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SEMICONDUCTOR DEVICE TESTING APPARATUS

BACKGROUND OF THE INVENTION
1. FIELD OF THE INVENTION

The present invention relates to a semiconductor device

testing apparatus with which is connected or integrated a

semiconductor device transporting and handling apparatus

(commonly called handler) for traasporting semiconductor

devices (such as semiconductor integrated circuits) to test

and sort out the tested semiconductor devices on the basis of

the test results, and particularly to improvements on that.

section of the testing apparatus for testing/measuring

semiconductor devices under test (commonly called DUT) which

have been brought into the test section of the semiconductor

device transporting and handling apparatus (which will be

called handler hereinafter) by the handler.

2. DESCRIPTION OF THE RELATED ART

A semiconductor device testing apparatus for testing

semiconductor devices has often connected or integrated

therewith a handler for transporting semiconductor device

under test to subject them to predetermined tests and sort

out the tested semiconductor devices on the basis of the test

results as noted above.

For simplicity of description, in

the following disclosure will be taken as an example the

semiconductor device testing apparatus (commonly referred to

as IC tester) for testing semiconductor integrated circuits
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as will be referred to as IC hereinbelow which are typical of'
semiconductor devices.

Fig. 6 is a schematic éide view illustratiné an example
of the semiconductor device testing apparatus (which will be
called IC tester hereinafter) of the type described above.
The IC tester comprises a tester proper (which is known as
main frame in the art concerned) 11 in which wvarious

electrical circuits, power source or supply and the like are

mainly:abcommodated, a handler 12 equipped with an automatic

transporting mechanism for trénsporting ICs, and a test heéd
13 electrically connected with but constructed separately
from the tester propar 11 and mounted in.ihe test section of
the handler 12. '

ICs under test which have been transported into the test
section by the automatic transporting mechanism of the
handler 12 are brought into electrical-contac; with the test
head 13 (specifically the IC socket or sockets mounted on the
test head 13), and hence electrically connected ﬁith the
tester proper 11 th;ough the test head 13 and a bundle of
cables 14. A test'signal having a predetermined pattern as
supplied from.the tester proper 11 to the test head 13
through the bundle of cables 14 is applied to the ICs under
test, and response signals read out from the ICs under test
are transmitted to the tester proper 11.throu§h thg test
heasd 13 and the bundle of cables 14, thereby to measure the
electric characteristics of the ICs.

The test section of the handler is usually disposed in a
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constant temperature chamber (not shown) for giving a
predetermined temperature stress to ICs under test to meet
the requirement that ICs under test be tested in an
atmosphere at a predetermined temperature. In order to
permit ICs under test transported into the test section to be
electrically contacted with the IC socket mounted in the test
head 13, the constant temperature chamber is provided in its
bottom wall with an opening in which there is fitted and
fixed a mounting fixture (which is comménly called "Bi~fix
Base" or "Test Fixture" in the art concerned) for
electrically connecting the test head 13 of the IC tester
with the test section in the constant temperature chamber of
the handler 12. _

Accommodated in the test head 13 are mainly a gang of
drivers for applying a predetermined pattern of test signals
to ICs under test, a gang'of comparators CP for determining
whether the outpﬁt signals read out of the ICs under test are
a high (H) logic signal or a low (L) 1ogic,signai having a
predetermined value of voltage, respectively, and a power
line, these components and the power line being electrically
connected with the tester proper 11 through the cables 14.

Mopnted on the top of the test head 13 is a performance
béard 30, as shown in Fig. 5, on which there is mounted an IC
socket 20 with an adapter socket 40' interposed therebetween.
Consequently, in the example shown in Fig. 5, the adapter
socket 40°' constitutes a mounting fixture. Alternatively,
the mounting fixture may comprise a socket board spaced a
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predetermined distance ﬁpwardly from and mounted to the
performance board 30, and an IC socket 20 mounted directly oh
the socket board. In this latter case, electrical connection
between the performance board 30 and the socket board is

5 established by means of connecting means such as connecting
boards, cables, wires or the like. It is to be noted that an
adapter'socket may be interpcsed between the socket board and
the IC socket 20.

As noted above, the bottom wall of éhe constant

10 temperature chamber of the handler 12 is typically formed
with an opening in which the mounting fixture described abéve
is mounted so that the IC socket 20 mounted either on the top
of the performance board 30 via the adapter socket 40' or on
the socket board may be located at a predetermiped position

15 in the test section within the constant temperature chamber,
the arrangement being such that ICs 10 under teét which have
been brought into the test'section by the automatic
transporting mechanism are put into electrical contact with
the IC socket 20 to test the ICs 10 for their electrical

20 characteristics.

Generally, ICs 10 under test, loaded on a tray, are
transported into the test section within the constant
temperature chamber where the ICs under test are tfansferred
by transport means from the tray onto the IC sockets 20 to be

25 tested for their electrical characteristics. 'Upon completion
of the testing, the tested ICs are transferred by the

transport means from the IC sockets 20 onto the tray,
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followed by being carried on the tray out of the constant

temperature chamber. The tested ICs are then sorted out

based on the data of the test results. It is to be noted

here that the tray for transporting ICs 10 under test into
the test section may be the same as or different from the
tray used to carrying the tested ICs from the test section
and out of the constant temperature chamber. Some handlers
may be equipped with no constant temperature chamber.

The transport means for transferring ICs 10 under test
from the tray onto the IC sockets 20 and/or the transport
means for transferring the tested ICs from the IC sockets éo
onto the tray in the test section are provided with carrier
head means having attached thereto a contact arm means 91 as
shown in Fig. 5. The transport means includes carrier arm
means movable in X and Y directions perpendicular to each

other in a horizontal plane so that the carrier head means is

movable by the transport means in X and Y directions. The

contact arm means 91 is movable in a % direction (upwardly

and downwardly as viewed in Fig. 5) perpendicular to the X

.and Y directions, and has a pick-up head 92 attached thereto

at its tip end. The pick-up head 92 may be either of the
configuration to attract and grasp ICs by vacuum suction ox
of the configuration to grasp ICs by mechanical means such as
a chuck. '

It is thus to be appreciated that the contact arm means
91 is positioned with respect to the X and Y directions by

the transport means where the contact arm means 91 is
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of grasping an IC by means of its pick-up head 92, pressing
the grasped IC against the IC socket 20, and releasing the
grasped IC. It will be obvious that the carrier head means

or other mobile means having the contact arm means 91 thereto

" may be configured to be movable in the Z direction

perpendicﬁlar to the X and Y directions.

Fig. 2 diagrammatically illustrates the operation of the
transport means and the contact arm means 91 in the test
section as described above. The transport means is
represented by an X direction mobile means 3X which is driéen
transversely (in left-right directions of the drawing), a ¥
direction mobile means 3Y which is driven longitudinally (in
upward and downward directions of the drawing), and a 2
direction mobile means 3Z which is-driven in a direction
perpendicular to the X and Y directions (in a direction
passing through the plane of the drawing). The contact arm
means 91 is affixed to the 2 direction mobile meéns 3z so |
that the pick-up head 92 mounted to the_tip of the contact.
arm means is positioned at a predetermined position by the X
direction mobile means 3X, the Y direction mobile means 3Y
and the % direction mobile means 32.

More specifically, Fig. 2 illustrates the configuration
in which the Y direction mobile means 3Y is first driven and
positioned in the X direction (as ghown in the dotted lines
in the drawing) by the X direction mobile means 3X, followed

by the 2 dire¢tion mobile means 3Z being driven and
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positioned in the Y direction by the Y direction mobile means
3Y, and finally the contact arm means 91 being driven in the
2 direction by the Z direction mobile means 3Z to position
the pick-up head 92 in place.

ICs 10 under test, loaded on the tray 110, have been
transported into the test section 600 where the X direction
mobile means 3X, the Y direction mobile means 3Y and the 2
direction mobile means 3% are driven as described above to
move the pickpup head 92 of the contact arm means 91 to a
position above an IC 10 under test and bring the head into
abutment with the IC to grasp it by virtue of vacuum suctién
or by mechanical means.

Then, the X direction mobile means 3X, the Y direction
mobile means 3y and the Z direction mobile means 3z are
driven in the reverse procedure to transfer the IC 10 under
test grasped by the piék-up head 92 to a position above the
IC socket 20 disposed in the test section 600 where the 2
direction mobile means 32 is driven to lower the‘pick-up head
92 to thereby put the IC under test into electrical contact
with the IC socket 20. The 2 direction mobile means 32
maintains the IC under test under the pick-up head 92 in
abutment (urged or fmessed) against the IC socket 20 to
ensure electrical contact between the leads of the IC under
test and the terminals of the IC socket 20. In this
position, a predetermined pattern of test signals is supplied
from the tester proper 11 tﬁrough the test head 13 to the IC
socket 20 to be applied to the ICs under test, and response
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signals from the IC under test are transmitted from the test
head 13 back to thé tester proper 11 to measure the electric
characteristics of the IC. Upon completion of the test, the
Z direction mobile means 3Z is driven to raise the contact
arm means 91 whereby the tested IC as grasped by the pick-up
head 92 is moved upwardly. Then, thg X direction mobile .
means 3X and thé b4 direction mobile means 3Y are driven to
transfer the tested IC to a position abqve a predetermined
location in a device sorting and housing tray 210, followed
by the Z direction mobile means 3Z being driven to lower the
contact arm means 91 to thereby place the IC just above.thé
predetermined location in the device sorting and housing tray
210, whereupon the grasping force of the pick-up head 92 is
released to deposit the tested IC into the device sorting and
housing tray 210 at the predetermined location.

