
WO 03/076957 PCT/US03/06734  1 APPARATUS FOR INTERFACING 2 ELECTRONIC
PACKAGES AND TEST EQUIPMENT  3 4 BACKGROUND  5 6 Technical Field 7 This
disclosure relates generally to equipment used in testing electronic  8
packages, such as integrated circuits, and more particularly to an
apparatus for  9 interfacing electronic packages and test equipment. 10  11
Related Applications 12 Priority is hereby claimed under 35 U.S.C.  119(e)
to co-pending and  13 commonly-owned U.S. Provisional Patent Application
No. 60/361882, which was  14 filed on March 5, 2002, and U.S. Provisional
Patent Application No. 60/410121,  15 which was filed on September 13,
2002, each of which is incorporated herein by  16 reference in its
entirety. 17  18 Related Art 19 Typically, integrated circuit (IC) packages
(devices under test) are removably  20 mounted in sockets which in turn are
mounted on a circuit substrate, commonly  21 referred to as a
device-under-test or DUT board. The sockets mount individual  22 contacts
for electrically connecting each terminal of a device to be tested to an
23 individual circuit path on the DUT board. The DUT board is in turn
electrically  24 connected to computerized test equipment. This arrangement
facilitates testing  25 providing top loading and unloading and is readily
adapted for use with different ICs;  26 however, it does have certain
limitations. One such limitation relates to the height  27 required for the
interface equipment, i.e., the sockets. The distance between the  28
terminals of the device under test and the location of interconnection with
the  



29 respective circuit paths on the DUT board is an important parameter,
maximizing the WO 03/076957 PCT/US03/06734  2 1 fidelity of the electrical
signal passing therethrough. The fidelity of the electrical  2 signal is
subject to compromise in that distance having largely uncontrolled  3
impedance and high cross talk. 4 U.S. Patent No. 6,512,389 to Kocher
discloses an apparatus for passing test  5 signals between a mother board
and a daughter board, in which spring test probes are  6 positioned in
bores in the mother board. 7 A need exists in the art for improved methods
and devices for improving the  8 fidelity of electrical signals passing
from test equipment to a device under test. 9  10 SUMMARY  11 The present
disclosure is directed to an apparatus for interfacing electronic  12
packages and test equipment for the packages. The apparatus includes a
printed  13 circuit board having first and second opposing surfaces. A
plurality of vias may be  14 formed in the printed circuit board in a
predetermined pattern, each via having upper  15 and lower ends and an
inner diameter. The apparatus also includes a test socket  16 overlaying
the first surface of the printed circuit board, the test socket including a
first  17 plate and a second plate overlaying the first plate. Each of the
first and second plates  18 includes a plurality of bores corresponding to
the vias in the printed circuit board. The  19 apparatus also includes a
conductive sleeve member positioned in each via. The  20 sleeve member has
an upper end and a lower end. The apparatus also includes a  21 biasing
member seated against the lower end of the conductive sleeve member. The
22 biasing member has an outer diameter less than an inner diameter of the
conductive  23 sleeve member and is moveable in the conductive sleeve
member. The apparatus also  24 includes a plunger having a substantially
cylindrical body which includes an  25 outwardly extending annular flange.
The plunger further includes a first rod portion  26 extending upwardly
from the body and a second rod portion depending downwardly  



