loader
section 61 is supported on the uppermost tray support stage while
the test tray supported on the lowermost tray support stage is
transported out to the test section 67 which on the left-hand side
(upstream side) in the X-axis direction, adjoins and communicates
10  with the lower portion of the soak chamber 66. It is thus to be
appreciated that test trays 64 are delivered out in the direction
perpendicular to that in which they have been introduced.
The vertical transport mechanism moves test trays supported
on the successive tray support stages sequentially to the respective
15 next vertically (which is referred to as Z-axis direction) downward
tray support stages. ICs being tested are loaded with either a
predetermined high or low temperature stress as the test tray
supported on the uppermost tray support stage is moved sequentially
to the lowermost tray support stage and during a waiting period
20 until the test section 67 is emptied.
In the test section 67 there is located a test head, nof shown.
The test tray 64 which has been carried one by one out of the
constant temperature chamber 65 is placed onto the test head where
a predetermined number of ICs out of the ICs under test loaded on
25  the test tray are brought into electrical contact with device sockets
(not shown) mounted on the test head. Upon completion of the test

on all of the ICs placed on one test tray through the test head, the



tenperature. The test tray 64 is noved in a circul ating manner from and
back to the | oader section 61 sequentially through the soak chanber 66 20 -
and the test section 67, the exit chanber 68, and the unl oader section 62.
In this path of circulating travel, there are di sposed a.predetermnm ned
nunber of test trays 64 which are succedsively noved in the direction as

I ndi cated by arrows in the figure. A test tray 64, |oaded with I Cs under
test froma universal tray 25 63 in the | oader section 61, is conveyed
fromthe | oader section 61 to the constant tenperature chanber 65, and then

ntroduced T ifedy 8y SaR sCERRETed Bo tHPHBht Y WoWhSEreth) ihAHER-aR]g he

front wall constant Tenperature The soak chanber 66

s equipped WitBcfiotPEd thel eXiticidibler B8 e ramhei wisted ICY1bre retié vied
support a pluralrty of (say, 5) test trays 64 in the formof a stack with

pr edet er m neyfSRaSt egcdldt ween adj acent trays. In the 5 illustrated
exanple, a test tray newly received fromthe | oader

Like the soak chamber 66 as described above, the exit chamber
5 68 is also equipped with a vertical transport mechanism adapted to
support a plurality of (say, five) test trays 64 stacked one on
another with predetermined spacings therebetween. In the
illustrated example, a test tray newly received from the test
section 67 is supported on the lowermost tray support stage while
10 the test tray supported on the uppermost tray support stage is
discharged to the unloader section 62. The vertical transport
mechanism moves test trays supported on the successive tray
support stages sequentially to the respective next vertically upward
tray support stages. The tested ICs are relieved of heat or cold to be
15 restored to the outside temperature (room temperature) as the test
tray supported on the lowermost tray support stage is moved
sequentially to the uppermost tray support stage.
Since the IC test is typically conducted on ICs having a desired
temperature stress in a wide range of temperatures from -55°C to
20 +125°C imposed thereon in the soak chamber 66, the exit chamber 68
cools the ICs with forced air down to the room temperature if the
ICs have had a high temperature of, say, about +120°C applied
thereto in the soak chamber 66. If ICs have had a low temperature
of, say, about -30°C applied thereto in the soak chamber 66, the exit
25 chamber 68 heats them with heated air or a heater up to a
temperature at which no condensation occurs. Although test trays

64 constructed of a material capable of withstanding such a wide



section 61 is supported on the uppernost tray support stage while the test
-tray supported on the |owernost tray support stage is transported out to
the test section 67 which on the |left-hand side (upstreamside) in the
X-axis direction, adjoins and conmunicates 10 with the |ower portion of
-the soak chanber 66. It is thus to be afpreciated that test trays 64 are
delivered out in the direction perpendicular to that in which they have
been introduced. The vertical transport nechani sm noves test trays
supported on the successive tray support stages sequentially to the

respective 1angd @l difbihaahias, (A, INGHHIGI Fémreratyredsre wusghy ! on)

downward tray suppor ges. eing t are wth elther” a

predet er m neén’ﬂfbl&?e@ﬁ it 0¥ oAl MotStdqiiredtHdtetiesbst tpay By ted on
t he uppernost tray support stage i s noved sequentially to the | ower nost

tray support cohsgructed dfira naatenial tapabkeofadith@tandinglhighe'lbwast section
67 is enptied. In the test section 67 there is |located a test head, not

shown. The t ¢emperatueds\ifilCls ape tbsted @tr thedoometémperature. of t he
constant tenperature chanber 65 is placed onto the test head where a
pr edet er i ned nuféerdhel lisabuemovalher cold receovakprocessicthetest tray 64
is conveyed in the direction (which is referred to as Y-axis
direction) perpendicular to that in which it has been introduced from
the test section 67 and toward the front of the exit chamber 68 and
is discharged from the exit chamber 68 to the unloader section 62.
10 The unloader section 62 is configured to sort the tested ICs
carried on the test tray 64 by categories based on the data of the
test results and transfer them onto the corresponding universal
trays 63. In this example, the unloader section 62 provides for
stopping the test tray 64 at two positions A and B. The ICs on the
15  test trays 64 stopped at the first position A and the second position
B are sorted out based on the data of the test results and
transferred onto and stored in the universal trays of the
corresponding categories at rest at the universal tray set positions
(stop positions), four universal trays 63a, 63b, 63c and 63d in the
20 example illustrated.

The test tray 64 emptied in the unloader section 62 is delivered
back to the loader section 61 where it is again loaded with ICs being
tested from the universal tray 63 to repeat the same steps of
operation. _ |

25 It should be noted here that the number of universal trays 63

that can be installed at the universal tray set positions in the

unloader section 62 is limited to four by the space available in this



25 the test tray are brought into electrical contact with device sockets
.(not shown) nounted on the test head. Upon conpletion of the test on all of
the ICs placed on one test tray through the test head, the test tray 64
is conveyed to the right (downstrean) in the X-axis direction to the exit
chanber 68 where the tested ICs are reltfved of heat or cold. Like the soak
chanber 66 as descri bed above, the exit chanber 5 68 is al so equi pped
with a vertical transport nechani sm adapted to support a plurality of (say,
five) test trays 64 stacked one on another with predeterm ned spaci ngs

ther ebet ween. i ; PRI estihtp whitl ICsceande from
the test sect?%ér}nbiﬁi glésrt%(}ﬂe:'guon thefef?)% ﬁgst tray support stage while

10 the test darReceipPeal eimeopEfatiGRGs Tmitédaw foppeategorigs.i While
di scharged to the unl oader section 62. The vertical transport nechanism

moves test trgisr eapsgotied wouldgenscbsbesuffigientptocoverdfree
sequentially to the respective next vertically upward :
categories for subclassifying "conforming articles” into high,

5 medium and low response speed elements in addition to one category
allotted to "non-conforming article," in some instances there may be
some among the tested ICs which do not belong to any of these
categ'ories. Should there be found any tested ICs which should be
classified into a category other than the four categories, a universal

10 tray 63 assigned to the additional category should be taken from the
tray storage section 70 and be transported to the universal tray set
position in the unloader section 62 to store the ICs in that universal
tray. In doing that, it would also be needed to fransport any one of
the universal trays positioned in the unloader section 62 to the tray

15 storage section 70 for storage therein.

If the replacement of the universal trays is effected in the
course of the sorting operation, the latter operation would have to
be interrupted during the replacement. For this reason, in this
exampile a buffer section 71 is disposed between the stop positions

20 A and B for the test tray 64 and the locations of the universal trays
63a - 63d. The buffer section 71 is configured to temporarily keep
tested ICs belonging to a category of rare occurrence. The buffer
section 71 may have a capacity of accommodating, say, about twenty
to thirty ICs and be equipped with a memory portion for storing the

25  category of ICs placed in IC storage locations in the buffer section
71. The locations and category of the individual ICs temporarily

kept in the buffer section 71 are thus stored in the memory portion.



tray support stages. The tested ICs are relieved of heat or cold to be 15
restored to the outside tenperature (roomtenperature) as the test tray
supported on the | owernost tray support stage is noved sequentially to the
upper host tray support stage. Since the ICtest is-typically conducted on
| Cs having a desired tenperature stress8rn a w de range of tenperatures
from-55[err]Cto 20 +1 25[err] C inposed thereon in the soak chanber 66,
the exit chanber 68 cools the ICs with forced air down to the room
tenperature if the ICs have had a high tenperature of, say, about +1

20[err]C app'q&@vém&ﬁb%dﬁjr%?ﬁ?kiwwﬂdp&ﬁthé buffer kectidnd labeing

tenperature of, say, about C applied thereto in the soak chanber

66, the exit fifed WiEWWES, BSunRArsal heay dritieeategory torwhidteaherlGep to a

tenperature at which no condensation occurs. Although test trays 64
constructed dfepr imetiee haiffengactiorobelond s avatiried fnom theittay staragge of

tenperatures, that is, high/low tenperatures are usually enployed, it is,
of course, nseatéoni7#@dotthe unloaderssectiop 82 tecreceive the 1Cs. ¥ should
5  be noted that ICs temporarily kept in the buffer section 71 may be
scattered over a plurality of categories. In that case, it would be
required to transport as many universal trays as the number of
categories at a time from the tray storage section 70 to the
unloader section 62.

10 An X-Y transport (not shown) equipped with a movable head
(which is known in the art concerned as pick-place head) is used to
transfer ICs under test from the universal tray 63 at a standstill at
the universal tray set positions (stop positions) to the
corresponding test trays. The IC pick-up pad (IC grasping member)

15  mounted on the bottom surface of this movable head is brought into |
abutment with an IC placed on the universal tray 63 to attract and
grasp it by vacuum suction for transfer from the universal tray 63
to the test tray 64. An X-Y transport of similar construction is used
also to transfer tested ICs from the test trays 64 to the universal

20  trays 63 in the unloader section 62. The movable head is usually
provided with a plurality of, say, eight pick-up pads so that eight
ICs at a time may be transferred between universal and test trays.

Although not shown, a tray transport is disposed above the tray
storage section 70. In the loader selction 61, the tray transport

25 conveys a universal tray 63DT loaded with ICs to be tested from the

tray storage section 70 to the universal tray set position (where ICs

to be tested are to be transferred to a test tray). An emptied



constructed of a material capable of w thstanding high/low tenperatures if
1Cs are tested at the roomtenperature. 5 After the heat renoval or
cold renoval process, the test tray 64 is conveyed in the direction (which
is referred to as Y-axis direction) perpendicular to that in which it has
been introduced fromthe test section 6#-and toward the front of the exit
chanber 68 and is discharged fromthe exit chanber 68 to the unl oader
section 62. 10 The unl oader section 62 is configured to sort the
tested 1Cs carried on the test tray 64 by categories based on the data of

t he test | ; ial t ' ' t
© test resWhR AR A9S s dieaNCa diddRrARREA OBt Yastally!tifyS

63. In this e’ unl oader sectio rovi des for stopping fhe test

tray 64 at twWodRttbhivwRerd emgtyBunihersdistralys BSETSard ssdrédRyEilkewise@pned
at the first position A and the second position B are sorted out based on

the data of ttife Uaidaderssettion 2, thesaforesdidirayaransporeconveys:
uni versal trays of the corresponding categories at rest at the universal

tray set posiunhiversattovpypasf thevariotis categories fitomr the téay stesage63c and
63d in the 20 exanple illustrated. The test tray 64 enptied in the
unl oader %ectsmtieznm'i)e t=the @orpesponding universal tray set positions (where
the universal trays are to receive tested ICs from the test trays 64).
Once one universal tray 63 has been fully filled, it is stored at a
predetermined location in the tray storage section 70 while an
empty universal tray 63ET is transported from the tray storage
10  section 70 to the universal tray set position by the tray transport.
Further, in the Ioadér section 61, a position corrector 69 for
correcting the orientation or position of an IC called "preciser” is
located between the universal tray set position and the stop position
for the test tray 64. The IC position corrector or preciser 69
15 includes relatively deep recesses into which ICs are allowed to féll
down prior to being transferred from the universal tray to the test
tray 64. The recesses are each bounded by slanted side walls which
prescribe for the depth to which the ICs drop into the recesses.
Once eight -ICs have been positioned relative to each other by the
20 preciser 69, those accurately positioned ICs are again grasped by the
movable head and transferred to the test tray 64. The universal tray
63 is provided with recesses for holding ICs which are oversized as
compared to the size of ICs, resulting in wide variations in positions
of ICs stored in the universal tray 63. Consequently, if the ICs as
25 such were grasped by the movable head and transferred directly to
the test tray 64, there might be some of them which could not be

successfully deposited into the IC storage recesses in the test tray



back to the | oader section 61 where it is again |oaded with ICs being
tested fromthe universal tray 63 to repeat the sane steps of operation. 25
It should be noted here that the nunber of universal trays 63 that can be
installed at the universal tray set positions in the unloader section 62 is
limited to four by the space available-10r this -7- exanple. Hence, the
nunber of categories into which ICs can be sorted in real tine operation is
limted to four categories. Wile four categories would generally be
sufficient to cover three categories for subclassifying "conformng

articles” | mea.“*rlal'i's i§ the PEAsHR F8F reqUiFingPehes preeeser 60ewdith actsatioli tion

to one category allotted to "non-conformng article,” in some instances
there may be avpa% 188049 adterateheds!the afrayhof theolC seorage recesgesfint these

categories. Should there be found any tested I Cs which should be classified
into a categaegtdiragré4han the four categories, a universal
In the IC tester having connected therewith the handler of the
5 construction as described above, it is seen from Fig. 4 that a test
head 81 which is mounted in the test section 67 of the handler 60 is
constructed separately from the IC tester proper 80 (called main
frame in the art concerned) in which there are accommodated
primary electric and electronic circuits, power sources, etc. The
10  connection between the IC tester proper 80 and the test head 81 is
established by means of a signal transmission line 82 such as a
cable, for example. The test head 81 contains therein a measuring
circuit (including drivers, comparators and others) and has a
performance board, not shown, mounted on the top thereof. On this
15 performance board there are mounted a predetermined number of
device sockets (which are |C sockets as semiconductor devices to be
tested are ICs).
As is apparent from Fig. 4, the test head 81 is mounted on the
bottom of the test section 67 of the handler 60 (the bottom of the
20 constant temperature chamber of the handler in this example) such
that the IC sockets of the test head 81 are exposed to the interior of
the test section 67 of the handler 60 through an opening formed in
the bottom of the test section 67. This arrangement requires a
positioner for moving the test head 81 up and down in the Z-axis
25 direction (vertically) and holding it in position.
As is well known in the art, the numbel; of ICs which can be