Referring to Figs. 3 and 4, a specific example of the
electrical connection between the performance board 30 and
the IC socket 20 will now be described.

As discussed above, IC sockets 20 may be mounted on the
pexformance board 30 of the test head 13 in various manners.
The example shown in Figs. 3 and 4 is representative of the
arrangement in which IC sockets 20 are mounted on the
performance board 30 by means of a mounting fixture 55 (which
is commonly known as "Hi-fix Base" or "Test Fixture" as noted
above) for electrically connecting the test section in the
handler 12 (see Fig. 6) and the test head 13 (see Fig. 6).

The mounting fixture 55 comprises a box-like housing S6
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open at the top, an insulating base board 60 housed in the
bottom of the box-like housing 56; and a socket board 40 with
an insulating spacer board 50 interposed therebetween. IC
sockets 20 are mounted on the socket boards 40. 1In example
shown, on the base board 60 are placed two socket boards 40
on each of which an IC socket 20 is mounted. 7This is only
one illustrative arrangement, however. It is a matter of
course that the number of the IC socketlzb may be increased
or decreased depending on the configuraﬁion of the handler.

The socket board 40 and the base board 60 each comprise a
multi-layered printed board as shown in Fig. 4. Each sockét
board 40 is provided with pin connector portions 41 into
which the terminal pins 21 of the IC socket 20 are fitted,
and conductive plated through holes 43 (through holes plated
with conductive material around the peripheral wall of the
through holes and over the top and bottom surfaces of the
board around the thrqugh-holes).electrically connected
through a conductive layer 42 with the respectivé pin
connector portions 41. .

Bach spacer board 50 is also provided with conductive
plated through holes 51 in alignment with the corresponding
conductive plated through holes 43 and is formed with an.
opening 52 underlying the region of the pin connector
portions 41 of the socket board 40.

The base board 60 is provided with contact pin mounting
holes (conductive plated through holes) 61 in which are

fitted and secured contact pins 64 which are in turn fitted
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for electrical contact into connector portions provided on
the.performance board 30, and conductive plated through holes
63 electrically connected through a conductive layer 62 with
the respective contact pin ﬁbﬁnting holes 61. The through.
holes 63 are formed through the base board 60 at locations
corresponding with the through holes 51 of the spacer board
50 as well.as the through holes 43 of the socket board 40.
Resilient connectors 70 and 70' are interposed between
the socket board 40 and the spacer board 50 at least in the
regions where the through holes 43 and 51, respectively, are
formed and between the socket board 40 and the spacer board
50 at least in the regions where-the through holes 43 and 51,
réspectively are formed, respectively. Each of the resilient
connectors 70 and 70' may be formed of a sheet of insulating
resilient material such as rubber and very thin needle wires
71 embedded in the sheet across the thickness thereof, the
needle wires being electrically isolated and relatively
closely spaced from each o£her. Each needle wiré 71 has its
opposite ends flush with of recessed from the opposite
surfaces (top and bottom surfaces) of the resilient sheet
such that when the reailient sheet is compressed in the
direction of thickness, the opposite ends of the needle wires
71 are exposed to establish electrical connection between the
conductors contacted by the top and bottom surfaces of the
resilient sheet. .
The IC socket 20 is connected with the socket board 40 of

the mounting fixture 55 thus constructed, the contact pins 64
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of the base board 60 is connected with the connector portions
of the performance board 30, and then mounting fixture -55 is
mounted in the opening of the handler 12 (Fig. 6). It will
be appreciated that upon an IC. 10 unde;_test being brought
into £he IC socket 20 thus arrangéd'in the test section of
the handler 12, the leads of the IC 10 under test are
electrically connected with the connector portions of the
performance board 30 through the terminal pins 21 of the IC
socket 20, the pig connector'portions 41 of the socket board
40, the conductive layer 42, the conductive plated through
holes 43, the resilient connector 70 {specifically, the .
needle wires 71), the conductive plated through holes 51 of
the spacer board 50, the resilient connector 70’
(specifically, the needle wires 71), the conductive plated
through holes 63 of the base board 60, the conductive layer
62, the contact pin mounting holes 61 and the contact pins
64. It is noted that contact pins 31 may be secured to the
respective connector portions of the performance-board 30 and
resiliently biased in order to ensure electrical contact.

The performance board 30 is constructed of a multi~
layered printed board, and the connector portions of the
performance board 30 are connected with one ends of the
corresponding conductor layers of a wiring pattern (éattern
of conductor layers) formed radially in the performance board
30. The opposite ends of the.conductor layers are connected
with the connector terminals 34 attached to the performance

board 30 so as to extend downwardly from the bottom surfaée

8e/C1 'd TN (e 6¢:81  L661-01-11

[ (21T d99d GIINIdd) 2T 39Wd hE9B-EES IV 66T GE:AT BT/1T qIAI3IY ]



10

15

20

25

T

/'.

This Sheet Has Been Re“laced

(A

-12-

thexeof. Connected with these connector terminals 34 are
connectors 33 which in turn are connected with connectors 33
from each of which a coaxial cable 35 leads to the tester
proper 11 (see Fig. 6).

" While the conventional example of Figs. 3 and 4'
illustrates the arrangement in which the IC socket 20 is
mounted on the socket board 40 which is one component of the
mounting fixture 55, there is another type of mounting
fixture in which the socket board 40 has connected thereto a
further adapter socket to which the IC socket 20 is
connected, and still ahother type of mounting fixture in
which the IC socket 20 is attached to the top of the
performance board 30 with an adapter socket interposed
therebetween without using socket board 40.
| It should be noted that since the mounting fixture 55
shown in Figs. 3 and 4 is configured to be able to be used as
an adapter socket as well, it allows for testing various
specifications of ICs utilizing the same test he;d and
performance board 30 if the socket board 40, spacer.board 50
and base board 60 of the mounting fixture 55 are configured
so as to match the IC sockets 20 for the various types of ICs
to be tested.

Referring back to Fig, 5, in the test section within the

constant temperature chamber of the handler, as noted above,

_an IC 10 under test, grasped by the pick-up head 92 at the

tip end of the contact arm means 91, is éransported to a

position above an IC socket 20 where the contact arm means 91
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is lowered to put the IC 10 under test into electrical
contact with the IC socket 20. In this position, a
predetermined pattern of test signals is supplied from the
tester proper 11 to the IC socket 20 through the test head
5 13, the performance board 30 and the adapter socket 40' to be

applied to the IC under test. Response signals from the IC
10 under test are transmitted through the IC socket 2o,¢the
adapter socket 40', the performance board 30 and the test
head 13 ﬁack to the tester proper 11 to measure the électric

10 characteristics of the IC 10 under test.

It should here be ncted, however, that no special
provision for electromagnetic shielding is made for the
wiring pattern of the performance board 30, IC socket 20, the
adapter socket 40' and ICs 10 under test, which components

15 are consequently unprotected against extefnal noise including
any noise produced by the handler itself. When one uses the
mounting fixture of the type in which an IC socket 20 is
mounted on a socket board 40 with or without an adapter
socket 40' interposed, the socket board 40 being attached via

20 a spacer to the top of the performance board 30, it is
required that the performance board 30 and the socke£ board
40 be electrically interconnected by means of connecting
means such as connecting boards, cables, wires or the like or
through the resilient connectbrs 70, 70', the conductive

25 through holes 43, 51 and 63, etc.. In that case, the
connecting means such as connecting boards, cables, wires or

the like will als¢ be unprotected against external noise.

i
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When ICs to be tested are analog devices or analog
/digital mixed devices and they are to be tested in a high
frequency région, then ICs under test, IC sockets, socket
boards, adapter sockets, performance board, etc. are highly
subject to the influence of external noise if they remain
exposed. Should they be affected by external ncise, th;fé
would occur the serious problem that the accurate testing or .

measuring of ICs under test might be impossible.

9] NTIO

It is an object of the present invention‘to provide a
semiconductor aevice testing apparatus which is capable of
conducting the test on analog devices or analog/digital mixed
devices without being subject to the influence of any
external noise.