27 from the body. The first rod portion includes an upper surface defining
a selected  28 contact portion, and may be at least partially received in
the conductive sleeve  29 member adjacent the biasing member. The body
maybe received in the bores of the WO 03/076957 PCT/US03/06734  3 1 second
plate. The upper rod portion may be at least partially received in the
bores of  2 the first plate. When the apparatus is in an operating
position, the plunger is urged  3 upwardly to make electrical contact with
a package terminal. 4 In another embodiment, the apparatus includes a
printed circuit board having  5 first and second opposing surfaces. A
plurality of vias may be formed in the printed  6 circuit board in a
predetermined pattern, each via having upper and lower ends and an  7 inner
diameter. The apparatus also includes a test socket overlaying the first
surface  8 of the printed circuit board, the test socket including a first
plate and a second plate  9 overlaying the first plate. Each of the first
and second plates includes a plurality of  10 bores corresponding to the
vias in the printed circuit board. The apparatus also  11 includes a
conductive sleeve member positioned in each via. The sleeve member has  12
an upper end and a lower end. The apparatus also includes a plunger having
a  13 substantially cylindrical rod shape with an annular flange extending
outwardly  14 therefrom. A first rod portion extends upwardly from the
annular flange and a second  15 rod portion depends downwardly from the
annular flange. The first rod portion  16 includes an upper surface
defining a selected contact region. In the present  17 embodiment, a
biasing member may be positioned about the second rod portion and  18
seated against the upper surface of the printed circuit board and the lower
surface of  19 the annular flange. When the apparatus is in an operating
position, the first rod  20 portion is at least partially received in the
bores of the first plate, the annular flange  21 is received in the bores
of the second plate, and the second rod portion is at least  22 partially
received in the conductive sleeve member, and the plunger is urged upwardly
23 to make electrical contact with a package terminal. 24 The foregoing and
other objects, features and advantages of the disclosure will  



25 be apparent from the following more particular description of preferred
embodiments  26 of the disclosure, as illustrated in the accompanying
drawings in which like reference  27 characters refer to the same parts
throughout the different views. The drawings are  28 not necessarily to
scale, emphasis instead being placed upon illustrating the principles  29
of the disclosure. The principles and features of this disclosure maybe
employed in WO 03/076957 PCT/US03/06734  4 1 varied and numerous
embodiments without departing from the scope ofthe disclosure.  2 3 BRIEF
DESCRIPTION OF THE DRAWINGS 4 It should be understood that the drawings are
provided for the purpose of  5 illustration only and are not intended to
define the limits of the disclosure. The  6 foregoing and other objects and
advantages of the embodiments described herein will  7 become apparent with
reference to the following detailed description when taken in  8
conjunction with the accompanying drawings in which: 9 FIG. 1 is a
perspective view of an IC receiving socket in accordance with the  10
present disclosure, mounted on a DUT board, showing contact plunger
assemblies  11 positioned in the bores of the test socket and the vias of
the DUT board; 12 FIG. 2 is an exploded view of the IC receiving socket and
DUT board shown  13 in FIG. 1; 14 FIG. 3 is a cross sectional view of the
IC receiving socket and DUT board  15 shown in FIGS. 1-2, shown with the IC
package spaced slightly above the socket,  16 showing contact plunger
assemblies extending through the bores of the test socket and  17 the vias
of the DUT board; 18 FIG. 4 is a cross sectional view of a single IC
receiving socket from the DUT  19 board shown in FIG. 3; 20 FIG. 5 is an
expanded cross sectional view of a single contact plunger  21 assembly
shown in FIG. 3; 22 FIG. 6 is an exploded view of the contact plunger
assembly shown in FIG. 5;  



23 FIG. 7 is a cross sectional view of the single IC receiving socket shown
in  24 FIG. 4 with a contact plunger assembly positioned therein; 25 FIG. 8
is an enlarged broken away portion of the IC receiving socket and DUT  26
board shown in FIG. 1, with several contact positions in various stages of
assembly;  27 FIG. 9 is a cross sectional view of another embodiment of an
IC receiving  28 socket and DUT board according to the present embodiment,
shown with a PGA IC  29 package spaced slightly above the socket; WO
03/076957 PCT/US03/06734  5 1 FIG. 10 is an enlarged cross sectional view
of the IC receiving socket and  2 DUT board shown in FIG. 9; 3 FIG. 11 is a
cross sectional view of the IC receiving socket and DUT board  4 shown in
FIGS. 9-10, shown with the IC package in a fully mounted position; 5 FIG.
12 is an enlarged cross sectional view of the IC receiving socket and  6
DUT board shown in FIG. 11; 7 FIG. 13 is an enlarged cross sectional view
of a single contact plunger  8 assembly shown in FIGS. 9-12; 9 FIG. 14 is
an exploded view of the contact plunger assembly shown in  10 FIG. 13; 11
FIG. 15 is an enlarged broken away portion of the IC receiving socket and
12 DUT board shown in FIG. 9, with several contact positions in various
stages of  13 assembly; 14 FIG. 16 is an enlarged broken away cross
sectional view of a portion of an  15 alternate embodiment of an IC
receiving socket and contact plunger assembly made  16 in accordance with
the present disclosure, showing a BGA IC package spaced slightly  17 above
the socket; 18 FIGS. 17-24 are cross sectional views of alternate
embodiments of test  19 apparatus in accordance with the present
disclosure, in which a biasing member is  20 external to the DUT board; and