simultaneously tested in the test section 67 depends on the number



|0 tray 63 assigned to the additional category should be taken fromthe
tray storage section 70 and be transported to the universal tray set
position in the unl oader section 62 to store the ICs in that universal
tray. In doing that, it would also be needed to transport any one of the
uni versal trays positioned in the unl oaddr section 62 to the tray 15
storage section 70 for storage therein. If the replacenent of the universal
trays is effected in the course of the sorting operation, the latter
operation would have to be interrupted during the replacenent. For this

reason, | n ! rofI@suuNetswhith darsBe heiinted b tHe O3 HeRRISPCTn!ldt ethtOP

positions 20 A and B for the test tray ocations o

uni versal traysafs3ahereJtas beentwhket forcin an |ﬁéré§séQﬁfm§bﬁ'b@i‘ dfICs

tenporarily keep tested ICs belonging to a category of rare occurrence. The

buf f er secti oahidh rean besémaltameously tésted inthéatésusestion about twenty
to thirty 1Cs and be equipped with a nenory portion for storing the 25

category of I{&multareous measurement! thraughpsitiin nimberfdfeiCseirt Ban 71.
The | ocations and category of the individual ICs tenporarily kept in the
buf fer séct i AEIPMMPE sotenhianaecthel utilizatiarenatio pbthedC tester, leading to
an increase in number of IC sockets mounted on the test head,
resulting necessarily in an enlarged test head. Consequently, there
is a tendency for the test head to increase in weight. By way of
example, there are such a heavy test head that weighs up to 300 kg.
10 Besides, test heads are exchanged for others in accordance with the
type of ICs to be tested, the contents of the test, the size of test
trays used, and others. In consideration of the need for maintenance
services, as well, it is preferable that the test head be easy to be
removed.
15 In this regard, the test head is mounted by means of a fixture
(which is called Hi-fix base or test fixture in the art'concerned) in
'the test section 67 of the handler. Accordingly, when the test head
is mounted in the test section, the procedures are taken which
involve transporting such heavy test head from behind the handler to
20 a predetermined position below the test section, from that position
moving the test head vertically upwardly to a predetermined
elevation and holding it in position, and then mounting the fixture in
the test section.
A jack mechanism has been conventionally used as a positioner
25 for moving a heavyweight test head from a position below the test

section vertically upwardly toa predetermined elevation and holding

it in position. This type of jack mechanism heretofore in use will be



-8- Between the sorting operations or upon the buffer section 71 being
filled wth ICs, a universal tray for the category to which the 1Cs kept in
the buffer section belong is carried fromthe tray storage section 70 to

t he unl oader section 62 to receive the 1Cs. It should 5 be noted that ICs
temporarily kept in the buffer section <12-nay be scattered over a plurality
of categories. In that case, it wuld be required to transport as many

uni versal trays as the nunber of categories at a tine fromthe tray storage
section 70 to the unl oader section 62. 10 An X-Y transport (not

shown) equi p%@sdﬂibéd%%wmﬁhh?%rré%% F§q§.”5"§hdf g.the art concerned as

pi ck-place head) is used to tran under test fromthe universal tray

63 at a standstilfjgats ida side/9ieR!illustratiig pe geArallGoRstrRLidn &fdnd O
the corresponding test trays. The I C pick-up pad (I C graspi ng nenber) 15
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heavy test head vertically upwardly and downwardly. As noted
5  above, on the top of the test head there is usually mounted a

performance board on the top of which there are mounted a
predetermined number of IC sockets which are in turn attached to
the test section. However, the test head is shown merely as a block
81 in Fig. 5 since it is intended to illustrate the jack mechanism 10

10  for the test head. It is to be noted that although only one side of the
test head 81 is shown in Fig. 5, another jack mechanism of an
identical construction is provided on the opposite side of the test
head.

The illustrated jack mechanism 10 includes two screw pairs

15  comprising a long lead screw (externally threaded screw in this
example) 11 horizontally (left-to-right direction in the figure)
extending along the lower end edge on one lateral side of the test
head 81 at a predetermined elevation below the bottom surface of
the test head 81 and two movable screw members 12A and 12B

20 spaced apart from each other by a predetermined distance and having
threads (internal threads in this exarﬁple) therein in threaded
engagement with the lead screw 11. |

The movable screw members 12A and 12B of these two screw -

pairs may each comprise a ball screw (having a steel ball received in

25  aspiral groove defined between opposed external and internal
threads), for example. The movable screw members 12A and 12B are

reciprocally moved along the lead screw 11 in the direction



grésp It by vacuum suction for transfer fromthe universal tray 63 to the

‘test tray 64. An X-Y transport of simlar construction is used also to
transfer tested 1Cs fromthe test trays 64 to the universal 20 trays 63
t he unl oader section 62. The novable head is usually provided with a
plurality of, say, eight pick-up pads sd3that eight ICs at a time nay be
transferred between universal and test trays. Al though not shown, a tray
transport is disposed above the tray storage section 70. In the | oader
section 61, the tray transport 25 conveys a universal tray 63DT | oaded

with ICs to bpdieated by aarhew 19vinstivs fitsureeahtithe/ Sppositecdireictivnal

tray set position (whefe I1Cs to be tested are to be transferred to a test

tray). An enpdépehdinglon tiedirettion 68 rotation of the lead sciedwr 1l rabibut its
position (usually the |ocation where enpty universal trays 63ET are

in

stored). Li kevwseaxis. timeplarteastperpendicuiaély, (inha difection passing theoughr t

conveys universal trays of the various categories fromthe tray storage 5

section 70 t dthenplang pédhendrayingiofdrigald)tinathe peripheralonall of
5  movable screw members 12A and 12B adjacent their tops are studs
13A and 13B, respectively with one ends protruding outwardly.

The jack mechanism 10 further includes two connecting studs |
14A and 14B spaced apart from each other by a predetermined
distance in the direction of extension of the lead screw 11 and

10 implanted into a generally rectangular movable support block 21 at
substantially the same elevation so as to protrude perpendicularly
outwardly, the movable support block 21 being attached to the side
wall of the test head 81; two fixed studs 15A and 158 spaced apart

from each other by a predetermined distance in the direction of

15 extension of the lead screw 11 and implanted into a support member,

not shown, at substantially the same elevation (a position somewhat
below the movable support block 21 in this example) so as to
protrude perpendicularly outwardly toward the test head, the
support member being disposed at a predetermin.ed spacing

20  outwardly from and in opposition to the lead screw 11; two drive
arms 16A and 16B pivotally connected at one ends to the studs 13A
and 13B (which will be referred to as first fixed studs hereinafter)
fixed to the movable screw members 12A and 12B, respectively and
pivotally connected at the other ends to the connecting studs 14A

25 and 14B, respectively, of the movable support block 21; two driven
arms 18A and 18B pivotally connected at one ends to the studs 15A

and 15B (which will be referred to as second fixed studs



the universal trays are to receive tested ICs fromthe test trays 64). Once
‘one uni versal tray 63 has been fully filled, it is stored at a
predeterm ned location in the tray storage section 70 while an enpty

uni versal tray 63ET is transported fromthe tray storage 10 section 70 to
the universal tray set position by the-ﬂ4ay transport. Further, in the

| oader section 61, a position corrector 69 for correcting the orientation
or position of an IC called "preciser"” is |ocated between the universal
tray set position and the stop position for the test tray 64. The IC

position cor eredafterd) PESHEELIVRIY Fixed ToUERS sUppairt YRebESRNDEgRADTES

into which I1Cs are allowed to fall” down prior to being transferred fromthe

uni versal trastuds 17A drdt 7B piv6tally onmexting ther corraspobding eltivey
sl anted side walls which prescribe f%r t he depth to whi CE the 1Cs drop into

t he recesses.aronsand ditivenGarrmavgemnerallyasitheomiddiepdints inbermeldiatéer by
the 20 preci ser 69, those accurately positioned |ICs are again grasped by
the movabl e H&RIr SRPasiteéiendsred to the test tray 64. The universal tray 63

to [he sie of I GSCHTERI AR RIPUHEING Srod Homother RIKls phIOEATIVED ot or ed
'n the univerahs Wak aba 188 Yoward thé tedt hdsd 8T afe slide studs 22A and |
22B, respectively' which are received in horizontally elongated slots
23A and 23B, respectively formed in the movable support block 21 at
corresponding positions such that the slide studs 22A and 22B will
10 slidingly move in the elongated slots 23A and 23B as the driven
arms 18A and 18B are pivotted.

The support member disposed in opposition to the lead screw 11
may be directly secured to a supporting base 5 (which is, in this
example, an installation surface on which the handler is installed)

15 or alternatively the frame of the handler may be utilized as the
support member.

It is to be noted that the second fixed studs 15A and 15B may be
fixed to separate support members (two members in this example),
respectively secured to the supporting base 5. The pivot studs 17A

20  and 17B may be fixed to either of the corresponding drive arms and
the driven arms.

The lead screw 11 is rotatably journaled by a plurality of
supports, not shown, secured to the supporting base 5, and is
connected at one end through a coupling 25 and a reduction gear 26

25  with the rotary output shaft of a motor 27 which is also secured to
the supporting base 5. On the other hand, the movable screw

members 12A, 12B are slidably supported on a guide rail, not shown,



25 such were grasped by the novable head and transferred directly to the
test tray 64, there mght be sone of them which could not be successfully
deposited into the IC storage recesses in the test tray -10- 64. This is
the reason for requiring the preciser 69 which acts to array ICs as
accurately as the array of the IC storagthrecesses in the test tray 64. In
the 1C tester having connected therewith the handler of the 5

construction as described above, it is seen fromFig. 4 that a test head 81
which is mounted in the test section 67 of the handler 60 is constructed

separat el y {1 gy ki 1HesLappBIARY b8k 6:8 kAY SUPKLASAHE the 166d Fcrew

concerned) in ere are acco primar ectric and el ectronic

circuits, powsn éﬁﬂre@&éndﬁﬁagmEﬁanr&tuoﬁ%aﬁgttmléﬁ weeaw hq.! C tester
proper 80 and the test head 81 is established by neans of a signal

transmi ssion |ineThe drvenasrmsch®A¢.1 8B havesutstantiallyethe bame 8hape and
contains therein a neasuri ng
size as the drive arms 16A, 16B and are coupled by the
5  corresponding pivot studs 17A, 17B to the drive arms 16A, 16B in
the form of an X figure. Accofdingly, rotating the lead screw 11in a
clockwise (forward) direction, for example moves the two movable
screw members 12A, 12B toward the fixed studs 15A, 15B in a.
direction indicated by the arrow 19 in the figure to thereby move the
10 drive arms 16A, 16B from the position shown toward a vertical
position, so that the driven arms 18A, 18B are moved from the
position shown toward a vertical position as they are moved upward.
Consequently, the movable support block 21 is moved upwardly in a
vertical direction indicated by an arrow 20 in the drawing, and hence
15 the test head 81 attached to the movable supbort block 21 is also
moved vertically upwardly.

In the initial position illustrated in Fig. 5, the arrangement is
such that the central axes of the first fixed studs 13A, 13B of the
movable screw members 12A, 12B and of the second fixed studs

20 15A, 15B of the support member disposed in opposition to the lead
screw 11 lie at substantially the same elevation (in the same
horizontal plane), that the central axes of the connecting stud 14A |
of the movable support block 21 and of the second fixed stud 15A of
the support member disposed in opposition to the lead screw 11 lie

25 in substantially the same vertical plane, and that the central axes of
the connecting stud 14B of the movable support block 21 and of the

second fixed stud 15B of the support member disposed in opposition



circuit (including drivers, conparators and others) and has a performance
‘board, not shown, nounted on the top thereof. On this 15 per f ormance
board there are nounted a predeterm ned nunber of device sockets (which are
| C sockets as sem conductor devices to be tested are I1Cs). As is apparent
fromFig. 4, the test head 81 is nounted®on the bottom of the test section
67 of the handler 60 (the bottom of the 20 const ant tenperature chanber
of the handler in this exanple) such that the I C sockets of the test head
81 are exposed to the interior of the test section 67 of the handler 60

through an opgntig léad setew TNHebii 50Bsthntidlly the suinkivertidal Phare

arrangenent requires a positioner for noving the test head 81 up and down

in the Z-axi Héweved] tieetarpanggedntcia hgt linit e tdithati illustraeediion. As is
well known in the art, the nunber of ICs which can be sinultaneously tested

in the test sectiSinceraggreemdiyorectangulavemovabté sugpert ldbekvdricth jagk be
mounted on -t hr(raletcehsétnishr(raiagf grl'{idle?itrigglegénstruction are provided also on the
5 opposite side of the test head 81, the test head 81 is supported at a
predetermined elevation above the supporting base 5 by a pair of
movable support blocks and jack mechanisms (lead screws, movable
screw members, drive arms and driven arms) disposed on the
opposite sides of the test head 81, as shown. In some instances the
10 supporting base 5 may comprise a frame of the handler.
The operation of the jack mechanism 10 constructed as
discussed above will now be described below.
First, the test head 81 is transported to a predetermined
position below the test section of the handler, and the movable
15 support blocks 21 are attached to the test head 81 on its opposite
side walls. At this point, the jack mechanism 10 is in the initial
position illustrated in Fig. 5. The motor is then driven to rotate the
lead screw 11 in a clockwise direction in this example, whereby the
movable screw members 12A, 12B in the position shown in Fig. 5 are
20 moved in a direction indicated by the arrow 19 in the drawing, so
that the one ends of _the drive arms 16A, 16B pivotally supported by
the first fixed studs 13A, 13B of the movable screw members 12A,
12B are moved gradually toward the second fixed studs 15A, 15B,
reSpectiver. As a result, since the driven arms 18A, 18B are
25 pivotally supported at one ends by the second fixed studs 15A, 158,

respectively, the drive arms 16A, 16B are pivoted

(counterclockwise) about the pivot studs 17A, 17B toward a vertical



years, there has been a need for in an increase in nunber of ICs which can
.be simultaneously tested in the test section (sinultaneous neasurenent

t hroughput in nunber of I1Cs) in an 5 attenpt to enhance the utilization
ratio of the IC tester, leading to an ingrease in nunber.of |IC sockets
mounted on the test head, resulting necé arily in an enlarged test head.
Consequently, there is a tendency for the test head to increase in weight.
By way of exanple, there are such a heavy test head that weighs up to 300
kg. 10 Besi des, test heads are exchanged for others in accordance wth

the type of Igsitionito thereby Itfftem@rd&fﬁei:tm%tshadseMA anck 141 seotired o
trays used, and others. In consideration of the need for maintenance

services, as thelfoviable supporerdock 2 happwardlyesCoheatrentlyathetpivosal
removed. 15 In this regard, the test head is mounted by neans of a
fixture (whi chovemenitl afithe -drive 2rses d6Aec36B taward the vaetigal RafE@Med)

in the test section 67 of the handler. Accotdinglg,éﬁpen ghelisst head is
mount ed in t MBovestthedeiviadrstuds 1d A ctiBrekliauelyt sedhe ot gipyaraly,

br odet or i nedSboheTaRy SansRs The JEYENBETSohBAy 1l e POGathn
' (clockwise) about the second fixed studs 15A, 15B toward a vertical
position. As aresult, a drive force is produced to move the
C6nnectihg studs 14A and 14B of the movable support block 21
upwardly in a vertical direction indicated by the arrow 20 in the
10 drawing. Consequently, the movable support block 21 is moved
upwardly in a vertical direction indicated by the arrow 20, and hence
the test head 81 attached to the movable support block 21 is
concurrently moved vertically upwardly.
It is thus to be appreciated that by rotating the lead screw 11
15 by means of the motor 27, the test head 81 is gradually raised
vertically to a predetermined elevation as it is precisely positioned
with respect to the test section of the handler. Upon the test head
reaching that elevation, the motor 27 is deactuated to hold the test
head 81 at that elevation. In this state, the test head 81 is mounted
20 in place to the test section of the handler by means of a fixture such
as a Hi-fix base such that the IC sockets mounted on the test head
81 are exposed in the interior of the test section.
When the test head 81 is to be lowered, the fixture is
disconnected from the test section of the handler prior to rotating
25  the lead screw 11 by means of the motor 27 in a counterclockwise
direction in this example. It will be obvious that this will move the

two movable screw members 12A, 12B in a direction opposite from



noving the test head vertically upwardly to a predeterm ned el evati on and
~holding it in position, and then nounting the fixture in the test section.
A jack nmechani sm has been conventionally used as a positioner 25 for
novi ng a heavywei ght test head froma position below the test section
vertically upwardly to a predetermn ned-H-evation and holding it in
position. This type of jack nechani sm heretofore in use will be -12-
described below with reference to Figs. 5 and 6. Fig. 5is a side view
illustrating the general construction of one exanple of the prior art jack