According to the present invention, the foregoing and

other objects of the invention are accomplished by pfoviding

- a semiconductor device testing apparatus having a

semiconductor device transporting and handling apparatus
connected or integrated therewith for transporting
semiébnducto; devices under test to a test section to bring
the semiconductor devices into electrical contact with a
socket or sockets disposed in the test section and, upon
completion of the test, transporting the tested semiconductor
devices out of the test section, in which a shield means is
provided on a performance board of a test head, the shield

means covering the socket and at least that portion of the
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surface of the performance board to which the socket is
attached and its adjoining outer peripheral area.

The shield means comprises a shielding case attached to
the performance board such that it covers the socket and at .
least that portion of the surface of the performance board to
which the socket is mounted and its adjoining outer
peripheral area, and electrically connected with a ground-
potential face of the performance board, and an electrically
conductive cover plate attached to a coﬁtact arm which forms
a component part of the semiconductor device transporting and
handling apparatus and which is adapted to grasp and .
transport a semicoﬁductor device under test in the.test
section.

The shielding case may be attached on or to the outer
periphbery of the performance board such that it covers
approximately the entire surface of the perforhancg board to
which the socket is mounted.

The top wall of the shieiding case is formed with an
opening through which the contact arm may move into and out
of the shielding case. And the shielding case is provided
with an electrically conductive, resilient spring contact
surrounding the opening mounted thereto. 1In a preferable
embodiment, the spring contact maf he an electrically
conductive leaf spring.

It is noted that the contact arm is equipped at its tip
end with a pick-~up head for graéping a semiconductor device,

which may be either of the configuration to attract and grasp
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. a semiconductor device by vacuum suction or of the

configuration o grasp it by mechanical means such as a-
chuck.

It is preferable that the location where the covei plate
is attached to the contact arm be such that when the contact
arm is lowered until the semiconductor device under test
grasped by the contact arm comes into contact with the
socket, the cover plate will press the spring contact
downwardly. o

When the contact arm is formed of an electrically

conductive material, an electrically insulating spacer is

interposed between the contact arm and the cover plate.

B PT W

Fig. 1 is a schematic cross-sectional view showing the
construction of the principal portion of one embodimént of
the IC tester according to the present invention;

Fig. 2 is a diagrammatical view illustratiné the
operation of the transport means and the contact arm means in
the test section;

Fig. 3 is a schemaﬁic cross—-sectional view illustrating
the electrical connection between the performance board and
the IC socket: -

Fig. 4 is an enlarged cross-sectional view of a portion
of Fig. 3; '

Fig. 5 is a schematic cross-sectional view showing the

construction of the principal portion of an example of the

\
\
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conventional IC tester according to the present invention;
and
Fig. 6 is a schematic side view illustrating the general

arrangement of the IC tester.

D C ION OF

Fig. 1 is a schematic cross-sectional view showing the
construction of the principal portion of one embodiment of
the IC testex a;cording to the present invention. It is to
be understood that those portions or components which
correspond to portions or components shown in Fig. 5 are
designated by the like reference numerals and will not be
discussed again unless needed.

In one embodimanf of the present invention, in an Ic
tester in which an IC socket 20 is mounted via an adapter
socket 40' on a performance board 30 of a test head 13, the
IC socket 20 being disposed in a test section of a handler
such that an IC 10 under test which has been brought into the
test section by transport means, not shown, while being
grasped by a pick-up head 92 of a contact arm 91 may be put
into electrical contact with the IC socket 20 by lowering the

contact arm 91 to test'the IC for its characteristics, the IC

10 under test, the IC socket 20 and the adapter socket 40°,

including that surface of the performance board 30 having a
wiring pattern exposed are electromagneticaliy shielded by a
shielding case 100 so that the IC 10 under test and other

elements; and connecting conductors such as the exposed
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wiring pattern and connectors may not be subject to the
influence of external noise ipcluding any noise generated by
the handler itself.

In the embodiment shown in Fig. 1, a shielding case 100
having a bottom surface area which is approximately the same
as that of the performance board 30 is used. The lower end .
peripheral edge 101 of the shielding case 100 is electrically
connected with a ground-potential face 36 of the performance .
board 30 around its outer periphery to ﬁaintain the shielding
case 100 at the ground potential so that the IC 10 under
test, the IC socket 20 and the adapter socket 40' and that.
surface portion of the performance board 30 having a wiring
pattern exposed are electromagnetically shielded by the
shielding case 100. BHowever, the wiring pattern exposed on
the surface of the performance board 30 is typically limited
to that portion of the performance board to which the adapter
socket 40' is attached and its adjoining outer peripheral
area. Accordingly, it will be sufficient if the bottom
surface area of the shielding case 100 is large just enough
+to cover that surface area of the performance board 30 on
which the wiring pattern is exposed. It is thus to be
appreciated that the IC 10 under test, the IC socket 20, the
adapter socket 40' and that surface portion of the
performance board 30 on which the wiring pattern is exposed
can be electromagnetically shielded by placing a shielding
case having such a limited bottom surface area on the.

performance board 30 with the lower end peripheral edge of
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the shielding case being electrically. connected with the
ground-potential face 36 of the performance board 30.

For mounting the shielding case 100 to the performance
board'SO; welding including soldering, screw-fastening, and
any other suitable securing means may be adopted depending on
the material, .shape and construction of the shielding case
100.

The top wall of the shielding case 100 need be formed
with an opening 102 through which the contact arm 91 with the
pick—ﬁp head 92 grasping and carrying an IC under test may
move into and out of the shielding case 100. However, .
providing the opening 102 would possibly allow ingress of
externai noise into the interior of the shielding case 100
through the opening 102.

_ For this reason, in the illustrated embodiment, the
shielding case 100 is provided with a spring contact 103
surrounding the opening 102 and electrically connected with

the shielding case while the contact arm 91 has a cover plate

- 104 attached thereto at an appropriate location thereof, the

cover plate 104 being sized to cover the opening 102. The
location where ﬁhe cover plate 104 is attached to the contact
arm 91 is such that when the contact arm 91 is lowered until
the leads of the IC 10 under test come into proper contact
with the terminals of the IC socket 20, the cover plate 104
is brought into contact with-the spring contact 103 attached
to the shielding case 100 to somewhat further press the

spring contact 103 downwardly. With this construction, the
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cover plate 104 will have the same ground potential as the
potential §f the shielding case 100 and the spring contact
103.

" The cover plate 104, which forms part of the shield
means, is formed of_ah electrically conductive material. If
the contact arm 91 were made of a conductivé material,'the
cover plate 104 would not be at the same potential as that of
the shielding case 100 since the potential on the side of the
handler would be applied to the cover plate 104 through the
contact arm 91. For this reason, in the illustrated
embodiment, the cover plate 104 is secured via an insulatiég
spacer 105 to the contact arm 91. As a result, since the
cover plate 104 is electrically insulated from the contact
arm 91, the spring contact 103 and the shielding case 100 as
well as the contact arm 91 are completely isolated from the
potential of the contact arm 91.

While practically the IC tester is constructed such that
the test head 13 and the handler 12 are maintaiﬁed at a
common ground potential, it is preferable that the two be

electrically insulated from each other in view of a situation

where there may possibly occur a differential in potential

between the two due to some cause or other.

While the embodiment described above is representative of

the case in which the IC socket is mounted via the adapter

socket 40' on the performance board 30 of the test head 13,
it will be evident that in the case where the IC socket is

mounted directly on the performance board 30 as well, the IC
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10 under test, the IC socket 20, the adapter socket 40' and
that surface portion of the performance board 30 on which the
wiring pattern is exposed can likewise be electromagnetically
shielded by the shielding case of the configuration similar
to that described in connection with the illustrated
embodiment .

It is also needless to say that in the case where the IC
socket is mounted via an adapter socket or directly without
an adapter socket on a socket board which is attached via a
spacer to the top of the performance board 30 as well, the IC
10 under test, the IC socket 20, the adapter socket, and the
connecting conductors and connectors for electrically
connectlng the performance board 30 and the socket board can
likewise be electromagnetically shielded by the shielding
case of the configuration similar to that described in
connection with the illustrated embodiment.

Tt will be understood from the foregoing that the
interior space enclosed by the shielding case 100 defines an
electromagnetically completely shielded, closed space during
the time in which the IC 10 under test is being tested, since
the shielding case 100, the spring contact 103 and the cover
plate 104 are electrically connected with the ground-
potential face of the performance board 30 to be maintained
at the ground potential. Hence, the IC 10 under test, the IC
socket 20 and the wiring pattern or connecting conductors and
connectors exposed on the surface of the performance board

30, or the adapter socket 40', socket board and connecting

!
3
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conductors and connectors for electrically connecting the
performance board 30 and socket board, all housed in the
closed space, are completely shielded from external noise
during -the process in which the test is being conducted.
Consequently, even when ICs to be tested are analog devices
or analog/digital mixed devices and they are to be tested in
a high frequency region, it is possible to test such ICs
under test accurately and measure their electrical
characteristics.