21 FIGS. 25-29 are cross sectional views of further alternate embodiments
of test  22 apparatus in accordance with the present disclosure, also in
which a biasing member  23 is external to the DUT board. 24  25 DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENTS 26 The present disclosure is
directed to an apparatus for maximizing the fidelity  27 of an electrical
signal passing from test equipment to an IC package or device under  28
test (hereinafter (DUT), by reducing the distance between the test
equipment and the  29 terminals of the DUT. The apparatus includes a test
socket for holding the DUT, WO 03/076957 PCT/US03/06734  6 1 which is
mounted on a printed circuit board (hereinafter "DUT board") in a  2
conventional manner. The DUT board contains a plurality of bores in which
contact  3 probe assemblies are received and which form interconnects
between the test  4 equipment and the DUT. 5 FIGS. 1-8, when taken
together, illustrate one embodiment of an apparatus 10  6 according to the
present disclosure. As shown in FIGS 1-3, apparatus 10 includes test  7
socket 12 mounted on a DUT board 14 in a conventional manner. A electronic
or IC  8 package (hereinafter package) 16, which in the present embodiment
is a PGA package  9 carrying a DUT (not illustrated), is mounted in test
socket 12 in a conventional  10 manner. Package 16 includes a predetermined
pattern of terminal pins 17  11 corresponding to the DUT. DUT board 14
includes opposing upper and lower  12 surfaces 14a,b and a plurality of via
holes (hereinafter vias) 18 arranged in a  13 predetermined pattern
corresponding to the pattern of terminal pins of the DUT and  14 extending
from top surface 14a to bottom surface 14b. Vias 18 are generally plated
15 with an electrically conductive material such as, for example, tin
solder. 16 Test socket 12 includes upper and lower plates 12a,b each
including  17 corresponding patterns of bores 13,15 respectively, extending
completely through  18 each plate 12a,b, and being arranged in a
predetermined pattern corresponding to the  



19 pattern of terminal pins 17 of the package 16. 20 FIG. 4 shows a single
via 18 having upper and lower ends 18a,b. In the  21 present embodiment,
each via 18 extends through DUT board 14 from upper  22 surface 14a to
lower surface 14b. In the present embodiment, each via 18 includes a  23
shoulder 18s at each of upper and lower ends 18a,b. Vias 18 may have a
constant  24 inner diameter or one that varies, as in the present
embodiment, in which each via 18  25 has an inner diameter dl at each end
18a,b that is greater than inner diameter d2. 26 FIGS. 5-6 show contact
plunger assembly 20 in greater detail. Each contact  27 plunger assembly 20
includes a sleeve member 22, a biasing member 24, and a  28 plunger 26.
Biasing member 24 may be, for example, a contact force coil spring,  29
which is preferred in the present embodiment. Biasing member 24 may be
formed WO 03/076957 PCT/US03/06734  7 1 from any suitable electrically
conductive material such as gold plated, hardened  2 beryllium copper or
steel. In the present embodiment, sleeve member 22 includes  3 upper and
lower sleeve member sections 28, 30, and an axial bore 33 extending  4
therethrough. Upper sleeve member section 28 has upper and lower ends 28u,l
and  5 lower sleeve member section 30 has upper and lower ends 30u,l. When
in an  6 assembled configuration, sleeve member 22 preferably has an outer
diameter that  7 substantially conforms to the inner diameter of vias 18 to
form an interference fit  8 therebetween. According to the present
disclosure, sleeve member 22 may be one or  9 more pieces, and may be open
or closed at the bottom end. 10 Upper sleeve member section 28 has a minor
axial length portion 28c at upper  11 end 28u having a first outer diameter
d3 selected to form an interference fit with  12 vias 18 of DUT board 14,
and a second major axial length portion 28d defined by a  13 shoulder 28z
and having a second outer diameter d4 that is less than diameter d3.  14
Upper end 28u of upper sleeve member section 28 is open, whereas in the
present  15 embodiment lower end 281 ofupper sleeve member section 28 is
constricted or closed,  16 thereby forming an internal spring seat 28s.
Upper end 28u of upper sleeve member  