Techani sm f oghPYRaR:atetPhytheeh i dW A9 toXherBBgdovest theltestuvad @1y tond

downwardly. As note ove, on the top of the test head there is
usual Iy nountge iaiﬂ@lfmmrmesh@wmmm%hs,mﬂ 196 fuhttoér Ehﬁta\aalrienrwmm ed a

predet er mi ned nunber of |1C sockets which are in turn attached to the test
section. Howbeatecédwaryest head is shown nerely as a bl ock
Fig. 6 is a front view illustrating the general construction of an
5 example of the prior art jack mechanism for moving a relatively less
heavy test head vertically upwardly and downwardly. This jack
mechanism is configured to be moved up and down by hand. As the
representation of Fig. 6 is intended primarily to illustrate the jack
mechanism 10 for the test head, the test head is shown merely as a
10  block 81. It is also to be noted that as in Fig. 6 the test head 81 is
. seen from the front, the left and right sides as viewed ih the figure
of the test head are opposed lateral side walls (although Fig. 6
would be a rear view if the test head is looked at from the front of
the IC tester, it is said here to be a front view because the test head
15 is the subject of the present invention).
Theillu‘stratéd jack mechanism 30 includes a small diameter
sprocket 32 rotatably supported on a supporting base 5 at a
predetermined elevation below the bottom surface of the test head
81 generally in the center thereof, and two large diameter sprockets
20 33A and 33B spaced apart from each other by a predetermined
distance and disposed in opposed relation on opposite sides of the
small diameter sprocket 32. These two large diameter sprockets
33A and 33B are rotatably supported on the supporting base 5
somewhat outwardly of the side walls of the test head 81.
25 The small diameter sprocket 32 has a handle 31 coaxially
secured thereto, and the small diameter sprocket 32 and the two

large diameter sprockets 33A, 33B are drivingly connected by a



81 in Fig. 5since it is intended to illustrate the jack nechanism 10 10
.for the test head. It is to be noted that although only one side of the
test head 81 is shown in Fig. 5, another jack nechani smof an identi cal
construction is provided on the opposite side of the test head. The

il lustrated jack mechani sm 10 incl udes 18 screw pairs 15 conprising a

|l ong | ead screw (externally threaded screw in this exanple) 11 horizontally
(left-to-right direction in the figure) extending along the | ower end edge
on one lateral side of the test head 81 at a predeterm ned el evati on bel ow

the bottom S%Héiﬁ%ﬁgtrbhﬁ‘e&@tﬁbréél%hlﬂ 4 Hi v a0y ableesize andmarnbes of 2A

and 1 2B 2 0 spaced apart from each other by a predeterm ned di stance and

havi ng t hr eadge4r féefH@f thaseagorockdty 32¢33Whaer 3 BBrariepreselectadesuch
engagenment with the | ead screw 11. The novabl e screw nenbers 1 2A and 1 2B

of these two tvateas thier smal) dianietesrspriookes 32lis rotatedmanuallyabytzerip
ball received in 25 a spiral groove defined between opposed exkern nd
i nternal threddib)affixeddoatipe bandie Jthe tweclasgendiammesen spRosKEts are

reci procal | noved al ong the | ead scre 1jin the direction
g 5 Y 33B are rotagted through the c a]in é4 at the same speed, but at a

speed considerably slower than the rotational speed of the small
‘diameter sprocket 32. o
The large diameter sprockets 33A, 33B have first bevel gears
35A and 35B, respectively coaxially secured thereto for rotation in
10 unison with the sprockets 33A, 33B. Disposed at approximately
right angles to and meshed with the first bevel gears 35A and 358
are second bevel gears 36A and 36B, respectively, which are secured
to the lower ends of vertically extending lead écrews (externally
threaded in this example) 37A and 37B, respectively. These lead
15 screws 37A and 37B are rotatably supported on either the supporting
base 5 or a frame of the handler and are in threaded engagement
with threaded members 38A and 38B, respectively attached to the
side walls of the test head 81 generally in the middle of the
"horizontal dimension. These threaded members 38A and 38B may
20 each comprise a ball screw, for example having internal threads
therein in mesh with the lead screws 37A and 37B. Accordingly,
rotation of the first bevel gears 35A and 35B will rotate the
threadedly associated second bevel gears 36A and 36B in unison
with which the lead screws 37A and 37B are rotated to move the
25  threaded members 38A and 38B vertically. '
Next, the opefation of the jack mechanism 30 constructed as

di_scussed above will be described.



-13- indicated by an arrow 19 in the figure and the opposite direction
.depending on the direction of rotation of the |ead screw 11 about its own
axis. Inplanted perpendicularly (in a direction passing through the plane
of the drawing of Fig. 5) in the peripheral wall of the 5 novabl e screw
menbers 1 2A and 1 2B adj acent their te# are studs 1 3A and 1 3B,
respectively with one ends protruding outwardly. The jack mechani sm 10
further includes two connecting studs 1 4A and 1 4B spaced apart from each
other by a predeterm ned distance in the direction of extension of the |ead

screw 11 and 10 pifpd afe et Heall SPNS! eHahspostéditaud predevertnined ppor t
al'l'y

bl ock 21 at substanti e sane elevation so as to protrude

per pendi cul ardgsitidrBeOW. tHe te 5P vaklors b thiet hdhdidr, ahdothengheeadeded to
the side wall' of the test head 81; two fixed studs 1 5A and 1 5B spaced

apart from eanbniddrer38A and38B aee rttached toathe test headdBl @ itth of 15
extension of the lead screw 11 and inplanted into a support
opposite side walls. At th

is point, the jack mechanlsmmégbi%r in the
5 initial position illustrated in Fig. 6. Then, the operator rotates the
handle 31 by means of the grip 31H in a clockwise direction in this
example to thereby rotate the small diameter sprocket 32 in a
clockwise direction. The two large diameter sprockets 33A, 33B are
thus rotated clockwise through the chain 34 at the same speed but

10  at a speed considerably slower than the rotational speed of the
sméll diameter sproéket 32, so that the first bevel gears 35A and
35B fixed to the sprockets 33A, 33B are rotated clockwise to cause
the second bevel gears 36A and 36B in mesh with the first bevel
gears 35A and 35B to be rotated counterclockwise.

15 In this example, the arrangement is such that counterclo_ckwise
rotation of the lead screws 37A and 37B will cause vertically
upward movement of the threaded members 38A and 38B while
clockwise rotation of the lead screws 37A and 37B will cause
vertically downward movement of the threaded members 38A and

20 38B. The test head 81 is thus moved upwardly as shown by an arrow
39 in the figure by the upward movement of the threaded members
38A and 38B. It will thus be appreciated the test head 81 may be
raised vertically to a predetermined elevation as it is precisely
positioned with respect to the test section of the handler. Upon the

25 test head reaching that elevation, the rotation of the handle 31 is
ceased to hold the test head 81 at that elevation. In this state, the

test head 81 is mounted in place to the test section of the handler



not shown, at substantially the sane el evation (a position somewhat bel ow
the novabl e support block 21 in this exanple) so as to protrude

perpendi cularly outwardly toward the test head, the support nenber being
di sposed at a predeterm ned spacing 2 0 outwardly fromand in opposition
to the lead screw 1 1; two drive arns 122dA and 1 6B pivotally connected at
one ends to the studs 1 3A and 13B (which will be referred to as first
fixed studs hereinafter) fixed to the novable screw nenbers 1 2A and 1 2B
respectively and pivotally connected at the other ends to the connecting

studs 1 4A 250)@&?%%#?‘?&???&%@ &h bs 2HIL PR Basadcts vhaothelidsbeRéts t wo

driven arns plvota y connected at one ends to the studs 15A

and 15B (whi chointedh fﬁ‘é Q@s@‘héa&i 89 ses expobeddd theliisterioriof the test
herei nafter), respectively fixed to the support nenber; and pivot studs 1

7A and 1 7B pse@tighl y connecting the correspondi ng dr|ve arnms and driven
arns generally at the mddle points internediate
When the test head 81 is to be lowered, the fixture is
5  disconnected from the test section of the handler prior to rotating
the handle 31 counterclockwise this time to rotate the lead screws
37A and 37B in a clockwise direction. It is evident that this will
move the two threaded members 38A and 38B vertically downwardly
to thereby lower the test head 81 to the initial position shown in
10 Fig. 6, and further descriptions are omitted.
The jack mechanism 10 as described above with reference to
Fig. 5 would be attended with no problem in terms of the driving
force and speed of vertical motion of the test head since it is
configured to move the test head vertically by the use of the motor
15 27. However, a circuit for controlling the motor is required. In
addition to, it is required from a viewpoint of securing safety to
accurately grasp the mutual positional relation between the jack
mechanism 10 and the test section of the handier to which the test
head 81 is to be coupled, hence requiring communication means for
20  that purpose. Further, it is necessary to make arrangements for
preventing the test head 81 from falling in the event of accidental
failure of power source.
In contrast, the jack mechanism 30 described with reference to
Fig. 6 would require no control circuit, since it is configured to
25 permit the test head 81 to be moved vertically by hand by connecting
the small diameter sprocket 32 and the large diameter sprockets

33A, 33B through the chain 34 to augment the rotary driving force by



their opposite ends.. 5 Secured to and protruding fromthe other ends
.of the driven arnms 18A and 1 8B toward the test head 81 are slide studs 22A
and 22B, respectively which are received in horizontally el ongated slots
23A and 23B, respectively forned in the novabl e support block 21 at
correspondi ng positions such that the sRde studs 22A and 22B will 10
slidingly nove in the elongated slots 23A and 23B as the driven arns 1 8A
and 1 8B are pivotted. The support menber di sposed in opposition to the
"l ead screw 11 may be directly secured to a supporting base 5 (which is, in

this exanpl e,t@yh?ﬂgi?kh?éﬁ%? atsﬂgéeatg?eeﬂcwngthWE\FErr,ldinBindreaisnsitml led) 15

or alternative rame ndl er nmay be utilized as the support

menber. It | Swefghe ofaitédehealig peeadd 1o ysbrsespondirprinereases the be

fixed to separate support nenbers (two nmenbers in this exanmple), .
respectivel y faied pdqlivetined manmuvémthéhaadie. Additionally; there ara 20 and

1 7B may be fixed to either of the corresponding drive arns and the driven
arms. The | eadasousvdifficuslties avith yhe coaneuyersbilitypinglHoing
5 limitation on the speed of rotation of the handle 31 due to the
manual operation and the slow speed of the vertical movements of
the test head 81 due to the speed reduction required to provide an

increase in the rotary driving force.

10  SUMMARY OF THE INVENTION .

An object of the present invention is to provide a hand-operated
test head positioning apparatus for positioning the test head of a
semiconductor device testing apparatus which is easy to operate,
highly safe in operation, and yet inexpensive to manufacture.

15 Another object of the present invention is to provide a test head
positioning apparatus for positioning the test head of a
semiconductor device testing apparatus which is hand-operated, but
capable of easily moving a heavyweight test head upwardly and
downwardly.

20 In order to accomplish the foregoing objects, according to a
first aspect of the present invention, in a semiconductor device
testing apparatus of the type in which semiconductor devices are
transported to a test section where the semiconductor devices are
subjected to testing and after completion of the testing, are carried

25  out of the test section to a predetermined location, a test head
positioning apparatus for use to move test head for applying a test

signal having a predetermined pattern to the semiconductor devices



supports, not shown, secured to the supporting base 5, and is connected at
one end through a coupling 25 and a reduction gear 26 25 with the rotary
out put shaft of a notor 27 which is also secured to the supporting base 5. -
On the other hand, the novable screw nenbers 1 2A, 1 2B are slidably
supported on a guide rail, not shown, -23-15- secured to the supporting
base 5 or the supports for the | ead screw 11 and extending in a direction
along the |l ead screw 11. The driven arns 1 8A, 1 8B have substantially the
sanme shape and size as the drive arms 1 6A, 1 6B and are coupled by the 5

cor r espondi ngypiryialhy upwardip. td anB dewneardily ieom mEpledétermdd t he

formof an X figure. Accordingly, rotating the | ead screw 11 in a cl ockw se
(forward) direbdvationfior tike aest sevtien dfithe testimgabppasatuesii siprowided, 2A,
1 2B toward the fixed studs 15A, 1 5B in a direction indicated by the arrow
19 in the figthe testthead ppsiticaingapparatusicamariaing: eauntesiza rt he
position Shomméaor\ml\éarhgv?ng\;/%rctiiri(\:/?rllg force approximately equivalent to the weight
5 of the test head; and hand-operated jack mechanism means for
moving the test head vertically upwardly and downwardly.

