Contactor spring and contactor socket

Description

Field of the Invention

The invention is related to a contactor spring of a contactor socket of an IC test
handler, for contacting an IC or a group of ICs in test and is adapted for
temporarily pressing the IC or ICs against the test contacts. It further relates to
the contactor socket.

Prior Art

It is well-known to run test procedures on integrated circuits, e.g. in a
configuration where the ICs are arranged on an IC strip, to verify the correct
function of the ICs. Such test systems allow for a simultaneous testing of a
plurality of ICs, which increases the throughput of the testing system and,
therefore, the productivity and results in a cost reduction per IC. A dedicated
handler places the ICs in contact with a contactor socket of the test system,
maintains the contact for the duration of the test cycle, and finally sorts the ICs
depending on the test results, before delivering them to a packaging stage or
other stages for further processing.

In a test-in-strip handler, a loader unit is provided which contains a stack of IC
strips. From this stack, individual IC strips are fed to a testing unit which
comprises a plunger or plunger head, for example, that positions the selected IC
strip such that the test contacts of the contactor socket come into electrical
contact with respective device contacts of the ICs. Thereafter, the above-
referenced test procedure is started and implemented. After testing, the IC strip
is unloaded to an unloader unit, and the above-mentioned sorting operation is
carried out.

A contactor arrangement according to the state of the art is disclosed in EP
2963430 A1l of the applicant.
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A further contactor arrangement is disclosed in the unpublished European patent
application No. 17175013.6 of the applicant.

Description of the Invention

It is an object of the invention to provide an improved contactor spring, which
can have improved thermal properties, in particular an increased overall heat
conductivity, whereas its mechanical and electrical performance is maintained at
the required high level.

This and other objects are solved by a contactor spring comprising the features
of claim 1. According to a further aspect of the invention, the object is solved by
a contactor socket specified in claim 8. Embodiments of the invention are subject
of the dependent claims.

The present invention discloses a contactor spring which has a U or C shaped or
S shaped or Z shaped spring body, wherein at least one of the first and second
free ends of the spring body comprises an outwardly directed contactor
protrusion. It is an aspect of the invention that the spring body comprises at
least a first U or C shaped or S shaped or Z shaped, respectively, recess which
extends from close to the first free end to close of the second free end thereof.
Correspondingly, according to the invention the spring body is provided with at
least one recess or slit, respectively, the shape of which basically conforms to
the outer shape of the spring body.

This configuration improves the thermal properties of the contactor spring and,
in particular, increases the overall heat conductivity thereof, given that it
provides the option to increase the cross-sectional area of the spring and keep
the influence on the mechanical properties low, in particular without resulting in
an unwanted “stiffening” of the spring. Thus, the invention provides for an
improved overall performance of the contactor springs in the contactor socket of
an IC test handler and of the contactor socket as a whole, regarding a reliable
contacting of both the device contacts and test contacts, with an exactly
predetermined stand contact pressure, low contact resistance and excellent
thermal properties, in particular for maintaining stable thermal parameters
during an IC test cycle.
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According to an embodiment of the invention, at both the first and second free
ends of the spring body a respective contactor protrusion is provided, wherein
the contactor protrusions are collinear with each other and oppositely directed.
This embodiment ensures that the contactor spring can make reliable contact
with the required contact pressure both with test contacts of the respective test
arrangement and the device contacts of the IC under test, irrespective of the
extent of elastic and/or thermally induced deformations of the spring body.

In a further embodiment, at the first or second free end of the spring body a
hook-shaped support protrusion is provided. By means of such support
protrusion, the contactor spring can safely be supported in its contactor socket,
wherein the recess for receiving the contactor spring in the contactor socket can
have a simple shape, enabling an efficient production of the contactor socket and
a quick and easy assembling of the contactor springs into the contactor socket
body.

In particular, the hook-shaped support protrusion extends basically parallel to
the adjacent end portion of the spring body, from where it protrudes. In other
words, support protrusion basically extends the respective distal portion/s of the
spring body in the direction/s which it inherently has/have. It serves for clamping
the spring within a contactor socket body, for secure fixation and easy exchange.

In preferred embodiments of the present invention, the spring body comprises at
least a second recess which extends basically conform to the first recess along at
least part of the U or C shape or S shape or Z shape of the spring body,
respectively. Such embodiments, due to the existence of more than one
longitudinal recess or slit, respectively, increases the above-referenced effects,
whereas the manufacturing and handling is basically as simple as with contactor
springs which have just one longitudinal recess or slit, respectively. At present,
contactor springs which have two longitudinal recesses or slits, which extent
basically in parallel to each other, appear to be most preferred.