It should be noted here that when the contact arm 91 is
formed of an elec;rically insulating material such as plas;ic
or the like rather tham of an electrically conductive
mate#ial such as metal, it is not required to interpose the
insulating spacer 105 between the contact arm 91 and the
cover plate 104,

While the spring contact 103 in the form of a leaf spring
is used in the embodiment described above, it is to be
understood that any resilient contact may be used as the
spring contact 103, provided that it is made of an
electrically conductive and resilient material.

In addition, while the embodiment described above
illustrates the case where there is a single contact arm 91
and "hence only one IC socket mounted on the top of the
performance board 30, it will be apparent that similarly
configured shield means may be employed with similar
functional effects, when a plurality of IC socket are mounted

on the top of the performance board 30 with a corresponding
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numbef of éontact arms 91 provided.

Moreover, it will be appreciated that the present -
invention is applicable with equal functional effects to not
onlf the IC tester having integrated therewith the handler of
the type in which ICs under test are loaded on a tray and
transported into the test section, but also the IC tester
having integrated therewith the.handler of the type in which
ICs under test are individuvally transported into the test
section as by suitable transport means such as IC carriers or
by being allowed to glide along a surface by virtue of their
own weight, as long as the handler is of the type in which
ICs under test are grasped and put into contact with the IC
socket by the pick-up—heéd attached to the contact arm 91.

While the invention has been described in the foregoing
discussion as being applied to the IC tester adapted to test
ICs which are typical of semiconductor devices, it will be

obvious that the -invention is also applicable, with similar

‘advantages, to various types of semiconductor device testing

apparatus for testing semiconductor devices other than ICs.
As is discussed above, accordigg to the present

invention, in a semiconductor device testing apparatus in
which a semiconductor device under test is trdnsported into
the test section of the handier while grasped by a pick-up
head of a contact arm and is, while still remaining grasped
by the pick-up head, brought into electrical contact with a
socket disposed in the teét section by moving the contact
arm, the socket and a shielding case covering at least a

!
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portion of that surface of a performance board of a test head
on which the socket is mounted are electrically connected
with a ground-potential face of the performance hoard, while
the top wall of the shielding case is formed with an opening
through which the contact arm 91 with the pick-up head may
move into and out of the shielding case, whereby the
semiconductor under test grasped by the pick-up head and
brought into electrical contact with the socket, the socket,
and at least a portion of the surface of the performance
board are confined in a closed space enclosed by the
shielding case.

From the foregoing discussion, it will be appreciated
that these components and connecting conductors are
electromagnetically shielded from the exterior to be free
from the influence of any external noise by the shielding
case which is at the ground potential. Even if semiconductor
devices to be tested are analog devices or analog/digital
mixed devices and they are to be tested in a high frequency
region, the present invention provides the remarkable
advantage that such semiconductor devices under test can be
tested accurately and measured for their electrical
characteristics under the condition where they are completely

shielded from external noise.

——r—
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WHAT IS CLAIMED IS:

1. A semiconductor device testing apparatus having a

semiconductor device transporting and handling apparatus

_ connected therewith for transporting a semiconductor device
under test to a test section to bring the semiconductor
device into electrical contact with a socket disposed in said
test section and, upon completion of the test, transporting
the tested semiconductor device out of said test section,
characterized in that:

a shield means is provided on a performance board of a
test head, said shiéld means covering said socket and at
least that portion of the surface of said performance board
to which said socket is attached and an area adjoining the

outer- peripheral of that portion.

2. The semiconductor device testing apparatus according
to Claim 1, wherein said shield means comprises a shielding
case attached to thé performance board such that it covers.
said socket énd at least that portion of the surface of said
performance board to which said socket is mountéd-and an area
adjoining the outer peripheral of that portion, said
shielding case being electrically connected with a ground-
potential face of said performance board, and an electrically
conductive cover plate attached to a contact arm which forms
a component part of the semiconductor devige'transporting and
handling apparatus and which is adapted to grasp and

transport a semiconductor device in said test section.

-—
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3. The semiconductor device testing apparatus according
to Claim 1, wherein said shield means comprises a shielding
case attaghed to the outer periphery of said performance
board such that it covers approximately the entire surface of
the performance board to which the socket is mounﬁed, said
shielding case being electrically connected with a ground-
potential face of said performance board, and an electrically
conductive cover plate attached to a conﬁact arm which forms
a component par£ of the semiconductor device transporting and

" handling apparatus and which is adapted to grasp and

"transport a semiconductor device in said test section.

4. The semiconductor device testing apparatus according
to Claim 2, wherein said shielding case is formed through its
top'wall with an opening through which said contact arm may
move into and out of said shielding case, an electrically
conductive, resilient contact surrounding said oéening being

attached to said shielding case.

5. The semiconductor device testing apparatus according
to Claim 2, wherein said resilient contact is an electrically

conductive leaf spring.

6. - The semiconductor device testing apparatus according
to Claim 2, wherein said contact arm is equipped at its tip
end with a pick-up head for grasping a semiconductor device,

8E/L7 4 ' D (WS L8l L66L-01-1)

[ (42 39vd GIININ4) 22 ©9Yd HhE9B-EES 1Y 2661 15:L1 @T/1T @dA13I3Y 1



e —

i .

-27-

which may be either of the configuration to attract and grasp
the semiconductor device by vacuum suction or of the

configuration to grasp it by mechanical means.

7. The semiconductor device testing apparatué according
to Claim 3, wherein the location where said cover plate is
attached to said contact arm is such that when said contact
arm is lowered until the semiconductor device under test
grasped by the contact arm comes into contact with said
socket, said cover plaie will press said resilient contact

*

downwardly.

8. The semiconductor device testing apparatus according
to any one of Claims 2 to 7, wherein said contact amm is'
formed of an electrically conductive material, an
electrically insulating spacer being interposed between said

contact arm and said cover plate.

9. A semiconductor device festing apparatus having a
semiconductor. device transporting and handling apparatus
connected therewith for transporting a semiconductor device
under test to a test section to bring the semiconductor
device into electrical contact with a socket disposed in said
test section and, upon completion of the test, transporting
the tested semiconductor device out of said test section,
wherein in said test section, a semiconductor device grasped

by a grasp means mounted to said contact arm at its tip end

i
1
'

8€/8¢ d INELG R 8%:81  L661-01-11

{ (82 d9vd GILNIHd) 82 3JIUd HE9@-EES 1Y 2661 25:27 BI/11 Q3IA13039 ]



S e

T

-28-

is brought into electrical contact with the socket disposed
in said test section by'moving said contact arm which is a
component p$r£ of the semiconductor device transporting and
handling apparatus, characterized in that:

a shielding case is attached to a performance board of a
test head, said shielding case covering said socket and at
least that portion of the surface of said performance board
to which said socket is mounted and an area adjoining the
outer peripheral of that portion, said shielding case being
electrically connected with a ground-potential face of said
performance board; and o

" an opening is formed through the top wall of the

shielding case, through which said contact arm with said

grasp means may move into and out of said shielding case.

10. The semiconductor device testing apparatus according
to Claim 9, wherein an electrically conductive,.resilient
contact surrounding said opening is attached to said
shielding case, and.an electrically conductive cover plate is
attached to said contact arm and positioned such that as said
contact arm is lowered, said cover plate comes into contact

with said resilient contact.

11. The semiconductor device testing apparatus according
to Claim 9, wherein said shielding case is attached to the
outer periphery of said performance board such that it covers

approximately the entire surface of the performance board to

!
1
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which the socket is mounted, said shielding case being
electrically connected with_a ground-potential face of said

performance board.

12. The semiconductor device testing apparatus according
to Claim 10, wherein said resilient contact is an

electrically c¢onductive leaf spring.

13. The semiconductor device testing apparatus according
to Claim 9, wherein said contact arm is equipped at its tip
end with a pick-up head for grasping a semiconductor device,
which may be either of the confiquration to attract and grasp.
the semiconductor device by vacuum suction or of the

configuration to grasp it by mechanical means.

14. The semiconductor device testing apparatus according
to Claim 10, wherein the location where said cover plate is
attached to said contact arm is such that when said contact
arm is lowered until the semiconductor device under test
grasped by the contact arm comes into contact with said
socket, said cover plate will press said resilient contact

downwardly.