The counterbalancer means is installed at at least two opposed
positions of the test head and the sum of driving forces of these
counterbalancer means is set at a level approximately equivalent to

10  the weight of the test head. As the counterbalancer means, an air
cylinder, a hydraulic cyllinder or an oil spring may be used.

The hand-operated jack mechanism means is disposed on each of
the opposite side walls of the test head, the arrangement being such
that by an operator manually operating.one of the two jack

15 . mechanism means, the two jack mechanism means are
simultaneously operated to move the test head vertically upwardly
and downwardly.

Each of the counterbalancer means includes a lead screw
generally horizontally extending and rotatably supported, at least

20 one movable screw member in threaded engagement with the lead
screw, and a drive arm pivotally connected at one end to the movable
screw member and operative to move the test head vertically
‘upwardly and downwardly as the movable screw member is moved
along the lead screw.:

25 The lead screws of the jack mechanism means are coupled
together by sprockets secured to the respective lead screws and a

chain extending between and connecting the sprockets so as to be



position, so that the driven arns 1 8A, 1 8B are noved fromthe position
-shown toward a vertical position as they are noved upward. Consequently,

t he novabl e support block 21 is noved upwardly in a vertical direction

i ndi cated by an arrow 20 in the drawi ng, and hence 15 the test head 81
attached to the novabl e support bl ock “&&-is al so noved vertically upwardly.
In the initial position illustrated in Fig. 5, the arrangenent is such that
the central axes of the first fixed studs 1 3A, 1 3B of the novabl e screw
menbers 1 2A, 1 2B and of the second fixed studs 20 15A, 15B of the

support nembgimditapeuisslyrotarediihi tHe sanid diredohdmdvat apprdximately

substantially the sane elevation (in the sane horizontal plane), that™ the

central axestigd shhfe epeedsantdd hlandld i$A @axially oorabtted directlybtoeke2l

and of the second fixed stud 15A of the support nenber disposed in

opposi ti on tleadscrewdof onevoflthéijackomechanidwt means. |y the sane verti cal
pl ane, and that the central axes of the connecting stud 1 4B of the novable
support bl ock 21Thedeafl s¢rewsafnthe jack mechaniBnaneans mayphe couphed

d SIooseds " ?é’ngﬂetri 8{) gears secured to the respective lead screws and gearing
means disposed between and connecting the gears so as to be
simultaneously rotated in the same direction and at approximately
the same speed. |

In a preferred embodiment, each of the jack mechanism means

10 further includes a driven arm having approximately the same shape
and size as the drive arm and movable as the drive arm is moved, the
drive arm and the driven arm being pivotally connected together
generally at their middle points and pivotally movable as the
movable screw member is moved along the lead screw to thereby

15  move the test head vertically upwardly and downwardly.

A plurality of the movable screw member may be threadedly
engaged with each of the lead screws of the jack mechanism means,
each of the movable screw members being provided with a fixed stud
to which the one end of the corresponding one of the drive arms is

20  pivotally connected.

Further, two movable support means may be disposed one on
each of the opposite side walls of the test head, the jack mechanism
means being mounted on the two movable support means,
respectively, and the test head being attached to the two movable

25  support means.

BRIEF DESCRIPTION OF THE DRAWINGS



-16- to the lead screw 11 lie in substantially the sane vertical plane.
"However, the arrangenent is not limted to that illustrated. Since a
general ly rectangul ar novabl e support block and a jack mechani sm of an

i dentical construction are provided also on the 5 opposite side of the
test head 81, the test head 81 is suppe2ded at a predetermined el evation
above the supporting base 5 by a pair of novable support bl ocks and jack
mechani sms (| ead screws, novabl e screw nmenbers, drive arnms and driven arns)
di sposed on the opposite sides of the test head 81, as shown. In sone

i nstances the 10 FigS4Ag051diag VIS ifygeyaGaPbheebbifient/of tee tasd! er

The operation of the jack nechani sm 10 constructed as di scussed above w |

now be descrinead pesitionét atcortity totheprssdtit irvdntdonpfort ase with a
predeterm ned position below the test section of the handler, and the

novable 15 semijcondudtoridevitearestingapgparatast he test head 81 on its
opposite side walls. At this point, the jack nmechanism 10 i.s in the initial
posi tion illustr digd2AnisFagiront view taken fromihe leftvhandside: af Eignt;
5 Fig. 2B is a rear view taken from the right-hand side of Fig. 1;
Fig. 3 is a representation illustrating one example of the
semiconductor device testing apparatus to which the present
invention is applicable;
Fig. 4 is a side view illustrating one example of the
10  arrangement of the principal components of the semiconductor
device testing apparatus shown in Fig. 3;
Fig. 5 is a side view illustrating one example of the prior art
- test head positioner for the semiconductof devi;ce testing apparatus;
and |
15 Fig. 6 is a front view illustrating another example of the prior
art test head positioner for the semiconductor device testing

apparatus.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 One embodiment of the test head positioner according to the
present invention for use with a semiconductor device testing
apparatus will be described in details with reference to Figs. 1 and
2A-2B. While this embodiment represents an instance which is
applied to an IC tester having integrated therewith a handler of the

25 horizontal transporting type as described with reference to Figs. 3
and 4, it will be obvious that the present invention is also applicable

to an |C tester having integrated therewith any one of handlers of



| ead screw 11 in a clockw se direction in this exanple, whereby the novabl e
'screw nenbers 1 2A, 1 2B in the position showmn in Fig. 5 are 20 noved in
a direction indicated by the arrow 19 in the drawing, so that the one ends
of the drive arnms 16A, 16B pivotally supported by the first fixed studs 1
3A, 1 3B of the novable screw nembers +28A, 1 2B are noved gradual |y toward
the second fixed studs 15A, 15B, respectively. As a result, since the
driven arnms 18A, 1 8B are 25 pivotally supported at one ends by the
second fixed studs 15A, 15B, respectively, the drive arns 1 6A, 1 6B are

pi voted (counygieLisdansauctis other l@h?ﬁtth%tﬁéﬁzbn%_l ttarSpbPingtybe,
verti cal -17- position to thereby I'1tt the connecting studs 14A"and 14B

secured to tlRurtherplthe slepEntsshéwr’in FRYS! Hidnd 2ARCE tentdsporidiagrto ot al
novenent of the drive arns 16A, 16B toward the vertical position noves the

pi vot studs Ithose &f Fiy.oblargudesignatedeby thetlileadeferendé nurheradntdher eby
causes the dr\jv\i/ﬁnng'g rk;rcse c}igéhségg ;gailrjweinpid\g%;ﬁg, unless required.

5 Fig. 1 is a side view illustrating one embodiment of the test
head positioner according to the present invention for use with a
semiconductor device testing apparatus, and particularly shows the
details of the jack mechanism for moving the test head vertically
upwardly and downwardly. In this embodiment as well, the test head

10  is shown merely as a block 81. It is also to be noted that while only
one side of the test head 81 is shown in Fig. 1, another jack
mechanism of a similar construction is provided on the opposite side
of the test head as will be readily appreciated from Fig. 2A which is
a front view taken from the left-hand side of Fig. 1 and Fig. 2B

15 which is a rear view taken from the right-hand side of Fig. 1.

The illustrated jack mechanism 1 includes two screw pairs
comprising a long lead screw (externally threaded screw in this
example) 11 horizontally (left-to-right direction in the figure)
extending along the lower end edge on one lateral side of the test

20 head 81 at a predetermined elevation below the bottom surface of
the test head 81 and two movable screw members 12A and 12B
spaced apart from each other by a predetermined distance and having
threads (internal threads in this example) therein in threaded
engagement with the lead screw 11.

25 The movable screw members 12A and 12B of these two screw
pairs each may comprise a ball screw, for example which is

reciprocally moved along the lead screw 11 as the latter is rotated



(cl ockwi se) about the second fixed studs 15A, 15B toward a verti cal
‘position. As a result, a drive force is produced to nove the connecting
studs 1 4A and 1 4B of the novabl e support block 21 upwardly in a vertical
direction indicated by the arrow 20 in the 10 draw ng. Consequently, the
nmovabl e support block 21 is noved upwar®® in a vertical direction

I ndi cated by the arrow 20, and hence the test head 81 attached to the
novabl e support block 21 is concurrently noved vertically upwardly. It is
thus to be appreciated that by rotating the lead screw 11 15 by neans of

the notor 27, abbat s ovieakisl Ihﬁplﬁh@éd%ébpéﬁd&‘tﬂaﬂ?r(lhoél'dlb’eéﬁoﬁ

predetern1ned elevation as it is precisely positioned with respect to the

test section passing thraligh thélplanehef ties tdraevia cﬁﬂgnm?]tihameebevmherra,l
the nmotor 27 1s deactuated to hold the test hea 81 at that elevation. In

this state, twalliaftthemowvdblesscmawtmentiders h24 and 12Btadjatent thairitopsof
the handl er by neans of a fixture such as a H -fix base such that the IC
socket s nount 8@ (Sﬁuﬂﬁe] 3Aandd 3B, gespectivpbswit hroneendstpriatsudiig t he test
section. \Wen t t head 81 is to be |lowered, the fixture is

di sconnect ed PH W\aﬂ' ‘test section of the handler prior to rotating

The jack mechanism 1 further includes two connecting studs
14A and 14B spaced apart from each other by a predetermined
distance in the direction of extension of the lead screw 11 and
implanted into a generally rectangular movable support block 21 at

10  substantially the same elevation so as to protrude perpendicularly
outwardly, the support block 21 being attached to the side wall of
the test head 81; two fixed studs 15A and 15B spaced apart from
each other by a predetermined distance in the direction of extension
of the lead screw 11 and implanted into a support member 2 (see

15 Figs. 2A-2B) at substantially the same elevation (a position
somewhat below the movable support block 21 in this example) so as
to protrude perpendicularly outwardly toward the test head, the
support member 2 being disposed at a predetermined spacing
outwardly from and in opposition to the lead screw 11; two drive

20  arms 16A and 16B pivotally connected at one ends to the studs 13A
and 13B (which will be referred to as first fixed studs hereinafter)
fixed to the movable screw members 12A and 12B, respectively and
pivotally connected at the other ends to the connecting studs 14A
and 14B, respectively, of the movable support block 21: two driven

25 arms 18A and 18B pivotally connected at one ends to the studs 15A
and 15B (which will be referred to as second fixed studs

hereinafter), respectively fixed to the support member;, and pivot



25 the lead screw 11 by neans of the notor 27 in a countercl ockw se
‘direction in this exanple. It wll be obvious that this will nove the two
novabl e screw nmenbers 1 2A, 1 2B in a direction opposite from t hat

i ndicated by the arrow 1 9 to thereby Iower the test head 81 to the initial
position shown in Fig. 5 and no furthe28explanation will be necessary.
Fig. 6 is afront viewillustrating the general construction of an 5
exanple of the prior art jack nechanismfor noving a relatively | ess heavy
test head vertically upwardly and downwardly. This jack nechanismis

configured t&tR@s"PYAdand W’B’p‘i\%‘f‘alﬂ’%’ duHitkctitg (the é@tﬁ@%@%’hﬁﬁ'ﬁ{;@ﬂ@é Fig. 6

Is intended primarily to illustrate The jack nechanism 10 for The test

head, the tegdrnhsathd drivbﬂwrrﬁsr@éueﬁélgfll atOhe Mideke Points inteAhediate be

noted that as in Fig. 6 the test head is seen fromthe front, the left

and right sidéeinoppasite endst he figure of the test head are opposed

o Pooked at 1 oisacured Bhandiprotruding from the other ends of the driven

5 arms 18A and 18B toward the test head 81 are slide studs 22A and

22B, respectively which are received in horizontally elongated slots
23A and 23B, respectively formed in the movable support block 21 at
corresponding positions such that the slide studs 22A and 22B will
slidingly move in the elongated slots 23A and 23B as the driven

10  arms 18A and 18B are pivotted. The slide studs 22A and 22B of the
driven arms 18A and 18B are provided on the side of the test head 81
with detent members for preventing dislodgement to ensure that the
slide studs 22A and 22B will slide in the elongated slots 23A and
23B while carrying a part of the weight of the test head 81.

15 The driven arms 18A, 18B have substantially the same shape and
size as the drive arms 16A, 16B and are coupled by the
corresponding pivot studs 17A, 17B to the drive arms 16A, 16B in
the form of an X figure.

While the support member 2 disposed in opposition to the lead

20 screw 11 is illustrated in Fig. 2 as being directly secured to a
supporting base 5 which is an installation surface (floor) on which
the handler is installed, practically the frame of the handler is often
utilized as the support member 2. In some instances the bottom
frame of the handler may be utilized as the supporting base 5.

25 It is to be noted that the second fixed studs 15A and 15B may be
fixed to separate support members, respectively secured to the

supporting base 5. The pivot studs 17A and 17B may be fixed to



the 1C tester, it is said here to be a front view because the test head 15
is the subject of the present invention). The illustrated jack nmechani sm 30
i ncludes a small dianeter sprocket 32 rotatably supported on a supporting
base 5 at a predeterm ned el evati on bel ow the bottom surface of the test
head 81 generally in the center thereofs2%nd two | arge di anmeter sprockets 2
0 33A and 33B spaced apart from each other by a predeterm ned distance
and di sposed in opposed relation on opposite sides of the small dianeter
sprocket 32. These two | arge di aneter sprockets 33A and 33B are rotatably

Suppor ted o biherugPehilcltB3sBnaIe AR army whtdhe afiyeitafnde wal | s of

the test head e sm aneter sprocket 32 has a handle 31

arge i Smot o1 Sprockere SaA Van are Ly Ry Saect ol oy ATy GfiS the
chai n 34 trai sappohts,aeotoshdwn, sdduredces the tsupportingubaseudpanddias a
handle 31 coaxially connected at one end and a sprocket 24A secured
5 at the opposite end. The handle 31 is provided with a grip 31H which
is used by an operator to manually rotate the handle 31.

The sprocket 24A secured to the lead screw 11 is connected via
a chain 28 with a sprocket 24B (Fig. 2B) secured to a lead screw 11B
on the opposite side at a corresponding position, so that as the

10  sprocket 24A is rotated by rotation of the lead screw 11, the other
sprocket 24B is concurrently rotated by the chain 28, which in turn
causes the concurrent rotation of the other lead screw 11B in the
same direction. These sprockets 24A and 24B have the same
diameter and the number of teeth so as. to rotate both the lead

15 screws 11 and 11B at the same speed and in the same direction.