17 section 28 includes an outwardly radially extending flange 28f. 18 Lower
sleeve member section 30 also has a minor axial length portion 30c at  19
lower end 301 having a first diameter d5 selected to form an interference
fit with  20 vias 18 of DUT board 14, and a second major axial length
portion 30d having a  21 second diameter d6 that is less than diameter d5.
Lower end 30b of lower sleeve  22 member section 30 includes an outwardly
radially extending flange 30f. 23 Flanges 28f, 30f may be formed integrally
with each sleeve member  24 section 28,30 or may be a separate part
received on top and bottom surfaces 14a,b of  25 DUT board 14 and
electrically connected to sleeve member 22. Preferably, sleeve  26 member
22 or sleeve member sections 28,30 may be formed of a suitable electrically
27 conductive material such as a copper alloy preferably plated with gold.
28 Still referring to FIGS. 5-6, plunger 26 has a generally longitudinal
cylindrical  29 shape and includes a body 32, and first and second rod
portions 34, 36 extending from WO 03/076957 PCT/US03/06734  8 1 opposite
ends of body 32 along a longitudinal axis "A" of plunger 26. First rod  2
portion 34 has a diameter greater than that of second rod portion 36, and
includes a  3 selected contact configuration 38 at the upper end thereof.
In the present embodiment,  4 the selected contact configuration 3 8 is a
four point crown, but it should be understood  5 that any contact
configuration may be used. The outer diameter of first rod portion 34  6 is
selected to be somewhat smaller than that of body 32 for a reason to be
discussed  7 below. Second longitudinal rod portion 36 depends downwardly
from body 32, and  8 is sized to be closely and slidingly received in bore
33 of sleeve member 22 in the  9 region of section 28d. Body 32 preferably
has a circumferentially extending ring  10 portion 32r extending radially
outwardly adjacent second rod portion 36. 11 FIG. 7 shows a contact plunger
assembly 20 positioned in a via 18 of DUT  12 board 14 with the terminal 17
contacting contact 38 of plunger 26. 13 FIG. 8 shows various stages of
assembly for apparatus 10. As shown in  14 POS 1, lower sleeve members 30
may be pressed manually or automatically into  



15 lower ends 18b of respective vias 18 until flange 30frests or is pressed
against bottom  16 surface 14b of DUT board 14. Lower sleeve member 30
forms an interference fit  17 with via 18 of DUT board 14, and is thereby
held firmly in place and provides good  18 electrical engagement therewith,
in part due to the plated material on the interior of  19 the via.
Similarly, upper sleeve members 28 may be pressed manually or  20
automatically into. corresponding upper ends 18a ofvias 18, and also into
lower sleeve  21 members 30, until flange 28f pressed firmly against upper
surface 14a of DUT  22 board 14. Upper sleeve member 28 forms an
interference fit with vias 18 of DUT  23 board 14, and with lower sleeve
member 30, and is thereby held firmly in place and  24 provides good
electrical engagement with both lower sleeve member 30 and with  25 DUT
board 14. 26 Thus, one aspect of the present disclosure is an apparatus
that provides a  27 relatively simple and quick method for replacement of
malfunctioning elements ofthe  28 conductive plunger assemblies, including
the sleeve members, which can be removed  29 manually from the DUT board.
For example, when it is desired to replace conductive WO 03/076957
PCT/US03/06734  9 1 sleeve member 22, the sleeve or sleeve sections may be
pushed out from the bottom  2 side of via 18. 3 Lower plate 121 of test
socket 12 then may be mounted on DUT board 14 such  4 that bores 15 are in
substantial alignment with vias 18. Biasing member 24 then may  5 be
inserted into sleeve member 22 until it rests against seat 22s. Plunger 26
may be  6 inserted into bore 33 of sleeve 18 until lower end 361 of lower
rod portion 36 rests  7 against spring 24. It will be seen that bores 15 of
lower plate 12b have a diameter  8 selected to accommodate body 32 of
plungers 26, such that ring portions 32r are  9 closely and slidingly
received therein. Thus, when assembled, lower portion 36 of  10 plunger 26
extends at least partially into section 28d of sleeve member 22, where it
11 is closely held therein, but is spaced apart from section 28c of sleeve
member 22 due  12 to the difference in the inner diameters of sections
28c,d. 