In a specific configuration of the above embodiments, in a U or C shaped spring
body the second recess extends from close to the first free end to close of the
second free end. However, even configurations are possible, wherein the second
recess (or further recesses) extend/s just along a central portion of the “C” or
“u”.



In another specific configuration of the above-referenced embodiment/s an S
shaped or Z shaped spring body comprises a second and third recess, the second
recess extending from the first free end of the spring body to a central portion of
the spring body and the third recess extending from the central portion to the
second free end of the spring body. However, even configurations are possible,
wherein the second recess (or further recesses) extend/s just along a central
portion of the “S” or “Z".

A contactor socket, where the contactor spring according to the present
invention can advantageously be used, can be of the type which comprises a
contactor socket body having a first and second plane surface, the second plane
surface being parallel and opposite to the first plane surface, and wherein a line
or an array of test contacts supported in at least one recess is arranged within
the contactor socket body. Such test contacts extend normal to the and between
the first and second plane surface and are adapted for providing elastic pressure
contact with device contacts of at least one IC which is positioned above the first
plane surface and/or with contacts of a loadboard positioned below the second
plane surface and, thus, an electrical connection between the device contacts
and loadboard contacts.

In an embodiment, such contactor socket comprises at least one internal cavity
having an L shaped cross section, adapted to receive at least one hook-shaped
support protrusion which is formed on a contactor spring. As mentioned further
above, such contactor socket can be efficiently produced and easily and cost-
efficiently be assembled and, if required, dis-assembled.

In a specific configuration of such embodiment, the cavity for receiving the at
least one hook-shaped support protrusion is formed as a notch which receives a
plurality of hook-shaped support protrusions of a plurality of spring contacts
which are arranged parallel to each other in a test contact line of the contactor
socket.

In a practically important embodiment, the contactor socket comprises four lines
of test contacts which form a rectangle or square. In particular, in such
embodiment the contactor socket body comprises four basically triangular or
trapezoidal contactor socket pieces, wherein each of the contactor socket pieces
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comprises one of the lines of test contacts and wherein the contactor socket
pieces are connected to each other are lockable and unlockable with/from each
other. In other embodiments, the contactor socket comprises two lines of test
contacts which are arranged opposite to each other.

In a further configuration of the above-mentioned embodiment, the contactor
socket body comprises a contactor socket support and a contactor socket cover,
wherein the contactor socket cover commonly covers the four contactor socket
pieces and defines a central recess for receiving an IC to be tested, and wherein
the contactor socket support and contactor socket cover cooperatively lock the
contactor socket pieces with each other when put onto the pre-positioned
contactor socket pieces.

In a further embodiment, the or each recess within the contactor socket body,
where the contactor springs are supported, is/are connected to a gas cooling or
heating system such that each of the contactor springs is bathed in a gas flow of
the heating or cooling system. In such embodiment, the specific configurations
of the contact springs according to the invention provide additional advantages
resulting in an increased thermal transfer between the respective spring body
and the surrounding flow of cooling or heating gas.

The above-referenced contactor socket embodiments ensure a reliable contacting
of ICs under test, even under the influence of relatively high temperatures
and/or temperature gradients, contributing to the required timely stability of the
thermal parameters of the test arrangement, in particular of the temperature
gradients between the device contacts and the test contacts, and therefore
contributes to a reliable function of a testing device as a whole.

An improved overall test arrangement comprises, besides an IC test handler
comprising the above-referend contactor socket, a testing device which
comprises a contactor socket, an IC parameter measuring and evaluating unit
and a test procedure control unit.

Brief Description of the Drawings
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Further embodiments and advantages of the invention or of specific elements or
aspects thereof are explained in the following description, and related to the
appending drawings. In the drawings,

Fig. 1 is a schematic view of major parts of a contactor arrangement wherein the
invention can be embodied, in a sectional view;

Fig. 2 is a perspective view of a contactor socket according to an embodiment of
the invention,

Fig. 3 is a perspective view of a component of the contactor socket of Fig. 2,

Fig. 4 is a partial cross-sectional view of the contactor socket component of Fig.
3,

Figs. 5 and 5A are a plan view and a detail view of a third embodiment of the
contactor spring, and

Fig. 6 and 6A are a plan view and a detail view of a contactor spring according to
a fourth embodiment of the present invention.