On the other hand, the movable screw members 12A, 12B are
slidably supported on a guide rail, not shown, secured to the
supporting base 5 and extending in a direction along the lead screw
11. In this regard, either one or both of the lead screw 11 and the

20 guide rail may be affixed to the frame of the handler. In the
illustrated embodiment, both the lead screws 11, 11B and their
guide rails are affixed to the frame of the handler rotatably for the |
former and fixedly for the latter, without the use of any separate
support member. ,

25 Since a generally rectangular movable support block 21B and a
jack mechanism 1B of an identical construction are provided also on

‘the opposite side of the test head 81, the test head 81 is supported



gear teeth of these sprockets 32, 33A and 33B are presel ected such that as
‘the small dianmeter sprocket 32 is rotated manually by a grip 31H affixed to
the handle 31, the two |arge di aneter sprockets 33A, 5 33B are rotated
through the chain 34 at the sane speed, but at a speed consi derably sl ower
than the rotational speed of the small -80aneter sprocket 32. The large

di anet er sprockets 33A, 33B have first bevel gears 35A and 35B

respectively coaxially secured thereto for rotation in 10 uni son with the
sprockets 33A, 33B. Disposed at approximtely right angles to and nmeshed

With the firsf \Aﬁ%de&@ﬁ&ﬁnéé%c!épgtﬁgapbeewedpbemhggsasé 536rheand 368,

respectively, I'ch are secure ower ends of vertically extending

llead screws (ipsialladion surraeesst the hbhﬂlé?c?a lzepaf’ bf andvabRe support
respectively. These lead 15 screws 37A and 37B are rotatably supported on

ei ther the suplpeksi 2, BA8ahd @ pairf ofijackimeohamsaisel, dBidisposed ohrtdneded
engagenent with threaded nenbers 38A and 38B, respectively attached to the
side wal | s ofoppesitessidesaaf the gestrhead; asishbwni ddl e of the hori zont al
di rensi on. These threaded nenbers 38A and 38B may, 20 .. each conpr, se ?] %’:IH
screw, fdf exanplAceatding totberrnesemtdayention, air cylinders 4 are installe

at predetermined positions on the supporting base 5 (which is the
installation surface of the handier in this example). In this
embodiment, two air cylinders 4 are installed below the test head
81, one at each of the opposite left and right side walls with piston

10 rods 4R of these air cylinders 4 being connected via coupling
members 6 to the bottoms of the movable support blocks 21, 21B,
respectively. The upward thrust of each of these air cylinders 4 is
set at a magnitude equivalent to one half of the weight of the test
head 81. In other words, the two air cylinders 4 acts merely as a

15 counter-balancer since they together have no more than the upward
thrust just sufficient to cancel out or counterbalance the weight of
the test head 81. This permits the use of small-sized inexpensive
air cylinders since the two air cylinders need not have such a vast
thrust to raise the test head 81. While the air cylinders 4 are

20 employed in this embodiment, it will be obvious to one skilled in the
art that hydraulic cylinders, oil springs or any other equivalent
devices may be used for the purpose of the present invention.

The operation of the jack mechanisms 1, 1B constructed as

discussed above will now be described below.

25 First, the test head 81 is transported to a predetermined
position below the test section of the handler, and the movable

support blocks 21, 21B are attached to the test head 81 oniits



therein in mesh with the | ead screws 37A and 37B. Accordingly, rotation of
‘the first bevel gears 35A and 35B will rotate the threadedly associ ated
second bevel gears 36A and 36B in unison with which the | ead screws 37A and
37B are rotated to nove the 25 threaded nenbers 38A and 38B vertically.
Next, the operation of the jack mechani<$#30 constructed as di scussed above
wi |l be described. -20- First, the test head 81 is transported to a
predet erm ned position below the test section of the handler, and the

t hreaded nmenbers 38A and 38B are attached to the test head 81 on its

opposite si deogﬁblgﬁfusgaethﬁaﬁlsqowttthitshgoirﬁqlthée nsecBanisms N ,t12 afe in

initial positi trated in Fig. 6. Then, the operator rotates the
handl e 31 by ¢Ra8itah| PositionvilRistrated inl Figwl sdtdsrexbemotied bare thatnpl e

to thereby rotate the small dianmeter sprocket 32 in a clockw se direction.
The two | ar getie aveight opthekest e 8338 aot exerted on the jack
mechanisms 1, 1B at all as it is borne by the two air cylinders 4.

5 Then, the operator turns the handle 31 to rotate the lead screw
11 in a clockwise direction in this example. Since no Weight of the
test head 81 is exerted on the jack mechanisms 1, 1B as noted
above, the handle 31 is easy to rotate, requiring no reduction gearing
in contrast to the prior art as shown in Fig. 6. The movable screw

10 members 12A, 12B in the position shown in Fig. 5 are thus moved in
a direction indicated by the arrow 19 in the drawing, so that the one
ends of the drive arms 16A, 16B pivotally supported by the first
fixed studs 13A, 13B of the movable screw mémbers 12A, 12B are
moved gradually toward the second fixed studs 15A, 158B,

15 respectively. As aresult, since the driven arms 18A, 18B are
pivotally supported at one ends by the second fixed studs 15A, 15B,
respectively, the drive arms 16A, 16B are pivoted
(counterclockwise) about the pivot studs 17A, 17B toward a vertical
position to thereby lift the connecting studs 14A and 14B secured to

20  the movable support block 21 upwardly.

Concurrently, the pivotal movement of the drive arms 16A, 16B
toward the vertical position moves the pivot studs 17A, 17B
obliquely to the right and upwardly, and thereby causes the driven
arms 18A, 18B to be pivoted (clockwise) about the second fixed

25  studs 15A, 15B toward a vertical position. As a result, a drive force
is produced to move the connecting studs 14A and 14B of the

movable support block 21 vertically upwardly. Consequently, the



thus rotated cl ockwi se through the chain 34 at the sane speed but 10 at a
‘'speed considerably slower than the rotational speed of the small dianeter
sprocket 32, so that the first bevel gears 35A and 35B fixed to the
sprockets 33A, 33B are rotated cl ockwi se to cause the second bevel gears
36A and 36B in nmesh with the first beve3zgears 35A and 35B to be rotated
count ercl ockw se. 15 In this exanple, the arrangenent is such that
countercl ockwi se rotation of the |ead screws 37A and 37B will cause
vertically upward novenent of the threaded nenbers 38A and 38B while

cl ockwi se r omaovableosuppert biscls 2rieis nﬁk@ugvﬁamgﬁ in acartcHPHireTtioN,
downward novement of the threaded nenbers 38A and 20 38B. The test head

81 is thus manddhemoatietest héadB battached tovthe movabde fsupportitylocke? 1
upward novenent of the threaded nenbers 38A and 38B. It will thus be
appreci at ed 1HE€ANGUITRBAY Bovad veesticalbedpwandlyal |y to a predet ermi ned
elevation as it is.precisely positioned wth respect to the test section of
t he handl er. UpOIlltt'EGt t@i}ﬁamla@@ma&gdmha@, by sureing, the srandlesd 1 apat i on

this stafe, {ALAeEneigad sarew s e peRakemesHaNISTLd WaLoRiIBRUM | he
handl er causes simultaneous rotation of the lead screw 11B of the other
jack mechanism 1B by means of the sprocket 24A, chain 28 and
sprocket 24B, the test head 81 is gradually raised vertically to a
predetermined elevation as it is precisely positioned with respect
10 to the test section of the handler. Upon the test head reaching that
'elevation, the rotation of the handle 31 is ceased to hold the test
head 81 at fhat elevation. In this state, the test head 81 is mounted
in place to the test section of the handler by means of a fixture such
as a Hi-fix base such that the IC sockets mounted on the test head
15 81 are exposed in the interior of the test section.
When the test head 81 is to be lowered, the fixture is
disconnected from the test section of the handler prior to turning
the handle 31 in the opposite direction to rotate the lead screws 1 1,
11B in a counterclockwise direction in this example. It will be
20 readily appreciated that this will move the movable screw members
12A, 12B in a direction opposite from that indicated by the arrow 19
to thereby lower the test head 81 to the initial position shown in
Fig. 1, and further description is omitted.
In the initial position shown in Fig. 1, the arrangement is such
25  that the central axes of the first fixed studs 13A, 13B of the
movable screw members 12A, 12B and of the second fixed studs

15A, 15B of the support member disposed in opposition to the lead



-21- by neans of a fixture such as a H -fix base such that the | C sockets
-mount ed on the test head 81 are exposed in the interior of the test
section. Wen the test head 81 is to be Iowered, the fixture is 5

di sconnected fromthe test section of the handler prior to rotating the
handl e 31 countercl ockwi se this time to38etate the | ead screws 37A and 37B
in a clockw se direction. It is evident that this will nove the two

t hreaded nenbers 38A and 38B vertically dowwardly to thereby | ower the
test head 81 to the initial position shown in 10 Fig. 6, and further

descri ptions %,gewg' mﬁgﬂm %Hgg?mgﬁy%regﬂméﬁr(m%@ggm with

reference to be a emin terns of the

driving forcengpgottatpldhe),AHdtCehe Cointpal akesF trStohpedtivigistud t14A
configured to nove the test”  head vertically by the use of the notor 15
27. However, ef theqrblvabis sapporelbiook 2 hantusothe secend firdd stud 15A of
the support member disposed in opposition to the lead screw 11 lie
5  in substantially the same vertical plane, and that the central axes of
the connecting stud 14B of the movable support block 21 and of the
second fixed stud 15B of the support member disposed in opposition
to the lead screw 11 lie in substantially the same vertical plane.
However, the arrangement is not limited to that illustrated.

10 It should be noted that if the number of movable screw members
threadedly engaged with the lead screws 11, 11B is increased over
the illustrated two screws with a commensurate increase in the
number of sets of drive arms and driven arms for supporting and
moving the movable support blocks 21,.21B vertically, not only the

15 vertical movement of the test head 81 may be smoothed, but also the
weight of the test head 81 may be more positively burdened by an
increased number of sets of drive arms and driven arms.

With the construction described above in which no weight of the
test head 81 is exerted on the jack mechanisms 1, 1B, the operator

20 may rotate the handle 31 easily (with a less power) despite the fact
that the handle 31 is connected directly to the lead screw 11.
Requiring no reduction gearing in this way permits the lead screws
11, 11B to be rotated at a considerably fast speed to thereby
facilitate the quick movement of the test head 81 in vertically

25  upward and downward directions. It will thus be appreciated that
there is no problem with the speed of the upward and downward

movement of the test head 81. In addition, any increase in the



addition to, it is required froma viewpoint of securing safety to
-accurately grasp the nutual positional relation between the jack nmechani sm
10 and the test section of the handler to which the test head 81 is to be
coupl ed, hence requiring conmuni cation neans for 20 that purpose. Further,
it is necessary to make arrangenents fe¥-preventing the test head 81 from
falling in the event of accidental failure of power source. In contrast,
the jack mechani sm 30 described with reference to Fig. 6 would require no
control circuit, since it is configured to 25 permt the test head 81 to

be moved ver pigight Yofothé'aast heaeP8nanbuld ridtansting lledstraffect theocket 32
and the | arge draneter sprockets 33A, 33B through the chain 34 to augnent

the rotary dmarneuvédring®fothe handfe 3Thbytthedbperatoruas amysirere asedircthen.
However, an increase in weight of the test head 81 leads to a corresponding
i ncrease in weightrisecarceledeby therairecykbndens ssedving asdtouterhalgncersr e

e Accordingly, it is apparent that the present invention provides a
5 hand-operated test head positioning apparatus having very excellent
operability.

Moreover, since the power source for moving the test head up
and down is derived from nothing but a manual axial torque input
into the lead screw by the handle operation by the operator, the

10  operator can accurately feel the mutual positional relation between
the test section of the handler to which the test head is to be
connected and the jack mechanism, so that the need for
communication means may be eliminated. Needless to say, no motor
control circuit is required.

15 On top of that, utilizing air cylinders merely as a counter-
balancer permits the use of small-sized inexpensive air cylinders,
adding little to the initial cost of the enfire IC tester. Besides, the
load exerted on the various components of the jack mechanism does
not exceed the range of the manual axial torque, ensuring the safe

20 and smooth operation.

What is more, with regard to the measures for preventing the
test head from falling in the event of accidental failure of power
source, no special preventive measures are necessary, since the
driving through movable screw members engaged with a lead screw

25  instead of motor driving makes it possible to take up the falling load
under the static load condition by the friction between the lead

screw and the movable screw members if a plurality of the movable



various difficulties wth the maneuverability including the 5 limtation
-on the speed of rotation of the handle 31 due to the nmanual operation and
‘the sl ow speed of the vertical novenents of the test head 81 due to the
speed reduction required to provide an increase in the rotary driving
force. 10 SUMVARY OF THE | NVENTI ON An-%@ject of the present invention is
to provide a hand-operated test head positioning apparatus for positioning
the test head of a seni conductor device testing apparatus which is easy to
operate, highly safe in operation, and yet inexpensive to nmanufacture. 15

Anot her obj egreiv hiembie?s &ire usedals iNthé enmbeditedt desceiied abdve.
positioning apparatus for positioning the test head of a sem conductor

devi ce testing appstwiuld albodie notbdrthatder thedaskuthatattedlaér suppdyitioythe
novi ng a heavywei ght test head upwardly and downwardly. 20 In order to

acconpl i sh t ladr foylinge rgymaty betag cidendatlynstopped,fsafetyawpedd bef seoared
present invention, in a sem conductor device testing apparatus of the type
i n whi ch seniasothraibcylinderssare mainiained ddthe set pressueethyn where the
sem CondlélCt Oringeetypiocseirswgaéﬁeck valves between the cylinders and an air source.

While in the embodiment described above the arrangement is
such that the jack mechanisms 1, 1B move the movable support
blocks 21, 21B vertically up and down by means of which the test
head 81 attached to the movable support blocks 21, 21B is moved up

10  and down, the jack mechanisms 1, 1B may be configured to directly
move the test head 81 up and down. In this instance, the connecting
studs 14A, 14B are secured to the test head 81 and the horizontal
elongated slots 23A, 23B in which the slide studs 22A, 22B of the
driven arms 18A, 18B are siidingly moved are formed in the test

15 head 81.