13 Upper plate 12a then may be placed over lower plate 12b with bores 13
14 substantially aligned with corresponding bores 15 and vias 18. The
diameter of  15 bores 13 is selected to be slightly less than that of the
outer diameter of body  16 portion 32 of plunger 26, and slightly larger
than that of upper rod section 34 of  17 plunger 26. The difference in
diameter of bores 13,15 causes plungers 26 to be  18 depressed to an
initial fixtured position extending a first selected force of, for  19
example, 10 grams. The diameter of bores 13 is selected to slidingly
receive respective  20 terminal members 17 of package 16 as well as upper
rod portion 34. Bores 13 may  21 include an optional frusto-conical mouth
portion 1 3 a to facilitate guidance of terminal  22 pins 17 into bores 13.
23 FIGS. 9-15, when taken together, illustrate another embodiment of an  24
apparatus 10' including a test socket 12 mounted on a DUT board 14 in a
conventional  25 manner, and an alternate contact plunger assembly 20'. DUT
board 14 is substantially  26 similar to the DUT board of the previous
embodiment, and will not be described again  27 in the same detail. 28
FIGS. 9-10 show a PGA package 16 carrying a DUT (not illustrated) spaced
29 apart from test socket 12, prior to being mounted in an operating
position. In WO 03/076957 PCT/US03/06734  10 1 FIGS. 11-12, PGA package 16
is shown being mounted in an operating position with  2 terminal pins 17
contacting contacts 38 of plungers 26, which are thereby depressed  3 and
provide a contact force of, for example, 21 grams. 4 As in the previous
embodiment, each via 18 of DUT board 14 has an inner  5 diameter d, at each
end 18a,b that is greater than inner diameter d2, but the difference  6
between dl and d2 is less than in the previous embodiment, resulting in a
shoulder 18s  7 is not as pronounced as in the previous embodiment. 8 FIGS.
13-14 show alternate contact plunger assembly 20' in greater detail,  9
including a sleeve member 22, a biasing member 24, and a plunger 26.
Biasing  10 member 24 and plunger 26 are substantially the same as in the
previous embodiment,  



11 and will not be described again. In the present embodiment, sleeve
member 22 does  12 not include two sections. Thus, sleeve member 22 has
upper and lower ends 22u,l,  13 and a minor axial length portion 22c at
upper end 22u having a first diameter d7  14 selected to form an
interference fit with vias 18 of DUT board 14. Sleeve 22 also has  15 a
second major axial length portion 22d having a second diameter d$ that is
less than  16 diameter d7. Upper end 22u of sleeve member 22 is open, and
lower end 221 of sleeve  17 member 22 is constricted or closed, thereby
forming an internal spring seat 22s.  18 Upper end 22u of sleeve member 22
includes an outwardly radially extending  19 flange 22f. Flange 22f may be
formed integrally with sleeve member 22 or may be  20 a separate part
received on top and bottom surfaces 14a,b of DUT board 14 and  21
electrically connected to sleeve member 22. Preferably, sleeve member 22
may be  22 formed of a suitable electrically conductive material such as a
copper alloy and is  23 preferably plated with gold. 24 With reference now
to FIG. 15, apparatus 10' may be assembled by pressing  25 sleeve members
22 into respective vias 18 until flange 22f rests against upper  26 surface
14a of DUT board 14. Sleeve member 22 forms an interference fit with  27
vias 18 of DUT board 14, and is held firmly in place therein and provides
good  28 electrical engagement with DUT board 14' WO 03/076957
PCT/US03/06734  11 1 In position POS 1, bores 13,15 and vias 18 are shown
in upper plate 12a, lower  2 plate 12b, and DUT board 14, respectively,
without further structure. 3 POS 2 shows a sleeve member 22 press fitted
into place in via 18, with  4 flange 22f seated or resting against upper
surface 14a of DUT board 14. 5 POS 3 shows biasing member 24 positioned in
sleeve member 22 with  6 body 32 of plunger 26 positioned in bore 15 of
lower plate 12b and lower rod  7 portion 36 positioned in bore 33. In this
manner, upper plate 12a limits the upward  8 movement of plunger 26 to the
initial fixtured position. 9 POS 4 shows plunger 26 is the same position as
POS 3, with a terminal pin 17  