15. The semiconductor device testing apparatus according
to any one of Claims 10 to 14, wherein said contact arm is
formed of an electrically conductive material, an

electrically insulating spacer being interposed between said

i
1
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contact arm and said cover plate.
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ABSTRACT

an IC tester which is capable of conducting.the test on
analog devices or analog/digital mixed devices without being
subject to the influence of any external noise is provided.
A shielding case 100 is attached to a performance board 30 of
a test head 13 and covers an IC socket 20 disposed in the
test section of the handler 12 and at least that portion of
the surface of the performance board to'which the socket is
mounted and an area adjoining the outer peripheral of tha£
portion. The shielding case is formed through its top waii
with an opening 102 through which a contact arm 91 with a
pick-up head 92 may move into and out of the shielding case.
An electrically conductive spring contact 103 surrounding the
_opening is attached to the shielding case, and an
electrically conductive cover plate 104 is attached to the
contact arm and positioned such that as the contact arm is
lowered, the cover plate comes into contact w1th the spring

contact to sllghtly press the latter.
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SEMICONDUCTOR DEVICE TESTING APPARATUS

BACKGROUND OF THE INVENTION
l. FIELD OF THE INVENTION

The present invention relates to a semiconductor device
testing apparatus with which is connected or integrated a
semiconductor device transporting and handling apparatus
(commonly called handler) for transporting semiconductor
devices (such as semiconductor integrated circuits) to test
and sort out the tested semiconductor devices on the.basis of
the test results, and particularly to improvements on that
section of the testing apparatus for testing/measuring

semiconductor devices under test {commonly called DUT) which

have been brought into the test section of the semiconductor

device transporting and handling apparatus (which will be

called handler hereinafter) by the handler.

—~

2. DESCRIPTION OF THE RELATED ART

A semiconductor device testing apparatus for testing
semiconductor devices has often connected or integrated
therewith a handler for transporting semiconductor device
under test to subject them to predetermined tests and sort
out the tested semiconductor devices on the basis of the test
results as noted above. For simplicity of description, in
the following disclosure will be taken as én example the
semiconductor device testing apparatus (commonly referred to

as IC tester) for testing semiconductor integrated circuits

Ay LS WV s
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as will be referred to as IC hereinbelow which are typical of
semiconductor devices. '

Fig. 6 is a schematic side view iilustrating an example
of the semiconductor device testing apparatus (which will be
called IC tester hereinafter) of the type described above.
The IC tester comprises a tester proper (which is known as
main frame in the art concerned) 11 in which various
electrical circuits, power source or supply and the like are
mainly accommodated, a handler 12 equipped with an automatic
transporting mechanism for transporting ICs, and a test head
13 electrically connected with but constructed separately
from the tester proper 11 and mounted in the test section of
the handler 12.

ICs under test which have been transported into the test
section by the automatic transporting mechanism of the
handler 12 are brought into electrical contact with the test
head 13 (specifically the IC socket or sockets mounted on the
test head 13), and hence electrically connected with the
tester proper 11 through the test head 13 and a bundle of
cables 14. A test signal having a predetermined pattern as
supplied from the tester properlll to the test head 13
through the bundle of cables 14 is applied to the ICs under
test, and response signals read out from the ICs-under tesﬁ
are transmitted to the tester proper 11 through thg test
heasd 13 and the bundle of cables 14, thereby to measure the
electric characteristics of the ICs. '

The test section of the handler is usually disposed in a
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constant temperature chamber (not shown) for giving a
predetermined temperature stress to ICs under test to meet
the requirement that ICs under test be tested in an
atmosphere at a predetermined temperature. In order to
permit ICs under test transported into the test section to be
electrically contacted with the IC socket mounted in the test
head 13, the constant temperature chamber is provided in its
bottom wall with an opening in which there is fitted and
fixed a mounting fixture (which is commbnly called "Hi-fix
Base" or "Test Fixture" in the art concerned) for
electrically connecting the test head 13 of the IC tester
with the test section in the constant temperature chamber of
the handler 12.

Accommodated in the test head 13 are mainly a gang of
drivers for applying a predetermined pattern of test signals
to ICs under test, a gang of comparators CP for determining
whether the output signals fead out of the ICs under test are

a high (H) logic signal or a low (L) logic signal having a

.predetermined value of voltage, respectively, and a power

line, these components and the power line being electrically
connected with the tester proper 11 through the cables 14.
Mounted on the top of the test head 13 is a performance
board 30, as shown in Fig. 5, on which there is mounted an IC
socket 20 with an adapter socket 40' interposed therebetween. .
Consequently, in the example shown in Fig. 5, the adapter
socket 40' constitutes a mounting fixture. Alternatively,

the mounting fixture may comprise a socket board spaced a
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predetermined distance upwardly from and mounted to the
performance board 30, and an IC socket 20 mounted directly on
the socket board. In this latter case, electrical connection
between the performance board 30 and the socket board is
established by means of connecting means such as connecting
boards, cables, wifes or the like. It is to be noted that an
adapter socket may be interposed between the socket board and
the IC socket 20.

As noted above, the bottom wall of the constant
temperature chamber of the handler 12 is typically formed
with an opening in which the mounting fixture described above
is mounted so that the IC socket 20 mounted either on the top
of the performance board 30 via the adapter socket 40' or on
the socket board may be located at a predetermined position
in the test section within the constant temperature chamber,
the arrangement being such that ICs 10 under éest which have
been brought into the test section by the automatic
transporting mechanism are put into electrical contact with
the IC socket 20 to test the ICs 10 for their electrical
characteristics.

Generally, ICs 10 under test, loaded on a tray, are
transported into the test section within the constant
temperature chamber where the ICs under test are transferred
by transport means from the tray onto the IC sockets 20 to be
tested for their electrical characteristics. Upon completion
of the testing, the tested ICs are transferred by the

transport means from the IC sockets 20 onto the tray,
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followed by being carried on the tray out of the constant
temperature chamber. The tested ICs are then sorted out
based on the data of the test results. It is to be noted
here that the tray for tranéporting ICs 10 under test into
the test section may ﬁe the same as or different from the
tray used to carrying the tested ICs from the test section
and out of the constant temperature chamber. Some handlers
may . be equipped with no constant temperature chamber.

The transport means for transferring ICs 10 under test
from the tray onto the IC sockets 20 and/or the transport
means for transferring the tested ICs from the IC sockets 20
onto the tray in the-test section are provided with carrier
head mean§ having attached thereto a contact arm means 91 as
shown in Fig. 5. The transport means includes carrier arm
means movable in X and Y directions perpendicular to'each
other in a horizontal plane. so that the carrier head means is
movable by the transport means in X and Y directions. The
contact arm means 91 is movable in a 2 direction (upwardly
and downwardly as viewed in Fig. 5) perpendicular to the X
and Y directions, and has a pick-up head 92 attached thereto
at its tip end. The pick-up head 92 may be either of the
configuration to attract and grasp ICs by vacuum suction or
of the configuration to grasp ICs by mechanical means such as
a chuck.

It is thus to be appreciated that the contact arm means
91 is positioned with respect to the X and Y directions by

the transport means where the contact arm means 91 is



10

15

20

25

REPLACEMENT SHEET|

30 DEC 1997

vertically moved and is capable of performing the functions

of grasping an IC by means of its pick-up head 92, pressing

~the grasped IC against the IC socket 20, and releasing the

grasped IC. It will be obvious that the carrier head means
or other mobile means having'the contact arm means 91 thereto
may be configured tc be movable in the 2 direction
perpendicular to the X and Y directions.

Fig. 2 diagrammatically illustrates the operation of the
transport means and the contact arm meaﬁs 91 in the test
section as described above. The transport means is
represented by an X direction mobile means 3X which is driven
transversely (in left-right directions of the drawing), a Y
direction mobile means 3Y which is driven longitudinally (in
upward and downward directions of the drawing), and a 2
direction mobile means 3Z which is driven in a direction
perpendicular to the X and Y directions (in é direction
passing through the plaﬁe of the drawing). The contact arm
means 91 is affixed to the Z direction mobile means 3Z so
that the pick-up head 92 mounted to the tip of the contact.
arm means is positioned at a predetermined position by the X
direction mobile means 3X, the Y direction ﬁobile means 3Y
and the Z direction mobile meaﬁs 3z.

More specifically, Fig. 2 illustrates the configuration
in which the Y direction mobile means 3Y is first driven and
positioned in the X direction (as shown in the dotted lines
in the drawing)'by the X direction mobile means 3X, followed

by the Z direction mobile means 32 being driven and
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positioned in the Y direction by the Y direction mobile means
3Y, and finally the contact arm means 91 being driven in the
Z direction by the Z direction mobile means 3Z to position
the pick-up head 92 in place.

ICs 10 under test, loaded on the tray 110, have been
transported into the test section 600 where the X direction
mobile means 3X, Ehe Y direction mobile means 3Y and the Z
direction mobile means 32 are driven as described above to.
move the pick-up head 92 of the contact arm means 91 to a
position above an IC 10 under test and bring the head into
abutment with the IC to grasp it by virtue of vacuum suction
or by mechanical means.