Description of the Embodiments

Fig. 1 schematically shows, in a sectional view, major components of a contactor
arrangement, exemplified in a test-in-strip handler 1. More specifically, Fig. 1
shows the upper portion of a plunger head 3, a contactor socket 5 and a frame-
shaped contactor socket interface 7, together with an IC strip 9 inserted between
the upper surface 3a of the plunger head 3 and the lower surface (strip
contacting surface) 7a of the contactor socket interface 7.

In the upper central portion of the plunger head 3, a recess 3b is provided, the
position and dimensions of which correspond to the position and dimensions of
an IC group which is arranged on the IC strip 9. The recess 3b serves for making
sure that the lower surfaces of ICs 9a arranged on the IC strip 9 do not come
into mechanical contact with the plunger head surface. This is particularly
important in case that the ICs are of the bare-die type, i.e., a type for which any
mechanical contact to the surface opposed to their contact surface should be
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avoided. The contactor socket 5 comprises a matrix-shaped arrangement 5.1 of a
plurality of contactor springs 5a serving as test contacts.

The contactor socket interface 7 comprises a corresponding arrangement 7.1 of
through holes to be penetrated by the contactor springs 5a of the contactor
socket 5 in operation of the handler arrangement (in the following, simply
mentioned as “in-test”).

In the exemplary configuration of Fig. 1, first, second, and third sealing elements
(rope seals) 11, 13, 15 are provided between the upper surface 3a of the plunger
head 3 and the strip contacting surface 7a of the contactor socket interface,
between the upper surface of the contactor socket interface 7 and the lower
surface of the contactor socket 5 and on the upper surface of the contactor
socket 5, respectively. The latter seal 15 serves for sealing the upper surface of
the contactor socket 5 against an adjacent surface of an interface, e.g. a PCB
board (not shown) of a test device. The functions of the seals 11, 13, become
clear from the following explanations.

The function of the exemplary IC test handler according to Figure 1 is as follows:

An IC strip 9 with a plurality of bare-die ICs 9a thereon is arranged on the
plunger head 3 such that the peripheral portions of the IC strip 9 lie on the flat
or plane outer portion of the plunger head surface 3a and are supported by the
plunger head 3 and can be moved and fed to a test position by correspondingly
controlled motions of the plunger head 3, as usual. However, due to the
provision of the recess 3b in the central portion of the plunger head 3, the lower
surfaces of the ICs 9a do not contact the plunger head.

After having arrived at an appropriate xy position to be contacted by the
contactor socket 5, the respective IC strip 9 is pressed against or attracted
towards the strip contact surface or lower surface of the contactor socket
interface 7, e.g. by means of a plunger or by actuating a vacuum suction system
within the contactor socket 5 and contactor socket interface 7. Due to pressure
exerted by the plunger or the attractive force generated by the vacuum suction
system, the IC strip 9 and, in particular, the ICs 9a are elevated by a z axis
increment d, and their device contacts are brought into contact with the tips of
the contactor springs 5a of the test contact arrangement 5.1 of the contactor
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socket 5. In this state, the upper surfaces of the ICs 9a are fully flush with the
strip contact surface 7a, although the IC strip 9 is not supported by the plunger
head 3 in these regions.

The z axis increment d is determined such that the overall contact pressure of
the pogo pins against the corresponding device contacts of the ICs 9a is
sufficient for all test requirements. The attractive force generated by a vacuum
suction system is pre-determined such that even the force which is exerted on
the ICs by the pogo pins 5a does not result in any warpage or deflection, for
instance, of the central portion of the IC strip 9 away from the strip contact
surface 7a of the contactor socket interface 7. Hence, even in test the ICs 9a are
arranged ideally flush with the strip contact surface.

After the test program is terminated, the plunger is withdrawn or the vacuum
suction system deactivated, respectively, and the IC strip 9 falls down to the
plunger head, such that the IC strip 9 is now, again, exclusively held by the
plunger head and without mechanical contact with the tips of the pogo pins 5a
and the contactor socket interface. In this state, the IC strip and the ICs can be
fed to other processing sites, e.g., to be sorted or handled according to a pre-
determined handling scheme.