Alternatively, instead of the elongated slots 23A, 23B, two
horizontally extending parallel spaced apart guide rails may be
formed or mounted on either side walls of the test head 81 or the
movable support blocks 21, 21B. In this case, the vertical spacing

20 between the two parallel guide rails is made somewhat larger than
the outer diameter of the slide studs 22A, 22B so that the slide
studs 22A, 22B of the driven arms 18A, 18B may slide horizontally
along the guide rails with the weight of the test head 81 supported
by the upper guide rail. It will thus be understood that provision of

25 such guide rails may provide similar functional effects as provided
by the formation of the elongated slots 23A, 23B. Further, even with

the provision of only the upper rail, it is capable of supporting the



subjected to testing and after conpletion of the testing, are carried 25
out of the test section to a predeterm ned | ocation, a test head
positioning apparatus for use to nove test head for applying a test signal
having a predeterm ned pattern to the sem conductor devices -23-
vertically upwardly to and downwardly #~86m a predetermined elevation in the
test section of the testing apparatus is provided, the test head

posi tioni ng apparatus conprising: counterbal ancer nmeans having a driving
force approximately equivalent to the weight 5 of the test head; and
hand- oper at edv¢ight oftheries® hesd 8 1 ahd FaHdenidiepF&videsafi M Fukétional

upwardly and downwardly. The counterbal ancer neans is installed at at | east

two opposed effectoas pfovided: oy thedatnsanionhef shenelbngated wotsr23A, of

these counterbal ancer neans is set at a |level approximately equivalent to
10 the wei g3b6f Acoondingly,d4dshould be understoddithatthe'presentinvention
cylinder, a hydraulic cylinder or an oil spring may be used.

i§ not limited to the arrangement and construction of the

5 embodiment as described above with reference to the drawings.



The hand-operated jack nmechani sm neans is di sposed on each of the opposite
"side wal s of the test Thead, the arrangenent being such that by an operator
manual | y operating one of .the two jack 15 mechani sm means, the two jack
mechani s |ﬁ ﬁi‘ FRFY aneousl y operated to nove the test head

vertically downwar dl'y. Ee®f{-of the count qrigcaiiet HASABEEN

I ncl udes a nerally horizontally extending ang RepAGH Y |
supported, at |east 20 one novabl e screw nenber in theeadedengagenent
with the |l ead screw, and a drive armpivotally connected at one end to the
novabl e scr eWHATHErCleAIMEDdSat i ve to nove the test head vertically
upwardly and downwardly as the novable screw nenber is noved along the | ead
screw. 25 Thénl @semicoadsictbr devicedesting appanatusrof the typedhed
toget her by sprockets secured to the respective | ead screws and a chain

ext endi ng bewm semicondugcharndevicessare tkanspateskte @ test section

where the semiconductor devices are subjected to testing and after

completion of the testing, are carried out of the test section to a
predetermined location, a test head positioning apparatus for use to
move a test head for applying a test signal having a predetermined
pattern to the semiconductor devices vertically upwardly to and
downwardly from a predetermined elevation in said test section of
the semiconductor device testing apparatus, said test head
positioning apparatus being characterized by comprising:

counterbalancer means having a driving force approximately
equivalent to the weight of said test head; and

hand-operated jack mechanism means for moving said test head

vertically upwardly and downwardly.

2. The test head positioning apparatus set forth in claim 1,
wherein said counterbalancer means is instalied at at least two
opposed positions of said test head and the sum of driving forces of
these counterbalancer means is set at a level approximately

equivalent to the weight of said test head.
3. The semiconductor device testing apparatus set forth in
claim 1 or 2, wherein said counterbalancer means comprises an air

cylinder, a hydraulic cylinder or an oil spring.

4. The test head positioning apparatus set forth in claim 1,

AR U Il



-24- simultaneously rotated in the sanme direction and at approximtely the
"sanme speed, and a handl'e” |s "Coaxi ally connected dlrectly to the | ead screw
of one of tgs 8y  neans. The | ead screws thre—-aet—rechani sm
means nay be 84 s TG00 get her by gears secured tp Tf‘f’?esﬁ@%g BUEN |lead

screws and g lw i sposed bet wd8 and conneckting iRﬁBL s.sgjas to
be simultane In the sane direction and at apprOX|nater t he

sanme speed. In a preferred enbodi ment, each of the jack nmechani sm nmeans 10
further includes a driven arm having approxi mately the sane shape and size

as the drivewiereni &2\t érbaldifcél meary 18 installed. at e |asyawas m and
the driven arm being pivotally connected together generally at their mddle

poi nts and poppbséd povitioriscofisaidaestyrdddandrihe sembef drivimy torcdood t he
| ead screw to thereby 15 nove the test head vertically upwardly and
downwar dl y. these caunterbéalanterrmeabksd sssetateehdeel approximatebded! y
engaged with each of the | ead screws of the jack nechani sm neans, each of
the movabl e equivalspiiter theweightrof said test head sa@s to eancel the weight

of said test head; and

said hand-operated jack mechanism means is disposed on each
of the opposite side walls of said test head such that by an operator
manually operating one of said two jack mechanism means, said two
jack mechanism means are simultaneously operated to move said

test head vertically upwardly and downwardly.

5. The test head positioning apparatus set forth in claim 4,
wherein each of said counterbalancer means comprises an air

cylinder, a hydraulic cylinder or an oil spring.

6. The test head positioning apparatus set forth in claim 4,
wherein each of said jack mechanism means comprises a lead screw
generally horizontally extending and rotatably supported; at least
one movable screw member in threaded engagement with said lead
screw; and a drive arm pivotally connected at one end to said
movable screw member and operative to move said test head
vertically upwardly and downwardly as said movable screw member

is moved along said lead screw.

7. The test head positioning apparatus set forth in claim 6,
wherein said lead screws of said jack mechanism means are coupled

together by sprockets secured to the respectlve lead screws and a

[ IIIH HIII H IIII



to which the one end of the corresponding one of the drive arnms is 20
“pivotal ly connected.” Further,_two novabl e support neans nay be di sposed one

on each of tlmisgpRpgi ke side walls of the test head, the jack mechani sm
means bei ng no mm% novabl e support neans, respgRTLyey—and the

test head bei the two noxdl e 25. support/ neang..
DESCRI PTI ON -25- Fig. 1 is a side view-tddd

enbodi ment of the test head positioner according to the present inventTor
for use with a sem conductor device testing apparatus; Fig. 2Ais a front

view taken fgREI4 Bgtéﬁamdjﬁgn efCard c@@g&ilnééféd sgrBic&etg%d §sad bar

view taken fromthe rig si de of IS a representation

\iNL! uat [ ﬁt i ngsﬁﬁ@ltt@fﬁmjﬁyoﬁoﬁah@dsi@l”iﬁ@@ém Airéetibeecand st AppeoRiniately t o
ic e presen
the same speed, and including a handle coaxially connected directly

to the lead screw of one of said jack mechanism means.

8. The 'test head positioning apparatus according to claim 6,
wherein said lead screws of said jack mechanism means are coupled
together by gears secured to the respective lead screws and gearing
means disposed between and connecting said gears so as to be
simultaneously rotated in the same direction and at approximately
the same speed, and including a handle coaxially connected directly

to the lead screw of one of said jack mechanism means.

9. The test head positioning apparatus set forth in claims 6 to
8, wherein each of said jack mechanism means includes a driven arm
having approximately the same shape and size as said drive arm and
movable as said drive arm is moved, said drive arm and said driven
arm being pivotally connected together generally at their middle
points and pivotally movable as said movable screw member is
moved along said lead screw to thereby move said test head

vertically upwardly and downwardly.

10. The test head positioning apparatus set forth in any one of
claims 6 to 9, wherein a plurality of said movable screw are
threadedly engaged with each of said lead screws of said jack
mechanism means, each of said movable screw members being

provided with a fixed stud to which said one end of said

* c L M S *



invention is applicable; Fig. 4 is a side viewillustrating one exanple of
"the 10 arr angenent- of--the princi pal conponents of the sem conductor

‘device testing apparatus shown in Fig. 3; Fig. 5is ' 'Esﬂ‘éh‘?WIAS BEEN
illustratin ce fced he prior art test head pgo 'IFi QBSIacE® the

sem conduct or g appar at uss4Gend 15 El-g—b6—ts—afTOoNnt vi ew
Il lustrating e of the prior art test head positioner for the

sem conduct or device testing apparatus. DETAI LED DESCRI PTI ON OF THE
PREFERRED ENMBODI MENTS 2 0 One enbodi ment of the test head positioner

according tocbbﬁessgﬁﬂgeaﬂvgqérﬁgcﬁﬁp@aﬂ)}sl&oﬁngg@g&onduct or device .

testing appara escri wth reference to Figs.
and 2A-2B. Wiile this enbodi mnent represents an instance which is applied to
an | C tester having integrated therewith a handl er of the 25 hori zont al

transporting typgiasTHex@sthsshdporitiohtngappdratas set forahdindiclaimvi,l | be

obvi ous that the present invention is also applicable to an IC tester

havi ng i nt egni@inheaidwadk angchawisai nhieans és snstalled on each of the
bpposite side walls of said test head such that by an operator
manually operating one of said two jack mechanism means, said two
jack mechanism means are simultaneously operated to move said

test head vertically upwardly and downwardly.

12. The test head positioning apparatus set forth in claim 11,
wherein each of said jack mechanism means comprises a lead screw
generally horizontally extending and rotatably supported; at least
one movable screw member in threaded engagement with said lead
screw; and a drive arm pivotally connected at one end to said
movable screw member and operative to move said test head
vertically upwardly and downwardly as said movable screw member

is moved along said lead screw.

13. The test head positioning apparatus set forth in claim 12,
wherein said lead screws of said jack mechanism means are coupled
together by sprockets secured to the respective lead screws and a
chain extending between and connecting said spr'ockets so as to be
simultaneously rotated in the same direction and at approximately
the same speed, and including a handle coaxially connected directly

to the lead screw of one of said jack mechanism means.

14. The test head positioning apparatus set forth in claim 12,

RN O O O



-26- various constructions other than the horizontal transporting type.
‘Furt her, the el-ements_shown in Figs. 1 and 2A-2B corresponding to those of

Fig. 5 are_designated by the like reference nunerals and mnll not be
di scussed cetHa‘slealtmblLléd unl ess required. 5 Elg + sToe-vi ew
i lustratin nt of the test4fead positio é!imééﬁﬁ%lﬁﬁ BEEN he
present inv EH with a seniconductor devicé_testRHgARbaratus,

y s

and particu ar e details of the jack mechani smfor noving the
test head vertically upwardly and downwardly. In this enbodi ment as well,

the test headyh@reirssaltPidadwcrewsdfxsdidogciBinedhanisnminieans are coupled
that while only one side of the test head 81 is shown in Fi.g. 1, another

j ack mechani ssogether hygears csensnredctromelrespeomwaetéamst:lnewmandugumnge
of the test head as Wil be readily appreciated fromFig. 2A which is a

front view t akeansrdisposed kétwéenand dennécting. sdichgears go agtosbe whi ch
is a rear view taken fromthe right-hand side of Fig. 1,
simultaneously rotated in the same direction and at approximately
the same speed, and including a handle coaxially connected directly

to the lead screw of one of said jack mechanism means.

15. The test head positioning apparatus set forth in claims 12
to 14, wherein each of said jack mechanism means includes a driven
arm having approximately the same shape and size as said drive arm
and movable as said drive arm is moved, said drive arm and said
driven arm being pivotally connected together generally at their
middle points and pivotally movable as said movable screw member
is moved along said lead screw to thereby move said test head

vertically upwardly and downwardly.

16. The test head positioning apparatus set forth in any one of
claims 12 to 15, wherein a plurality of said movable screw member
are threadedly engaged with each of said lead screws of said jack
mechanism means, each of said movable screw members being
provided with a fixed stud to which said one end of said

corresponding drive arms are pivotally connected.

17. The test head positioning apparatus set forth in any one of
claims 1 to 16, wherein two movable support means are disposed
one on each of the opposite side walls of said test head, said jack

mechanism means being mounted on said two movable support

(T



The illustrated jack mechanism 1l includes two screw pairs conprising a |ong
lead screw (externally threaded screwin this ex nﬂiﬁ)s e LNRY
a
pv‘

(left-to-right direction in the figure) extending ONge ID?CEB)V‘H end edge
on one |lateral side of the test 20 head 81 at edet-er-ret—etevat i on
bel ow the bottom surface of the test he#d-81 and two nobvabl e screw nenbers
1 2A and 1 2B spaced apart from each other by a predeterm ned di stance and
having threads (internal threads in this exanple) therein in threaded
engagenent with the |l ead screw 11. 25 The novabl e screw nenbers 1 2A
and 1 2B of ' feshs: MEspeEen el ahdni test heatbeingaatiachesctesaid awo

exanpl e which i's récrprocally’ noved along the | ead Screw 11 as the latter
is rotated m&§b|@§q¢bdrtsn@m3_axi s. Inplanted perpendicularly (in a
direction passing through the plane of the drawing of Fig. 1) in the

peri pheral wall of the novable screw nenbers 1 2A and 1 2B adjacent their
t ops

L
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are studs 1 3A and 13B, respectively with one ends protruding 5

outwardly. The jack nechanism 1 further includes two connecting studs 1 4A
and 1 4B spaced apart from each other by a predeterm ne ciﬂ-h§rSﬁB€'FHiA§ BIE%
direction of extension of the lead screw 11 and i npl ant I Nt AgBRET A
rectangul ar movabl e support block 21 at430  substanti al

el evation so as to protrude perpendicularly outwardly, the support block 21
being attached to the side wall of the test head 81; two fixed studs 15A
and 1 5B spaced apart fromeach other by a predeterm ned distance in the
direction of extension of the |ead sggm:&A_@‘pd I npl anted into a support
menber 2 (see 15 Figs. 2A-2B) at substantially the sane elevation (a
positi on sonmewhat bel ow t he novabl e support block 21 in this exanple) so as
to protrude perpendicularly outwardly toward the test head, the support
nmenber 2 being diAhaseioperated ¢est dieachpasitianendorpositinnging the 4esti n
opposition to the |ead screw 11; two drive 20 arnms 1 6A and 1 6B

pi votal |y corhead ofi aasemieonduston denice testing appanatusis previdediwhiake
referred to as first fixed studs hereinafter) fixed tq the novabl e screw
nmenbers 12A dfdeaPBLORRYALE; \L;wégpl)éﬁafe in operation, and yet inexpensive.

Two air cylinders 4 are installed one at each of two opposed

_ A

Iy

positions of the test head 81. The sum of driving forces of these air
cylinders is set at a level approximately equivalent to the weight of
the test head to act as a counterbalancer. Hand-operated jack
mechanisms 1, 1B are disposed on the opposite side walls of the
test head, respectively. The jack mechanisms comprise long lead
screws 11, 11B rotatably supported, two movable screw members
12A, 12B in threaded engagement with the respective lead screws
12A, 12B, drive arms 16A, 16B pivdtally connected at one ends to
the respective movable screw members, and driven arms 18A, 18B
having approximately the same shape and size as the drive arms and
being pivotally connected to the respective drive arms 16A, 16B,
respectively. By manually rotating one of the lead screws, the
movable screw members are simultaneously moved thereby moving

the test head vertically upwardly and downwardly.