Then, the X direction mobile means 3X, the Y direction
mobile means 3Y and the Z direction mobile means 3% are

driven in the reverse procedure to transfer the IC 10 under

" test grasped by the pick-up head 92-to a position above the

IC socket 20 disposed in thée test section 600 where the 2
direction mobile means 3%z is driven to lower the pick-up head
92 to thereby put the IC under test into electrical contact
with the IC socket 20. The Z direction mobile means 32z
maintains thé IC under test under the pick-up head 92 in
abutment (urged or pressed) against the IC socket 20 to
ensure electrical contact between the leads of the IC under
test and the terminals of the IC socket 20. 1In this
position, a predetermined pattern of test signals is supplied
from the tester proper 11 through the test head 13 to the IC

socket 20 to be applied to the ICs under test, and résponse
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signals from the IC under test are transmitted from the test
head 13 back to the tester proper 1l to measure the electric
characteristics of the IC. Upon completion of the test, the
Z direction ﬁobile means 3Z is driven to raise the contact
arm means 91 whereby the tested IC as grasped by the pick-up
head 92 is moved upwardly. Then, the X direction mobile
means 3X and the Y direction mobile means 3Y-are driven to
transfer the tested IC to a position abqve a predetermined
location in a device sorting and housing tray 210, followed
by the Z direction mobile means 3Z being driven to lower the
contact arm means 91 to thereby place the IC just above the
predetermined location in the device sorting and housing tray
210, wheréupon the grasping force of the pick-up head 92 is
released to depésit the tested IC into the device sorting and
housing tray 210 at the predetermined location.

Referring to Figs. 3 and 4, a sﬁecific example of the
electrical connection betweéen the performance board 30 and
the IC socket 20 will now be described.

As discussed above, IC sockets 20 may be mounted on the
performance board 30 of the test head 13 in various manners.
The example shown in Figs. 3 and 4 is representative of the
arrangement in which IC sockets 20 are mounted on the
performance board 30 by means of a mounting fixture 55 (which
is commonly known as "Hi-fix Base" or "Test Fixture" as noted
above) for electrically connecting the test section in the
handler 12 (see Fig. 6) and the test head 13 (see Fig. 6).

. The mounting fixture 55 comprises a box-like housing 56
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open at the top, an insulating base board 60 housed in the
bottom of the box-like housing 56, and a socket board 40 with
an insulating spacer board 50 interposed therebetween. IC
sockets 20 are mounted on the socket boards 40. In example
shown, on the base board 60 qré placed two socket boards 40
on each of which an IC socket 20 is mounted. This is only
one illustrative arrangement, however. It is a matter of
course that the number of the IC socket 20 may be increased
or decreased depending on the configuration of the handler.

The socket béard 40 and the base board 60 each comprise a
multi-layered printed board as shown in Fig. 4. Each socket
board 40 is provided with pin connector portions 41 into
which the.terminal pins 21 of the IC socket 20 are fitted,
and conductive plated throﬁgh holes 43 (through holes plated
with conductive material around the peripheral wall of the
through holes and over the top and,bottom surfaces of the
board around the through holes) electrically connected |
through a conductive layer 42 with the respective pin
connector portions 41. |

Each spacer board 50 is also provided with conductive
plated through holes 51 in alignment with the corresponding
conductive plated through holes 43 and is formed with an
opening 52 underlying the region of the pin connector
portions 41 of the socket board 40.

The base board 60 is provided with contact pin mounting
holes (conductive plated through holes) 61 in which are

fitted and secured contact pins 64 which are in turn fitted
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for electrical contact into connector portions provided,on
the performance board 30, and conductive plated through holes
63 electrically connected through a conductive layer 62 with
the respective contact pin mounting holes 61. The through
holes 63 are formed through the base board 60 at locations
corresponding with the through holes 51 of the spacer board
50 as well as the through holes 43 of the socket board 40.

Resilient connectors 70 and 70' are interposed between
the socket board 40 and the spacer board 50 at least in the
regions where the through holes 43 and 51, respectively, are
formed and between the socket board 40 and the spacer board
50 at least in the regions where the through holes 43 and 51,
respectively are formed, respectively. Each of the resilient
connectors 70 and 70' may be formed of a sheet of insulating
resilient material such as rubber and very thin needle wires
71 embedded in the sheet across the thickness-;hereof, the
needle wires being electrically isolated and relatively
closely spaced from each oﬁher. Each needle wire 71 has its
opposite ends flush with or recessed from the opposite
surfaces (top and bottom surfaces) of the resilient sheet
such that when the resilient sheet is compressed in the
direction of thickness, the opposite ends of the needle wires
71 are exposed to establish electrical connection between the
conductors contacted by the top and bottom surfaces of the
resilient sheet.

The IC socket 20 is connected with the socket board 40 of

the mounting fixture 55 thus constructed, the contact pins 64
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of the base board 60 is connected with the connector portions
of the performance board 30, and then mounting fixture 55 is
mounted in the opening of the handler 12 (Fig. 6). It will
be appreciated that upoh an IC 10 under test being brought
into the IC socket 20 thus arranged in the test section of
the handler 12, the leads of the IC 10 under test are
electrically connected with the connector portions of the
performance board 30 through the terminal pins 21 of the IC
socket 20, the pin connecfor portions 4i of the socket board
40, the conductive layer 42, the conductive plated through
holes 43, the resilient connector 70 (specifically, tﬁe
needle wires 71), the conductive plated through holes 51 of
the spacer board 50, the resilient connector 70°
(specificélly, the neédle wires 71), the conductive plated
through holes 63 of the base board 60, the conductive layer
62, the contact pin mounting holes 61 and the éontact pins
64. It is noted that contact pins 31 may be secured to the
respective connector portions of the performance board 30 and
resiliently biased in order to ensure electrical contact.

The performance board 30 is constructed of a multi-
layered printed board, and the connector portions of the
performance board 30 are connected with one ends of the
corresponding conductor layers of a wiring pattern (éattern
of conductor layers) formed radially in the performance board
30. The opposite ends of the conductor layers are connected
with the connector terminals 34 attached to the performance

board 30 so as to extend downwardly from the bottom surface
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thereof. Connected with these connector terminals 34 are
connectors 33 which in turn are connected with connectors 33
from each of which a coaxial cable 35 leads to the tester
proper 11 (see Fig. 6).

While the conventicnal example of Figs. 3 and 4
illustrates the arrangement in which the IC socket 20 is
mounted on the socket board 40 which is one component of the
mounting fixture 55, there.is another type of mounting
fixture in which the socket board 40 has connected thereto a
further adapter socket to which the IC socket 20 is
connected, and still another type of mounting fixture in
which the IC socket 20 is attached to the top of the
performance board 30 with an adapter socket interposed
therebetween without using socket board 40.

It should be noted that since the mounting fixture 55
shown in Figs. 3 and 4 is configured-to be ablé to be used as
an.adapter socket as well, it allows for testing various
specifications of ICs utilizing the same test head and
performance board 30 if the socket board 40, spacer board 50
and base board 60 of the mounting fixture 55 are configured
so as to match the IC sockets 20 for the various types of ICs
to be tested.

Referring back to Fig. 5, in the test section within the
constant temperature chamber of the handler, as notéd above,
an IC 10 under test, grasped by the pick-up head 92 at the
tip end of the contact arm means 91, is transported to a

position above an IC socket 20 where the contact arm means 91
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is lowered to put the IC 10 under test into electrical
contact with the IC socket 20. In this position, a
predetermined pattern of test signals is supplied from the
tester proper 11 to the IC socket 20 through the test head
13, the performance board 30 and the adapter socket 40' to be
applied to the IC under test. Response signals from the IC
10 under test are transmitted through the IC socket 26, the
adapter socket 40', the performance board 30 and the test
head 13 back to the tester proper 11 to measure the electric
characteristics of the IC 10 under test.

It should here 5e noted, however, that no special
provision for electromagnetic shielding is made for the
wiring pafternrbf the performance board 30, IC socket 20, the
adapter socket 40' and ICs 10 under test, which components
are consequently unprotected against external noise including
any noise produced by the handler itself. Whéﬁ one uses the
mounting fixture of the type in which an IC socket 20 is
mounted on a socket board 40 with or without an adapter
socket 40' interposed, the socket boérd 40 being attached via
a spacer to the top of the performance board 30, it is
required that the performance board 30 and the socket board
40 be electrically interconnected by means of connecting
means such as connecting boards, cables, wires or the like or
through the resilient connectors 70, 70',-thé conductive
through holes 43, 51 and 63, etc.. In that case, the
connecting means such as connecting boards, cables, wires or

the like will also be unprotected against external noise.
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When ICs to be tested are analog devices or analog
/digital mixed devices and they are to be tested in a high
frequency region, then ICs under test, IC sockets, socket
boards, adapter sockets, performance board, etc. are highly
subject to the influence of external noise if they remain
exposed. Should they be affected by external noise, there
would occur the serious problem that the accurate testing or

measuring of ICs under test might be impossible.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
semiconductor device testing apparatus which is capable of
conductiné the test on analog devices or analog/digital mixed
devices without being subject to the influence of any
external noise.