Fig. 2 shows another contactor socket 50, which is adapted for being embedded
into a single-chip test arrangement (not shown). The contactor socket 50 has a
contactor socket body 51 which has, in a plan view, the overall shape of a “+”
and which comprises a contactor socket support portion 52 and a cover portion
53. A central square-shaped recess 53 is formed within the contactor socket
body 51, for receiving an IC to be tested (not shown). Within the recess 54 fluid
channels 55 are formed which may be part of a vacuum system for holding the
IC under test in the recess and/or of a cooling or heating system for establishing
predetermined thermal conditions for a test procedure. Furthermore, close to
each of the edges of the recess 54 a line arrangement of test contacts 57 is
arranged, the test contacts forming a test contact arrangement which is square-
shaped, adapted to the geometry of the device contacts of the ICs to be tested.

Fig. 3 is a perspective view of a contactor socket piece 52.1, which is one of four
equal pieces which together constitute the contactor socket support portion 52 of
the contactor socket 50 of Fig. 2. The contactor socket piece 52.1 has, in a plan
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view, an overall trapezoidal shape and comprises one line of test contacts 57
which are arranged side by side in a test contact recess 58. The test contact
recess 58 is connected to the fluid (gas) channel system 57, as shown in Fig. 2.

Fig. 4 shows, in a cross sectional view through the contactor socket piece 52.1 of
Fig. 3, the geometrical configuration thereof and, in particular, of the test
contact recess and the test contact 57 in more detail. The test contact 57 is
shown in its circumferential shape, not illustrating possible internal recesses or
slots, respectively; in this regard, we refer to other exemplary test contacts
shown in Figs. 5/5A and 5A and 6/6A and explained below.

The test contact 57 is, according to the present invention, a contactor spring
which has, in the embodiment shown in Fig. 4, a generally U shaped spring body
57a, with a first contactor protrusion 57b extending from the one free end of the
“U” and a second contactor protrusion 57c extending from the second free end of
the “U". The first and second contactor protrusions 57b, 57c extend in opposite
directions basically perpendicular to the legs of the “"U” and serve for making
contact both with a test contact of the test device or a device contact of the IC
under test.

Furthermore, the contactor spring 57 has two support protrusions or extensions,
respectively, at the base of the “U”, i.e. a small straight support protrusion 57d
on the one side of the base of the “"U” and a hook-shaped support protrusion 57e
on the opposite side of the base of the “U”. Both protrusions 57d, 57e serve for
supporting and exactly positioning the contactor spring 57 within the recess 58
of the contactor socket piece 52.1.

To achieve this, the contactor socket piece 52.1 comprises a first, in its cross-
section generally L shaped fixation member 52a and a second fixation member
52.b which, in a cross-sectional view, is T-shaped. Between the first and second
fixation members 52a, 52b a minute gap 58a is formed, into which the protrusion
57d of the contactor spring 57 fits, whereas above the opposite side of the T
shaped fixation member 52b an L shaped cavity 58b is formed, wherein the
hook-shaped support protrusion 57e of the contactor spring 57 sits. The support
protrusion 57d resting in the gap 58a and the hook-shaped support protrusion
57e sitting in the cavity 58b, behind the upper end of the T shaped fixation
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member 52b, cooperatively hold the contactor spring within the recess 58 of the
contactor socket piece 52.1; see also the explanations further below.

Furthermore, two longitudinal slits 57h, 57i are formed in the base portion of the
U shaped spring body. These slits 57h, 57i serve for providing some elasticity of
the base portion with respect to the adjacent portions of the contactor socket
piece 52.1, in particular the fixation element 52b (see Fig. 4). In the assembled
state of the contactor spring 57, the legs 57j, 57k beyond the slits 57h, 57i exert
elastic pressure against the adjacent end wall of the fixation element 52b, which
in cooperation with the protrusion 57d and the hook-shaped support protrusion
57e, results in a secure fixation of the contactor spring 57 within the recess 58
of the contactor socket piece 52.1 and enables an easy removal of the spring
from the socket piece.

Figs. 5 and 5A and Figs. 6 and 6A, respectively, are schematical plan views of
further embodiments of the contactor spring according to the present invention.
In Fig. 5 an S shaped contactor spring 157 is shown which, as can be seen in
Fig. 5A, has two longitudinal recesses or slits, respectively, which extend from
close to the free ends of the contactor spring in parallel along its S shape. In
Figures 6 and 6A, schematically a similar contactor spring 257 is shown which,
however, has an overall C shape.