This Sheet Has Been Replaced
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piQotaIIy connected at the other ends to the connecting studs 1 4A and 14B,
‘respectively, of the novable support block 21; two driven 25 arms 18A and
1 8B pivotally connected at one ends to the studs 15A and 15B (whic

be referred to as second fixed studs hereinafter), res T THASEREBRNO §

t he support menber;, and pivot -28- studs 17A and 14B IVQEfLAQE%ﬂ“““~J
connecting the corresponding drive arns and driven arns at the

m ddl e points internmediate their opposite ends. Secured to and protruding
fromthe other ends of the driven 5 arnms 18A and 18B toward the test head
81 are slide studs 22A and 22B, respectively jch are received in

hori zontal |y el ongated slots 23A and 23B, respertively fornmed i [Nt he

nmovabl e support block 21 at corr&spondi ng posi{}ons such that tRe slide
studs 22A and 22B will gl idingly ynove in the elbngated slots 23A™nd 23B as

the driven 10 arns 1§\ and_18B{are pivotteg l$de st uds ?\XAand 22B
of the A s N\
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'dfiven arns 18A and 18B are provided on the side of the test head 81 with
. detent nenbers for preventing dislodgenment to ensure that the slide studs
-22A and 22B will slide in the elongated slots 23A and 23B while carrying a

part -of the weight of the test head 81. 15 The driven arns 18A, 18B
have substantially the sanme shape and size as the dri : and
are coupl ed by the correspondi ng pivot studs 17A, I?BﬂmESH@EHHﬁ§@EEF§E
16A, 16B in the formof an X figure. Wile the suppoft neREPEACER| spased in
opposition to the lead 20 screw 11 is illustrated in Fig. 2 as being

directly secured to a gypporting base 5 which is an installation surface
(floor) on which the handleg is installed, practically the frame of the
handler is often utilizad &8 the support nenbeF“Z In some instances the
bottom frame of the hand\er 3 b e su-po tlng base 5. 25
It is to be noted thatgth 4 R May\be fixed to

The pivot studs. ﬁ?&"ﬁﬁf}i’l \ig pase o
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-29- either of the corresponding drive arns and the driven arns. The | ead
screw 11 is rotatably journaled by a plurality of supports, not shown,
secured to the supporting base 5, and has a handle 31 coaxially connected
at one end and a sprocket 24A secured 5 at the opposite end. The handl e
31 is provided with a grip 31 H which is used by an o
‘rotate the handle 31. The sprocket 24A secured to the/l €dd SEre
connected via a chain 28 with a sprocket 24B (Fig. 28) secud§ﬂtk@5
screw 1 1 B on the opposite side at a correspandi ng position,” hat
the 10 sprocket 24A is rotated by rotation &f the |ead screw 11, the™
ot her sprocket 24B is concurrently rotated byjthe chain 28, which in turn

di rection. These sprock@ﬂs 2ZA &®d 24B have the jsane dianeter and the

nunber of teeth so as toyota 5 A1 8 11B at the
sane speed and in the sane RCi\i | O} » (abl e screw
menbers 12A, 12B are sl i dabl Wo, secur ed

to the

(o]

J— 8
‘} -
L
/S

1]
28

FIG. 2B
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supporting base 5 and extending in a direction along the lead screw 11. In
this regard, either one or both of the lead screw 11 and.the 20 gui de
rail may be affixed to the frame of the handler. In the 'lfﬂ@%ﬁ%h‘ﬁAsBEE‘7
enbodi ment, both the lead screws 1 1, 1 1 B and their guijde ra

affixed to the frame of the handler rotatably for the former—and ..Ac”'v
for the latter, wthout the use of any separate support nenber. 25
Since a generally rectangul ar novabl e support block 21B and a jack
mechanism 1 B of an identical construction are provided also on (e
opposite side of the test head 81, the test head 81 is supported . -30- at
a predeterm ned el evati on above the supporting base 5 (the |nst£EDat|on

surface of the handler) by a pair of novabl e support blocks 21, B and a
pair of jack mechanisnms 1, 1B disposed on the opposite sides of e test
head, as shown. 5 According to the present invention, air cylinders 4
are installed 3 e~
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“‘at predetermned positions on the supporting base 5 (which is the
“installation surface of the handler in this exanple). In this enbodi nent,
two air cylinders 4 are installed below the test head 81, one at each of
the opposite left and right side walls with piston 10 rods 4R of these air
cylinders 4 being connected via coupling nenbers 6 to the bottons of the

novabl e support bl ocks 21, 21B, respectively. The upwar : ) h of
these air cylinders 4 is set at a magnitude equi val nﬂnﬁ@ﬂéﬁﬁﬂﬁijf"bf=the
wei ght of the test head 81. In other words, the twolair Cﬁﬁﬁﬁﬁﬁfsw4"acts
nerely as a 15 count er - bal ancer since they together have no nore than the
upward thrust just sufficient to cancel out or counterbal ance the wei ght of
the test head 81. This permts the use of snall-sized inexpensive air
cylinders since the two air cylinders need not have such a vast thrust to
raise the test head 8L, Wile the air cylinders 4 are 20 enployed in this
enbodi nent, it I{l4 b& obvi ous to one skilled in the art that hydraulic
cylinders, oil rings or any other equival ent devices may be used for the
pur pose.of the present invention. The operation of the jack nechanisnms 1, 1
B constructed as di scussed above will now be described bel ow
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25 First, the test head 81 is transported to a predeterm ned position

.~ below the test section of the handler,

21 B are attached to the test head 81 on its
At this point, the jack mechanisns 1, 1 B are in the initi
illustrated in Fig. 1. It is to be noted here that the weij
head 81 is not exerted on the jack nmechanisns 1, 1 B at a
t he operator turns t he handl e 31
Si nce

by the two air cylinders 4. 5

Then,

and the novabl e support bl ocks 21,
-31- opposite side walls.

KL

tlnn

5&@%&$&mﬁ]
as FHPLACEROr ne |

to rotate the lead screw 11 in a clockwi se direction in this exanple.

no weight of the test head 81 is exerted on the jack mechanisnms 1, 1 B as
not ed above, the handle 31 is easy to rotate,
as Shown i

gearing in contrast to the pgior af®
|0 nenbers 1 2A, 1 2B in tRE position Shown ip Fig. 5 are
in_the drawdng, so that

direction indicated by t he aryow 1
the drive arnms 1 6A, 6ﬁ—p+;§kgt
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vabl e screw
xﬂus noved in a
{\e one ends of



fixed studs 1 3A, 1 3B of the novable screw nenbers 1 2A, 1 2B are noved
gradually toward the second fixed studs 15A, 158, 15 respectively. As a
result, since the driven arns 18A, 1 8B are pivotally supported at one ends

by the’second fixed studs 1 5A, 15B, respectively, the drive arns 1 6A 1
1 7B toward a

6B are pivoted (counterclockw se) about the pivot studs 1A
vertical position to thereby lift the connecting studs 1 KHﬁhﬁﬂﬁﬂ4M%SBFrNé
secured to 20 the novabl e support block 21 upwardly. Co r e REPYACHIhe

pi votal novenent of the drive arns 16A, 16B toward the vertical position
noves the pivot studs 1 7A, 1 7B obliquely to the right and upwardly, and
t hereby causes the driven arns 1 8A, 1 8B to be pivoted (cl ockw se) about
t he second fixed 25 studs 15A, 15B toward a vertical position. As a

result, a drive force is produced to nove the connecting studs 1 4A and 1
4B of the novabl e support block 21 vertically upwardly. Consequently, the

-32-
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movabl e support block 21 is noved upwardly in a vertical di ) gW‘[d
hence the test head 81 attached {9 the nmovable sugport b|ocgﬁg&A§gh“‘ SHEET

concurrently noved vertically upvaHtl SHERT HASBEENIY t o be appireci ate ﬁggt

by turning the handle 31 to 5 r ot at REPh&CERad sdrew 11 off th '

nmechani sm 1 which in turn causes sinultaneous rotation of tthé |ead screw 1

1 B of the other jack nmechanism1l B bydggans of the sprockgt 24A, chain 28
g

and sprocket 24B the test head 81 is dual Iy raised ver tiecal+y—to-a

pr edet ev BUCTOR ARSI TING %mmﬂﬁs to

ng
el evation, the rotatlon of the handIe 3l s ceased to hoId t he test head 81
at that elevation. In this state, t hABSIRAGEAd 81 is mounted in pl ace to
the test section of the handler by neans of a fixture such as a H -fix base
such that the |1 C sockets nounted on the test head 15 81 are exposed in

the Tixture i o dABBRRECPEIAISOREEhecatposionsh¥ar Rinitiolifathe RESEET,
11 1" 76 i RSt Aat DidoliQdelR? bbFicH, ERHNY abBLAA s Ireyjipd vifichre

is easy to operate, highly safe in operation, and yet inexpensive.

Two air cylinders 4 are installed one at each of two opposed
positions of the test head 81. The sum of driving forces of these air
cylinders is set at a level approximately equivalent to the weight of
the test head to act as a counterbalancer. Hand-operated jack
mechamsms 1, 1B are disposed on the opposite side walls of the
test head, respectively. The jack mechanisms comprise long lead

| screws 11, 11B rotatably supported, two movable screw members
12A, 12B in threaded engagement with the respective lead screws
12A, 12B, drive arms 16A, 168 pivdtally'co_nhected at one ends to
the respective movable screw members, and driven arms 18A, 188
having approximately the same shape and size as the drive arms and |
being pivotally connected to the respective drive arms 16A, 16B,
respectively. By manually rotating one of the lead screws, the
movable screw members are simultaneous!y moved thereby moving

the test head vertically upwardly and downwardly.

Figure 1
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20

readily appreciated that this w ||

nppve .t

novabl e screw nenbers 1

.2A, 1 2B in a direction opposi tlerfsameEnatAs BEENcat ed by qmm" ‘\lﬁ{ .
thereby | ower the test head 81 {to t hgegPuAQEDal position .ﬁ\}i" St gtUab and
further description is omtted.—tTmthe 1nitial positio hown in F| 1,
the arrangement is such 25 that the_gentral axes of ur@@Tﬂf%ed stjuds
1 3A, 1 3B of the novable screw nembers-1 2A, 1 2B and o t he second fli yed
studs 1 5A, 1 5B of the support nenber disposed in opppsition to the Tedd
-33- screw 11 |lie at substantially the sanme el evation {in_the sane _

hori zontal plane), that the central axes of the connect i ng stud 1 4A of the

novabl e support bl ock 21 and of the second fixed stud 15A of the support

menber di sposed in opposition to the |ead scr 11 lie 5 in ‘Nﬁbstant ially
the sane vertical plane, and that the central jaxes of the conngcting stud 1
4B of the novabl e support block 21 and of thefsecond fixed stucNSB of the

support nenber di sposg@ in opposﬁtion < \
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to the lead screw 11 lie in substantially the sane vertical plane. However,

the arrangenent is not limted to that illustrated. 10 .
noted that if the nunber of novable screw nenbers threade®EPLACKAGE] WHRET
the lead screws 1 1, 1 1 Bis increased over the illustr 0 TWO—STTEWS

with a cotmmensurate increase in the nunher of sets of drije rivern
arms for supporting and nmoving the novaBle support bl ocks 21?&%@0@?"#9%
vertically, not only the 15 vertical novenent of the t
snoot hed, but also the weight of the test head 81 may be jmore p03|t|vely
burdened by an increased nunber of sets of drive arns an 7
the construction descri bed above in which no weight of the test head 81 IS
exerted on the jack mectanisns 1, 1 B, the operator 20 may rotate the
handl e 31 easily (with | eg$ power) despite thg fact that the handle 31 is
connected directly to thg | &ad &crew 11. ReqU|rzng no reduction gearing in

tL_head. 81 sa=1V; Be

this way permts the | gad\schews 1 1, t rt ated, a consi derably
fast speed to thereby Taci Nt®te the . t\Nhead 81 in
vertically 25 upwar d ‘and el } wi |l thus & appreciated
that there is no;proble Wi the u rd an 0 %erd
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novenent of the test head 81. In addition, any increase in the - 34-
wei ght of the test head 81 would not in the | east affect e TEiEIVErIIUST
"~ the handle 31 by the operator as any increase in the wei QEEELA& gf @g ET
the air cylinders 4 serving as couterbal ancers. Accordi ngl ﬁ I't 1's appar ¢nf
that the present invention provides a,5 hand-operated tieqt @t 19y8
posi tioning apparatus having very exce&+lent operability. IMjreover, since
t he power source for noving the test head up and down i s jdeéFFved=frormm—
not hi ng but a manual axial torque input into the |ead schew by the handl e {
operation by the operator, the 10 operat or can accurat éLI“y eel the mutua
positional relation between the test secti d& of the handler to which the
test head is to be connected and the jack chanism so that the need for
comuni cation means may be glin nated. Need| ess, to say, no notor control

circuit is required. o © m
OO

W\ \
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v

4— 81
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15 On top of that, utilizing air cylinders nerely as a counter-

bal ancer permts the use of small-sized i nexpensive air cylinders, adding

“little to the initial cost of the entire IC tester. Besides, the |oad
exerted on the various conponents of the jack nechanlsn1does not exceed the

range of t he—raRua—axt+-al—of que, ens%rlng the safe 20 and snoot h

operation. ANEPLACEMENE SHEBI) regard<f the neasures for preventing the

test head fyomfatrTtmg T §hqg event of accidental failure of power source,

no speci al n@@tmﬁe GRAsYrgs are necessary, since the driving through
novabl e scr nbérs engagdeq with a |l ead screw 25 instead o)t or

driving makpsid o{take up the falling | oad under the.static |oad
condition by the friction betjween the | ead screw and the novaQfe screw

menbers if . movabl e -35- screw nenbers used as in

t he enbodi ment descri bed above. It should al so be noted that t he case
that the air supply to the
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air cylinders may be accidentally stopped, safety would be secured as the
.air cylinders are nmaintained at the set pressure by 5 i nt er posi ng check
val ves between the cylinders and an air source. Wile in the enbodi nent
descri bed above the arrangenent is such that the jackp; By nove
the novabl e support blocks 21, 21 B vertically up anﬂhgﬁégﬁﬁvﬁﬁgé$ﬁugi

whi ch the test head 81 attached to thé=rovabl e suppoft|{blocks 21, 211 His
moved up 10 and down, the jack nechanisns 1, 1 B MRy b6 c0CTi1998 ed tO
directly nove the test head 81 up and down. In this |Jngtance, the
connecting studs 14A, 14B are secured to the test hehd 81 and tire~——
hori zontal elongated slots 23A, 23B in which the slii 22A, 22B lof
the driven arns 18A, 18B are slidingly noved are formed in the test TIb
head 81. Alternatively, instead of the elongated slots 23A, 23B, two
horizontal ly extendi ng parallel spaced apart guide rails nmay be fornmed or
nount ed on either kgﬁ 2fl|s of the test head 81 or the novabl e support