10 of PGA package 26 positioned above contact point 38, prior to operation.
11 POS 5 and POS 6 both show plunger 26 in an operating position in
electrical  12 engagement with a terminal pin 17 of PGA package 16, broken
away. 13 FIGS. 16-24, when taken together, illustrate yet another
embodiment of an  14 apparatus 10"' including an alternate test socket 11
mounted on a DUT board 14 in a  15 conventional manner, and yet another an
alternate contact plunger assembly 20" in  16 which the biasing members 24
are external to the DUT board. 17 As shown in FIG. 16, a socket 11 mounted
on DUT board 14 an upper and  18 lower plates 11 a,b. Upper plate 11 a
includes bores 13 extending therethrough, each  19 of which has an upper
small diameter portion 13b and lower larger diameter  20 portion 13c
forming a shelf 13s therebetween. Bores 13 may be adapted to receive  21
solder balls 17 of a BGA IC package 16 for testing, and may optionally
include frusto- 22 conical portion 13a. Lower plate 1 lb includes bores 15
extending therethrough and  23 having a diameter substantially the same as
lower larger diameter portion 13c ofupper  24 plate 12a. It will be
understood that BGA package 10"' is shown merely as illustrative  25 and
that the disclosure can be used with various types of electronic packages
such as,  26 for example, LGA packages. 27 As shown, when in an assembled
configuration, bores 13 and 15 are preferably  28 aligned with vias 18 of
DUT board 14, in which electrically conductive sleeve  29 members 22 are
preferably received. Sleeve members 22 preferably have a closed WO
03/076957 PCT/US03/06734  12 1 lower end 221 extending outwardly from lower
end 14b of DUT board 14, and a  2 flange 22f at the upper end 22u of sleeve
member 22. Flange 22f may be integrally  3 formed with sleeve member 22 or,
if desired, may be a separate part received on top  4 surface 14a of DUT
board 14 and maybe electrically connected to sleeve member 22.  5 As stated
above, vias 18 are generally plated with electrically conductive material
and  6 sleeve members 22 are closely received therein in electrically
conductive relationship  7 with the plating material. 



8 Still referring to FIG. 16, plunger 26' has a generally longitudinal
cylindrical  9 shape and includes a first and second rod portions 34, 36,
and an outwardly radially  10 extending flange 40 positioned between the
first and second rod portions 34,36. First  11 and second rod portions
34,36 extend from opposite ends of flange 40 along a  12 longitudinal axis
"A." In the present embodiment, the outer diameter of rod  13 portions 34,
36 is substantially the same. First rod portion 34 includes a selected  14
contact configuration 38 at an upper end thereof, which is a four point
crown in the  15 present embodiment. It should be understood that any
contact configuration may be  16 used. Second rod portion 36 depends
downwardly from flange 40 and is sized to be  17 closely and slidingly
received in bore 33 of sleeve member 22. Lower end 36a of  18 rod 36 may be
pointed, as in the present embodiment, and is preferably spaced apart  19
from lower end 221 of sleeve member 22, and from lower end 14b of DUT board
14.  20 Flange 40 has an outer diameter selected to freely fit in larger
diameter bore  21 portion 13c of plate 12a but larger than small diameter
bore portion 13b, thereby  22 limiting travel of flange 40 by engagement
with shelf 13s. Shelf 13s also provides a  23 flat wall spring seat for
biasing member 24 which is received between flange 40 and  24 flange 22f of
sleeve member 22. Flange 22f forms an opposing flat wall, for a  25 purpose
to be described below. Second rod portion 36 is closely and slidably
received  26 in each sleeve member 22. 27 In assembling the apparatus,
sleeve members 22 are placed in vias 18 of DUT  28 board 14, and bottom
plate 12b of test socket 12 is positioned such that bores 15 are  29
substantially aligned with vias 18. Plungers 26 are assembled with biasing
WO 03/076957 PCT/US03/06734  13 1 members 24 encircling second rod portions
36, and then both are dropped into  2 bores 33 of sleeve members 22. Top
plate 12a of socket 12 is then positioned such  3 that bores 13 are
substantially aligned with bores 15, and such that plungers 26 are  4
retained in position by pushing on flanges 40 against the bias of biasing
members 24.  5 In use, terminals 17 of package 16 engage contact portions
38 and depress  