According to the present invention, the foregoing and
other objects of the invention are accomplished by pfoviding
a semiconductor device testing apparatus having a
semiconductor device transporting and handling apparatus
connected or integrated therewith.for transporting
semiconductor devices under test to a test section to bring
the semiconductor devices into electrical contact with a
socket or sockets disposed in the test section and, ﬁpon
compietion of the test, transporting the tested semiconductor
devices out of the test section, in which a shield means is
provided on a performance board of a test head, the shield

means covering the socket and at least that portion of the
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surface of the performance board to which the socket is
attached and its adjoining outer peripheral area.

The shield meané comprises a shielding case attached to
the performance board such that it covers the socket and at
least that portion of the surface of the performance board to
which the socket is mounted and its adjoining outer
peripheral area, and electrically connected with,é ground-
potential face of the performance board, and &n~e1ectrica11y
conductive cover plate attached to a contact arm which forms
a component part of the semiconductor device transporting and
handling apparatus and which is adapted to grasp and
transport a semiconductor device under test in the test
section.

The shielding case may be attached on or to the outer
periphery of the performance board such that it covers
approximately the entire surface oi,the perforhance board to
which the socket is mounted.~

The top wall of the shielding case is formed with an
opening through which the contact arm may move into and out
of the shielding case. And the shielding case is provided
with an electrically conductive, resilient spring contact
surrounding the opening mounted thereto. In a preferable
embodiment, the spring contact may be an electrically
conductive leaf spring.

It is noted that the contact arm is equipped at its tip
end with a pick-up head for grasping a semiconductor device,

which may be either of the configuration to attract and gfasp



10

15

20

25

-16-

a semiconductor device by vacuum suction or of the
configuration to grasp it by mechanical means such as a
chuck.

It is preferable that the location where the cover plate
is attached to the contact arm be such that when the contact
arm is lowered until the semiconductor device under test
grasped by the contact arm comes into contact with the
socket, the cover plate will press the spring contact
downwardly.

When the contact a;m'is formed of an electrically
conductive material, an electrically insulating spacer is

interposed between the contact arm and the cover plate.

DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic cross-sectional view showing the
construction of the principal portion of one eﬁbodiment of
the IC tester according to the present invention;

Fig. 2 is a diagrammatical view illustrating the
operation of the transport means and the contact arm means in
the test section;

Fig. 3 is a schematic cross-sectional view jillustrating
the électrical connection between the performance board and
the IC socket;

Fig. 4 is an enlarged cross-sectional view of a portion
of Fig. 3;

Fig. 5 is a schematic cross-sectional view showing the

construction of the principal portion of an example of the
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conventional IC tester according to the present invention;
and
Fig. 6 is a schematic side view illustrating the general

arrangement of the IC tester.

DETATIL.ED DESCRIPTION OF E P MBODIMENTS

Fig. 1 is a schematic cross-sectional view showing the
construction of the principal portion of one embodiment of
the IC tester according to the present invention. It is to
be understood that those portions or components which
correspond to portions or components shown in Fig. 5 are
designated by the like reference numerals and will not be
discussed'again unless needed.

In one embodiment of the present invention, in an IC
tester in which an IC socket 20 is mounted vi; an adapter
socket 40' on a performance board 30 of a test head 13, the
IC socket 20 being disposed'in a test section of a handler
such that an IC 10 under test which has been brought into the
test section by transport means, not shown, while being
grasped by a pick-up head 92 of a contact arm 91 may be put
into electrical contact with the IC soéket 20 by lowering the
contact arm 91 to test the IC for its characteristics, the IC
10 under test, the IC socket 20 and the adapter socket 40°',
including that surface of the performance board 30 having a
wiring pattern exposed are electromagnetically shielded by a
shielding case 100 so that the IC 10 under test and other

elements, and connecting conductors such as the exposed
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wiring pattern and connectors may not be subject to the

influence of external noise including any noise generated by
the handler itself.

In the embodiment shown in Fig. 1, a shielding case 100
having a bottom surface area which is approximately the same
as that of the performance board 30 is used. The lower end
peripheral edge 101 of the shielding case 100 is electrically
connected with a ground-potential face 36 of the performance
board 30 around its outer periphery to ﬁaintain the shielding
case 100 at_the ground potential so that the IC 10 under
test, the IC socket 20 and the adapter socket 40' and that
surface portion of the performance board 30 having a wiring
pattern ekposed are electromagnetically shielded by the
shielding case 100. However, the wiring pattern exposed on
the surface of the performance board 30 is typically limited
to that portion of the performance board to which the adapter
socket 40' is attached and -its adjoining outer peripheral
area. Accordingly, it wiil be sufficient if the bottom
surface area of the shielding case 100 is large just enough
to cover that surface area of the performance board 30 on
which the wiring pattern is exposed. It is thus to bé
appreciated that the IC 10 under test, the IC socket 20, the
adapter socket 40' and that surface portion of the
performance board 30 on which the wiring pattern is éxposed
can be electromagnetically shielded by placing a shielding
case having such a limited bottom surface area on the

performance board 30 with the lower end peripheral edge of
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‘the shielding case being electrically connected with the

ground-potential face 36 of the performance board 30.

For mounting the shielding case 100 to the performance
board 30, welding including soldering, screw-fastening, and
any other suitable securing means may be adopted depending on
the material, shape and construction of the shielding case
100. |

The top wall of the shielding case 100 need be formed
with an opening 102 through which the contact arm 91 with the
pick-up head 92 grasping and carrying an IC under test may

move into and out of the shielding case 100. However,

providing the opening 102 would possibly allow ingréss of

external noise into the interior of the shielding case 100
through the opening 102.

For this reason, in the illustrated embodiment, the
shielding case 100 is provided with a spring éontact 103
surrounding the opening 102~and electrically connected with
the shielding case while the contact arm 91 has a cover plate
104 attached thereto at an appropriate location thereof, the
cover plate 104 being sized to cover the opening 102. The
1ocation where the cover plate 104 is attached to the contact
arm 91 is such that when the contact arm 91 is lowered until
the leads of the IC 10 under test come into pfoper contact
with the terminals of the IC socket 20, the cover plate 104
is brought into contact with the spring contact 103 attached
to the shielding case 100 to somewhat further press the

spring contact 103 downwardly. With this construction, the
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cover plate 104 will have the same ground potential as the
potential of the shielding case 100 and the spring contact
103.

The cover plate 104, which forms part of the shield
means, is formed of an electrically conductive material. 1If
the contact arm 91 were made of a conductive material, the
cover plate 104 would not be at the same potential as that of
the shielding case 100 since the potential on the side of the
handler would be applied to the cover plate 104 through the
contact arm 91. For this reason, in the illustrated
embodiment, the cover plate 104 is secured via an insulating
spacer 105 to the contact arm 91. As a result, since the
cover plafe 104 is electrically insulated from the contact
arm 91, the spring contact 103 and the shielding case 100 as
well as the contact arm 91 are completely isolated from the
potential of the contact arm 91.

While practically the IC tester is comstructed such that
the test head 13 and the handler 12 are maintained at a
common ground potential, it is preferable that the two be
electrically insulated from each other in view of a situation
where there may possibly occur a differential in potential
between the two due to some cause or other.

While the embodiment described above is representative of
the case in which the IC socket is mounted via the adapter
socket 40' on the performance board 30 of the test head 13,
it will be evidenf that in the case where the IC socket is

mounted directly on the performance board 30 as well, the IC
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- 10 under test, the IC socket 20, the adapter socket 40°' énd

that surface portion of the performance board 30 on which the
wiring pattern is exposed can likewise be electromagnetically
shielded by the shielding case of the configuration similar |
to'ﬁhat described in connection with the illustrated
embodiment . .

It is also needless to say that in the case where the IC
socket is mounted via an adapter socket or directly without -
an adapter socket on a socket board which is attached via a -
spacer to the top of the performance board 30 as well, the IC
10 under test, the IC socket 20, the adapter socket, and the
connecting conductors and connectors for electrically
connecting the performance board 30 and the socket board can
likewise be electromagnetically shielded by £he shielding
case of the configuration similar to that described in
connection with the illustrated embodiment. -

It will be understood from the foregoing that the
interior space enclosed by the shielding case 100 defines an
electromagnetically completely shielded, closed space during
the time in which the IC 10 under test is.being tested, since
the shielding case 100, the spring céntact 103 and the cover
plate 104 are electrically connected with the ground-
potential face of the performance board 30 to be maintained
at the ground potential. Hence, the IC 10 under test, the IC
socket 20 and the wiring pattern or connecting conductors and
connectors exposed on the surface of the performance board

30, or the adapter socket 40°, socket board and connectin§
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conductors and connectors for electrically connecting the
performance board 30 and sogket board, all housed in the
closed space, are completely shielded from external noise
during the process in which the test is being conducted.
Consequently, even when ICs to be tested are analog devices
or analog/digital mixed devices and they are to be tested in
a high frequency region, it is possible to test such ICs
under test accurately and measure their electrical
characteristics.