4

bl ocks 21, 21 B. case, the vertical spacing 20 bet ween the two
parallel guide rails is nmade sonewhat |arger than the outer dianmeter of the
slide studs 22A, 22B so that the slide
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st uds 22A, 22B of the driven arns 18A, 18B may slide horizontally al ong the

-guide rails with the weight of the test head 81 supported by the upper
guide rail. It will thus be understood that provis N ui de
rails may provide simlar functional effects as prmg@qggmﬁ» ’LSHE& tion
of the elongated slots 23A, 23B. Furthgr, even witjh the L.si.on only
the upper rail, it is capable of suppotting the - 9%&?6 Bof t e test
head 81 and hence may provide simlar functional effects as _provi ded by the
formati on of the elongated slots 23A, 23B. Accordijngly, it should b
understood that the present invention is not limt nt and

construction of the 5 enbodi nent as descri bed above with reference to the

dr awi ngs. 37 - n
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MHAT IS CLAIMED | S: 1. A test head positioning apparatus used in a

sem conduct or device testing apparatus wherein sem conductor devices to be
tested are transported to a test section where the sem conductor devices
are contacted to a test head fromwhich the sem conductor devices are
applied with a test signal so that ggq sem conduriprHey T TesTs tested and
after conpletion of the testing, the—thus testgiMEeIBEd C 0O gvices are
carried out of the test section, said test head positioning appajatus
conprising: neans for noving the test head vertj dalg e goWesdl v it ¢ _and
downwardly from said sem conductor devices which fare positioned at a
predeterm ned elevation in the test section; countertatrancer—meanps havi ng a
driving force approxi mately equivalent to the weight of said testt head; and
hand- operat ed jack nechani sm neans for noving sald test head vertically
upwardly and downwardly in the test section; wherein said counterbal ancer
nmeans is installed at at | east two opposed positions of said test head and
the sum of driving forces of these counterbal ancer neans is set at a
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| evel approximtely equivalent to the weight of said test head. 2.  The

sem conduct or- device testing apparatus set forth in ga-m-t

\nhar nl A—S- | d

count er bdl ancer neans conprises an air cylinder, a h) R[‘HDMEI&MJT ﬁHEEI‘Dr an

oi | spring. -38 - 3. The test head p03|t|on| ng gpgaratus~setr-forth in

claim1l1, wherein said hand-operated jack, mechani sm nmgans ? gi;spjgged 01
t ha

each of the opposite side walls of sai ‘est head sugh

manual | y operating one of said two jack nechani sm negns+—sad-twojatk

an oper ator

mechani sm nmeans are sinultaneously operated to nove dai d test head

verti cal WASICLANMNEBEDISwr dl y. 4. The test hedd—positTom g«

apparatus set forth in claim3, wherein each of said counterbal ancer neans

Cost hoal posi 11 oy F5appet BeRrile heeR Eed hn 3'sSpis

SR dd: fRyice 1l g

jack mechani s gans, COS %h&ehr? e R UREOE dvi¥es to be tested are

transported to a test section where the semiconductor devices are

contacted to a test head from which the semiconductor devices are

applied with a test signal so that the semiconductor devices are tested

and after completion of the testing, the thus tested semiconductor devices

are carried out of the test section, said test head positioning apparatus

comprising:

means for moving the test head wvertically upwardly to and

downwardly from said semiconductor devices which are positioned at a

predetermined elevation in the test section;

counterbalancer means having a driving force approximately

equivalent to the weight of said test head; and

hand-operated jack mechanism means for movmg said test head

vertically upwardly and downwardly in the test sectlon wherein

said counterbalancer means is installed at at least two opposed

— positions of said test head and

the sum of driving forces of these counterbalancer means is set at a

level approximately equivalent to the weight of said test head.

2. The semiconductor device testing apparatus set forth in claim 1, wherein

said counterbalancer means comprises an air cylinder, a hydraulic cylinder or

an oil spring.
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hori zontal Iy extending and rotatably supported; at |east one novable screw
menber in threaded engagement with said | ead screw, and a drive arm

pi votally connected at one end to said novable screw
fo nmove said test head vertically upwardly and down
screw nenber is noved along said | ead screw. 6. Th
apparatus set forth in claim5, wherein™s&™d | ead sc eABchDgglqggg ack
nmechani sm means are coupl ed together by sprockets sepured to the respqctive
| ead screws and a chai n extendi ng between and connecfi Ng—sare—sp+ocketis so
as to be sinultaneously rotated in the sane direction_and at approxindtely
t he sanme speed, and including a handl e coaxially connected ditecrty—to the
| ead screw of one of -39 - said jack nechani sm neans. 7. The test head

o . f
o d | ack e aﬁﬁ%f@#’ﬁ%%ﬁ@%ﬁéﬂ@%%S‘Pééﬁ&*‘%@gg?thf‘g?ﬁ%@ @éﬁéﬂse@@%ﬁc{ o the
respective | eath f5rEWHeMEd95RK' Mechanism means is disposed on each of

the opposite side walls of said test head such that by an operator

jve
Bpl e
I oni ng

manually operating one of said two jack mechanism means, said two
jack mechanism means are simuitaneously operated to mave said test

head vertically upwardly and downwardly.

4.  The test head positioning apparatus set forth in claim 3, wherein
each of said counterbalancer means comprises an air cylinder, a
hydraulic cylinder or an oil spring.

5. The test head positioning apparatus set forth in claim 3, wherein
each of said jack mechanism means comprises a lead screw generally
horizontally extending and rotatably supported; at least one movable
screw member in threaded engagement with said lead screw; and a drive
arm pivotally connected at one end to said movable screw member and
operative fo move said test head vertically upwardly and downwardly as
said movable screw member is moved along said lead screw.

6.  The test head positioning apparatus set forth in claim 5, wherein
said lead screws of said jack mechanism means are coupled together by

sprockets secured to the respective lead screws and a chain extending
between and connecting said sprockets so as to be simultaneously
rotated in the same direction and at approximately the same speed, and

including a handie coaxially connected directly to the lead screw of one of

RN L



nmeans di sposed between and connecting said gears so as to be sinultaneously
rotated in the sane direction and at approxi mately the sane speed, and

i ncluding a handl e coaxially connected directly to the [g

sai d jack nmechani sm neans. 8. The test head positioni

a driven arm having approxi mately the sane shape and si as 293l 4 vy ¢
and novable as said drive armis noved, said drive armia d sald drlven afm

bei ng pivot connect,ed toget her generally at their
pi vot al | §3H£1ﬁ9§1 mechalis MRAM-e screw nenber is noved

screw to thereby nove said test head vertically upwardly and downwe
The test head positioning apparatus set forth in any one of clains 5 to 8,

wherein a plurality of said novable screw are thre&%g i Sajaggd W th each
of said | ead scffews %eimtmqadmomgl@ﬂaﬁﬁ%}ﬁﬂc g9 C =rmvab| e

screw nenbers _bei n éaw ded w d stud .to which said oneI

said cor rVéEQEﬁiEhS@ SHEEWS @ §a'§1 f&ﬂfﬁ&mﬁaf‘&@fﬁ%‘lﬁ
posi ti onid AREARH Gk Med Heldid the P@éﬁ’é&twe lead screws and gearing

means disposed between and connecting said gears so as 1o be

head

simultaneously rotated in the same direction and at approximately the
same speed, and including a handle coaxially connected directly to the
_ lead screw of one of said jack mechanism means.

8.  The test head positioning apparatus set forth in claims 5to 7,

wherein each of said jack mechanism means includes a driven arm
having approximately the same shape and size as said drive arm and
movable as said drive arm is moved, said drive arm and said driven arm
being pivotally connected together generally at their middle points and
pivotally movable as said movable screw member is moved along said

lead screw to thereby move said test head vertically upwardly and
downwardly.

9.  The test head positioning apparatus set forth in any one of claims 5 to
8, wherein a plurality of said movable screw are threadedly engaged
with each of said lead screws of said jack mechanism means, each of
said movable screw members being provided with a fixed stud to
which said one end of said corresponding drive arms are pivotally

connected.

10.  The test head positioning apparatus set forth in claim 1,

wherein said jack mechanism means is installed on each of the opposite

side walls of said test head such that by an operator manually operating

\\\\\Il\ \\\l\\ YV



wher ei n
wal | s of

- one of-‘said two jack nechani sm nmeans, said two jack
si mul t aneously operated to nove said test head verticall y
downwardly. 11. The test head positioning apparatus se¢t

wher ei n
hori zont

sai-d jack nmechani smnmeans is i nstal | ed on each ;EEEEE"% 0)
sai*d test head such that by an operator nanual i lople]

¢hani sm neans
IR EQ wyand

each of said jack nechani sm neans™ conpri ses a | ead—screwgeter

ally extendi ng and rotatably supported; at

Ebiey nééﬁ]@ﬁ
18

forth in claim

| eagt one npbvabl e scr

i de
10

—

10,

y
eW

menber in threaded engagenment with said | ead screw, and a drive arm

pi vot al | gnedfreaiddwvaia

mechanisrs andamsy &did two peleneehaaismapeans ve

to nove said, test head vertically upwardly and downwardly as said novabl e

screw megtRsimsiianaausly oneraied treadversaid tast heagevedizalhe

appar at u
nmechani s

S ag(i forthd'dn claiml 1, wherein said |lead screws of said jack
ANReRARYTRYRIEYupl ed

11. The test head positioning apparatus set forth in claim 10,
wherein each of said jack mechanism means comprises a lead screw

generally horizontally extending and rotatably supported; at least one
movable screw member in threaded engagement with said lead screw;
and a drive arm pivotally connected at one end to said movable screw
member and operative to move said test head vertically upwardly and

downwardly as said movable screw member is moved along said lead
screw.

12.  The test head positioning apparatus set forth in claim 11,
wherein said lead screws of said jack mechanism means are coupled
together by sprockets secured to the respective lead screws and a chain
extending between and connecting said sprockets so as to be
simultaneously rotated in the same direction and at approximately the

same spééd, and including a handle coaxially connected directly to the
lead screw of one of said jack mechanism means.

13. The test head positioning apparatus set forth in claim 11,
wherein said lead screws of said jack mechanism means are coupled
together by gears secured to the respective lead screws and gearing
means disposed between and connecting said gears so as to be
simultaneously rotated in the same direction and at approximately the

Same speed, and including a handle coaxially connected directly to the
lead screw of one of said jack mechanism means.

apwarslyi oni ng

) O A L



together by sprockets secured to the respective lead s
extending bet:ween and connecting said sprockets so as
rotated i'n the sanme direction and at approximately th

including a handle coaxially connected directly to thel lfeag: Wwygf ang of
sai d jack nmechani sm neans. 13. The test head position| Zati

g apparatus set
forth in claim11l, wherein said | ead scréds of said J ] d
are coupl ed together by gears secured to the respectivie | ead screws and
gearing neans di sposed between and connecting said gealf'5 50 as (O D€

si mul t aneousl y4r ot Fhedesthédibpssti®nitig epphmitusiet forthappclaxinsdtleloyl 3,he sane
speed, and including a handle coaxiaJTy connected directly to the |ead
screw ofwhaeeipfeaech @fjsaid jackimeichanisemmeans inaludastia dfiventarsn head
positioning apparatys set forth in clains 11 to 13, wherein each of said

| ack mediMNSAPRENIMaigly dae sameishaparant $i7e @sappibdrive arm and sane
shape anrglo%'azo‘fe A5 gg{qd d%rv'evaermarig1 r%g(\j/ed, said drive arm and said driven arm

being pivotally connected together generally at their middle points and

CEMENT SHERIY! v

sfame speed, and

pivatally movable as said movable screw member is moved along said

lead screw to thereby move said test head vertically upwardly and
downwardly.

15. The test head positioning apparatus set forth in any one of claims 11 to
14, wherein a plurality of said movable screw member are

threadedly engaged with each of said lead screws of said jack

mechanism means, each of sai—d movable screw members being

provided with a fixed stud to which said one end of said corresponding
drive arms are pivotally connected.

16. The test head positioning apparatus set forth in any one of claims 1 to

15, wherein two movable support means are disposed one
on each of the opposite side walls of said test head, said jack mechanism
means being mounted on said two movable support

means, respectively, and said test head being attached to said two
movable support means.

I



novabl e as-said drive armis noved, said drive arm and s‘ avt: rdf e
| SEREPL RPN ST ET

being pivotally connected together generally at their m
pi votal Iy novable as said novabl e screw nenber is noved faljong,sai d | ead
screw to thereby nove said test head vertically upwardly gn géﬁﬂhéwaly
15. The test head positioning appar at us ,set forth in ary.nnﬁ_gL_QL%+ﬂihlL
to 14, wherein a plurality of said nnvab%e-screM/nenberJare t hr eadedl'y
engaged with each of said |lead screws of said jack nechamsm-means,.each pf
sai d MESADHEAPCPOSITIONER EORSEMICONDUCTORVMDEVICEf TESTING ABPARAMUSCh sai d
one end of said corresponding drive arns are pivotally connected. 16. The
test head positioning apparatus s id-in any one of clains | to 15,
wherein two novabl e support neandggﬁggﬁgggosed one on each of the opposite
side walls of said test head, said jack nmechani sm neans bei ng nounted on
said two novabl e support neans, respectively, and said test head being

attached to sal Hahdop@mileldt SsPREAH gBsiloner for positioning the test

head of a semiconductor device testing apparatus is provided which

is easy to operate, highly safe in operation, and yet inexpensive.

Two air cylinders 4 are insfalled one at each of two opposed

positions of the test head 81. The sum of driving forces of these air
_ cylinders is set at a level approximately equivalent to the weight of
the test head to act as a counterbalancer. Hand-operated jack
mechanisms 1, 1B are disposed on the opposite side walls of the
test head, respectively. The jack mechanisms comprise long lead
screws 11, 11B rotatably supported, two movable screw members
12A, 12B in threaded engagement with the respective lead screws
12A, 12B, drive arms 16A, 16B pivotally connected at one ends to
the respective movable screw members, and driven arms 18A, 18B
having approximately the same shape and size as the drive arms and
being pivotélly connected to the respective drive arms 16A, 168,
respectiv-ely. By manually rotating one of the lead screws, the
movable screw members are simultaneously moved thereby moving

the test head vertically upwardly and downwardly.

Figure 1
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