6 plungers 26 against the force of biasing members 24 when package 16 is
loaded in  7 socket 12 in a conventional manner. 8 To repair or replace an
individual contact in apparatus 10", top plate 12a may  9 be removed to
expose contact plunger assembly 20". Each contact plunger  10 assembly 20"
to be repaired or replaced is then lifted individually out of the
respective  11 sleeve member for repair or replacement. 12 FIGS. 17-24 show
various alternative embodiments of contact plunger  13 assembly 20" that
may be used in any of the foregoing embodiments, with minor  14 changes,
for example, to the vias 18 and/or test sockets 12. 15 FIG. 17 shows a
contact plunger assembly 41 having a substantially similar  16 structure as
contact plunger assembly 20". Contact plunger assembly 41 has the  17
additional feature that spring 24 is provided with n plus one-half turns so
that the  18 spring ends 24a,b are disposed on diametrically opposite sides
of lower rod 36 to exert  19 a rotational force on plunger 26 to bias the
distal free end of lower rod 36 against  20 sleeve member 22. This
facilitates or improves electrical engagement with sleeve  21 member 22
when spring 24 pushes asymmetrically on the flat surfaces of flanges 22f,
22 40, which preferably lie in planes generally perpendicular to the
longitudinal axis of  23 plungers 26 and sleeve members 22. 24 FIG. 18
shows a contact plunger assembly 43 again having a substantially  25
similar structure as contact plunger assembly 20"'. Contact plunger
assembly 41 has  26 the additional feature that asymmetrical aspect of
spring 24 engagement is provided  27 or increased by wedge shaped insert 42
formed with an angled biasing top surface (not  28 illustrated). WO
03/076957 PCT/US03/06734  14 1 FIG. 19 shows a contact plunger assembly 45
having a substantially similar  2 structure as contact plunger assembly 41,
and additionally including a longitudinal  3 slot 44 defining two arms
46a,b in lower rod 36 of plunger 26. Arms 46a,b are  4 preferably bent
apart slightly to provide a radial outward spring force forming an  



5 interference fit with sleeve member 22. Thus, arms 46a,b provide further
6 improvement in electrical engagement force with sleeve member 22 when
added to  7 or when replacing the rotational bias provided by the
diametrically positioned spring  8 ends 24a,b. Examples of contact probes
that are include slotted plungers are shown  9 in commonly-owned U.S.
Patent No. 6,159,056, the subject matter of which is  10 incorporated
herein by this reference. 11 FIG. 20 shows a contact plunger assembly 47
having a substantially similar  12 structure as contact plunger assembly
41. In the present embodiment, sleeve  13 member 22 further includes an
extension 48 at its upper end 22u which is formed with  14 a longitudinally
extending slot 50 defining two arms 52a,b. Arms 52a,b are preferably  15
bent slightly inwardly to provide a spring force, thereby forming an
interference fit  16 with sleeve member 22 for providing good electrical
engagement force with lower  17 rod 36. 18 FIG. 21 shows a contact plunger
assembly 49 having a substantially similar  19 structure as contact plunger
assembly 41, including asymmetrical spring ends 24a,b.  20 In the present
embodiment, socket 11 is modified to include an underlying plate 54  21
having a wedge shaped or bias angled top surface (not illustrated) disposed
within  22 respective lower diameter bore portions 15 of bottom plate 1lb,
to provide an  23 increased asymmetrical force on the plunger rod portion
against the sleeve member.  24 FIG. 22 shows a contact plunger assembly 51
having a substantially similar  25 structure as contact plunger assembly
41, including asymmetrical spring ends 24a,b.  26 Contact plunger assembly
51 further includes an additional biasing member 27  27 positioned in
sleeve member 22 between lower end 36a of lower rod 36 and closed  28 end
221 of sleeve member 22. The additional spring 27 provides additional
contact  29 force for engagement with solder balls 17 of package 16. WO
03/076957 PCT/US03/06734  15 1 FIG. 23 shows a contact plunger assembly 53
having a substantially similar  2 structure as contact plunger assembly 41,
including asymmetrical spring ends 24a,b.  