It should be noted here that when the contact arm 91 is
formed of an eleétrically insulating material such as plastic
or the like rather than of an electrically conductive
material éuch as metal, it is not required to interpose the
insulating spacér 105 between the contact arm 91 and the
cover plate 104.

While the spring contact 103 in the form of a leaf spring
is used in the embodiment described above, it is to be
understood that any resilient contact may be used as the
spring contact 103, provided that it is made of ah
electrically conductive and resilient material.

In addition, while the embodiment described above
illustrates the case where there is a single cbntact arm 91
and hence only one IC socket mounted on the top of the
performance board 30, it will be apparent that similarly
configured shield means may be employed with similar
functional effects, when a plurality of IC socket are mounted

on the top of the performance board 30 with a corresponding
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number of contact arms 91 provided.

Moreover, it will be appreciated that the present
invention is applicable with equal functional effects to not
only the IC tester having integrated therewith the handler of
the type in which ICs under test are loaded on a tray and
transported into the test section, but also the IC tester
having integ;ated therewith the-handler of £he type in which
ICs under test are individually transported into the test
section as by suitable transport means éuCh as IC carriers or
by being allowed to glide along a surface by virtue of their
own weight, as long as the handler is of the type in which
ICs under test are grasped and put into contact with the IC
socket by the pick-up-head attached to the contact arm 91.

While the invention has been described in the foregoing
discussion as being applied to the IC tester adapted to test

ICs which are typical of semiconductor devices, it will be

‘obvious that the invention is also applicable, with similar

advantages, to various types of semiconductor device testing
apparatus for testing semiconductor devices other than ICs.
As is discussed above, according to the present

invention, in a semiconductor device testing apparatus in
which a semiconductor device under test is transported into
the test section of the handler while grasped by a pick-up
head of a contact arm and is, while still remaining grasped
by the pick-up head, brought into electrical contact with a
socket disposed in the test section by moving the contact

arm, the socket and a shielding case covering at least a
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portion of that surface of a performancé board of a test head
on which the socket is mounted are electrically connected
with a ground-potential face of the performance board, while
the top wall of the shielding case is formed with an opening
through which the contact arm 91 with the pick-up head may
move into and out of the shielding case, whereby the
semiconductor under test grasped by ﬁhe pick-up head and
brought into electrical contact with the socket, the socket,
and at least a portion of the surface of the performance
board are confined in a closed space énclosed by the
shielding case.

From the foregoing discussion, it will be appreciated
that thesé components and connecting conductors are
electromagnetically shielded from the exterior to be free
from the influence of any external noise by the shielding
case which is at the ground potential. Even if semiconductor
devices to be tested are aﬂélog.devices or analog/digital
mixed devices and they are to be tested in a high frequency
region, the present invention provides the remarkable
advantage that such semiconductor devices under test can be
tested accurately and measured for their electrical
characteristics under the condition where they are completely

shielded from external noise.
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WHAT IS CLAIMED IS:

1. A semiconductor device testing apparatus having a
semiconductor device transporting and handling apparatus
connected therewith for transporting a semiconductor device
under test to a test section to bring the semiconductof
device into electrical contact with a socket disposed in said
test section and, upbn completion of the test, transporting
the tested semiconductor device out of said test section,
characterized in that: |

a shield means is provided on a perfdrmance board of a
test head, séid shield means covering said socket and at
least that portiqn of the surface of said performance board
to which said socket is attached and an area adjoining the

outer peripheral of that portion.

2. The semiconductor device testing appafatué_acqording
to Claim 1, wherein said shield means comprises a shielding
case attached to the performance board such that it covers
said socket énd at least that portion of the surface of said
performance board to which said socket is mounted and an area
adjoining the outer peripheral of that portion, said
shielding case being electrically connected with a ground-
potential face of said performance board, and an electrically
conductive cover plate attached to a contact arm which forms
a component part of the semiconductor device t;ansporting and
handling apparatus and which is adapted to grasp and

transport a semiconductor device in said test section.
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3. The semiconductor device testing apparatus according
to Claim 1, wherein said shield means comprises a shielding
case attached to the outer periphery of said performance
board such that it covers approximately the entire surface of
the performance board to which the socket is mounted, said
shieldihg case being electrically connected with a ground-
potential face of said performance board, and an electrically
conductive cover piate attached to a cohtact arm which forms
a component part of the semiconductor device transporting and
handling apparatus and which is adapted to grasp and

transport a semiconductor device in said test section.

4. The semiconductor device testing apparatus according
to Claim 2, wherein said shielding case is formed through its
top wall with an opening through which said céntact arm may
move into and out of said shielding case, an electrically
conductive, resilient contact surrounding said opening being

attached to said shielding case.

5. The semiconductor device testing apparatus according
to Claim 2, wherein said resilient contact is an electrically

conductive leaf spring.

6. The semiconductor device testing apparatus according
to Claim 2, wherein said contact arm is equipped at its tip

end with a pick-up head for grasping a semiconductor deviée,
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which may be either of the configuration to attract and grasp
the semiconductor device by vacuum suction or of the

configuration to grasp it by mechanical means.

7. The semiconductor device testing apparatus according
to Claim 3, wherein the location where said cover plate is
attached to said contact arm is such that when said contact
arm is lowered until the semiconductor device under test
grasped by the contact arm comes into contact with said
socket, said cover plate will press said resilient contact

downwardly.

8. The semiconductor device testing apparatus according
to any one of Claims 2 to 7, wherein said contact arm is
formed of an electrically conductive material, an
electrically insulating spacer being interposéd between said

contact arm and said cover plate.

9. A semiconductor device testing apparatus having a
semiconductor device transporting and handling apparatus
connected therewith for iransporting a semiconductor device
under test to a test section to bring the semiconductor
device into electrical contact with a socket disposed in said
test section and, upon completion of the test, transporting
the.tested semiconductor device out of said test section,
wherein in said test section, a semiconductor device grasped

by a grasp means mounted to said contact arm at its tip end
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is brought into electrical contact with the socket disposed
in said test section by moving said contact arm which is a
component par£ of the semiconductor device transporting and
handling apparatus, characterized in that:

a shielding case is attached to a performance board of a
- test head, said shielding case covering said socket and at
1éast that portion of the surface of said performance board
to which said socket is mounted and an area adjoining the
outer peripheral of that portion, said shielding case being
electrically connected with a ground-potential face of said
performance board; and

an opening is formed through the top wall of the
shielding'case, through which said contact arm with said

grasp means may move into and out of said shielding case.

10. The semiconductor device testing apparatus according
to Claim 9, wherein an electrically conductive, resilient
contact surrounding said opening is attached to said
shielding case, and an electrically conductive cover plate is
attached to said contact arm and positioned such that as said
contact arm is lowered, said cover plate comes into contact

with said resilient contact.

11. The semiconductor device testing apparatus according
to Claim 9, wherein said shielding case is attached to the
outer periphery of said performance board such that it covers

approximately the entire surface of the performance board to
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which the socket is mounted, said shielding case being
electrically connected with a ground-potential face of said

performance board.

12. The semiconductor device testing apparatus according
to Claim 10, wherein said resilient contact is an

electrically conductive leaf spring.

13. The semiconductor device testing apparatus according '
to Claim 9, wherein said contact arm is equipped at its tip
end with a pick-up head for grasping a semiconductor device,
which may be either of the configuration to attract and grasp
the semicénductor device by vacuum suction or of the

" configuration to grasp it by mechanical means.

14. The semiconductor device testing apparatus according
o Claim 10, wherein the location where said cover plate is
attached to said contact arm is such that when said contact
arm is lowered until the semiconductor device under test
grasped by the contact arm comes into contact with said
socket, said cover plate will press said resilient contact

downwardly.

15. The semiconductor device testing apparatus according
to any one of Claims 10 to 14, wherein said contact arm is
formed of an electrically conductive material, an

electrically insulating spacer being interposed between said
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contact arm and said cover plate.
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SEMICONDUCTOR DEVICE TESTING APPARATU

ABSTRACT

An IC tester which is capable of conducting the test on
analog devices or analog/digital mixed devices without being
subject to the influence of any external noise is provided.

A shielding case 100 is attached to a performance board 30 of
a test hgad 13 and covers an IC socket 20 disposed in the
test section of the handler 12 and at least that portion of
the surface of the performance board to which the socket is
mounted and an area adjoining the outer peripheral of that
portion. The shielding case is formed throuéh its tob wall
with an opening 102 through which a contact arm 91 with a
pick-up head 92 may move into and out of the shielding case.
An electrically conductive spring contact 103 surrounding the
opening is attached to the shielding case, and an
electrically conductive cover plate 104 is attached to the
contact arm and positioned ‘such that as the contact arm is
lowered, the cover plate comes into'contact with the spring

contact to slightly press the latter.

Figure 1
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