Recesses 157f, 157g or 257f, 2579, respectively, in the contactor springs 157,
257 extend in conformity to the outer shape of the respective spring basically
between the two ends thereof. They mainly serve for reducing the stiffness of
the contactor spring body, as compared to a spring body of identical outer
dimensions but without recesses, and for improving the heat transfer between
the contactor spring and its surrounding, in particular a gas which flows around
the contactor spring. Exploiting the former effect, it becomes possible to increase
the thickness of the contactor spring, without an undue decrease of the
mechanical performance thereof, and this results in an improved electrical
conductivity or lower electrical losses and in lower electrically induced heating-up
of the contactor spring.

The embodiments and aspects of the invention explained above are not
determined to limit the scope of the invention, which is exclusively to be
determined by the attached claims. Many modifications of the inventive concept
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are possible within the scope of the claims and, more specifically, arbitrary
combinations of the several claim features are considered to be within the scope
of the invention.
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Claims

1. Contactor spring of an IC contactor socket, the contactor spring having a
U or C shaped or S shaped or Z shaped spring body, wherein at least one of the
first and second free ends of the spring body comprises an outwardly directed
contactor protrusion, and wherein the spring body comprises at least a first U or
C shaped or S shaped or Z shaped, respectively, recess which extends from close
to the frist free end to close of the second free end thereof.

2. Contactor spring of claim 1, wherein at both the first and second free
ends of the spring body a respective contactor protrusion is provided, wherein
the contactor protrusions are collinear with each other and oppositely directed.

3. Contactor spring of claim 1 or 2, wherein at the first or second free end of
the spring body a hook-shaped support protrusion is provided.

4. Contactor spring of claim 3, wherein the hook-shaped support protrusion
extends basically parallel to the adjacent end portion of the spring body, from
where it protrudes.

5. Contactor spring of any of the preceding claims, wherein the spring body
comprises at least a second recess which extends basically conform to the first
recess along at least part of the U or C shape or S shape or Z shape of the
spring body, respectively.

6. Contactor spring of claim 5, wherein in a U or C shaped spring body the
second recess extends from close to the first free end to close of the second free
end.

7. Contactor spring of claim 5, wherein an S shaped or Z shaped spring body

comprises a second and third recess, the second recess extending from the first
free end of the spring body to a central portion of the spring body and the third
recess extending from the central portion to the second free end of the spring
body.

8. Contactor socket of an IC test handler, the contactor socket comprising
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a contactor socket body having a first and second plane surface, the second
plane surface being parallel and opposite to the first plane surface, and wherein
a line or an array of test contacts supported in at least one recess is arranged
within the contactor socket body, such test contacts extending normal to the and
between the first and second plane surface and being adapted for providing
elastic pressure contact with device contacts of at least one IC which is
positioned above the first plane surface and/or with contacts of a loadboard
positioned below the second plane surface and, thus, an electrical connection
between the device contacts and loadboard contacts, wherein the test contacts

are each formed integrally as a contactor spring of one of the preceding claims.

9. Contactor socket of claim 8, comprising at least one internal cavity having
an L shaped cross section, adapted to receive at least one hook-shaped support
protrusion which is formed on a contactor spring.

10.  Contactor socket of claim 9, wherein the cavity for receiving the at least
one hook-shaped support protrusion is formed as a notch which receives a
plurality of hook-shaped support protrusions of a plurality of spring contacts
which are arranged parallel to each other in a test contact line of the contactor
socket.

11.  Contactor socket of one of claims 8-10, comprising four lines of test
contacts which form a rectangle or square.

12.  Contactor socket of claim 11, wherein the contactor socket body
comprises four basically triangular or trapezoidal contactor socket pieces,
wherein each of the contactor socket pieces comprises one of the lines of test
contacts and wherein the contactor socket pieces are connected to each other
are lockable and unlockable with/from each other.

13.  Contactor socket of claim 12, wherein the contactor socket body
comprises a contactor socket support and a contactor socket cover, wherein the
contactor socket cover commonly covers the four contactor socket pieces and
defines a central recess for receiving an IC to be tested, and wherein the
contactor socket support and contactor socket cover cooperatively lock the
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contactor socket pieces with each other when put onto the pre-positioned
contactor socket pieces.

14.  Contactor socket of one of claims 9-13, wherein the or each recess within
the contactor socket body, where the contactor springs are supported, is
connected to a gas cooling or heating system such that each of the contactor
springs is bathed in a gas flow of the heating or cooling system.