3 Sleeve member 22 of contact plunger assembly 53 includes a reduced
diameter  4 tapered portion 22t at the lower, closed end 221, which
facilitates assembly and  5 soldering. 6 FIG. 24 shows a contact plunger
assembly 55 having a substantially similar  7 structure as contact plunger
assembly 41, in which the asymmetrical position of spring  8 ends 24a,b
provides an asymmetrical force on lower rod 36. In the present  9
embodiment, spring end 24a of spring 24 is flattened so that the first turn
engages the  10 seating surface essentially 360 degrees in the at rest
position of the spring, whereas  11 the opposite end 24b of the spring is
merely cut so that only the distal free end of the  12 spring engages the
seating surface in the at rest position. Such an arrangement  13 provides
the desired rotational force without regard to the relative angular
positions  14 of the two distal free ends of the spring. 15 FIGS. 25-29
shows further alternate DUT board configurations and contact  16 plunger
assemblies that maybe used in any of the foregoing embodiments, with minor
17 changes to the vias 18 and/or test sockets 12. 18 FIG. 25 shows a
contact plunger assembly 60 that includes a first sleeve  19 member 23 and
a second sleeve member 22. Sleeve member 23 has a first open  20 end 23a
formed with a radially, outwardly extending flange 23f similar to flange
22f  21 of sleeve member 22. Sleeve member 23 also has a second opposite
end 23, which  22 is also open and is shown extending beyond the lower
surface 14b of circuit board 14.  23 If desired, the sleeve member 23 may
have the same length as sleeve member 22.  24 Sleeve member 23 also
includes an intermediate axial length section 25 formed with  25 an
enlarged diameter portion 25a, shown in frusto-conical shape, which forms
or  26 enhances an interference fit with via 18. Sleeve member 22 has an
open end (not  27 illustrated) formed with a radially, outwardly extending
flange 22f which is arranged  28 to butt up against flange 23f of sleeve
member 23. Sleeve member 22 has a closed WO 03/076957 PCT/US03/06734  16 1
second end 221 which serves as a spring seat 22s for biasing member 24, as
well as  



2 prevents the entry of contaminants. 3 A plunger 24 includes a body
portion 32 with an radial flange 32r extending  4 outwardly from body 32.
Plunger 24 also includes an upper rod portion 34 extending  5 upwardly from
body 34 adjacent flange 32r, and a lower rod portion 36 depending  6
downwardly from body 32. Plunger 24 may have any suitable contact  7
configuration 38, which is a rounded point in the present embodiment. 8 To
assemble, sleeve member 23 is first pushed into via 18 to form an  9
interference fit. Sleeve member 22 is then inserted into the bore of sleeve
member 23  10 until flange 22f rests against flange 23f of sleeve member
23. Thereafter, biasing  11 member 24 is inserted into the bore (not
illustrated) of sleeve member 22, followed  12 by plunger 26, until lower
rod 36 rests against biasing member 24. 13 FIG. 26 shows a contact assembly
70 having the same first and second sleeve  14 members as contact assembly
60, but differs therefrom by the diameter and position  15 of biasing
member 24. Biasing externally of DUT board 14 between flange 22f and  16
flange 32r. It will also be noted that the bottom turn of biasing member 24
which in  17 the present embodiment is a coil spring, lies in a plane which
is essentially normal to  18 the longitudinal axis of plunger 24, whereas
the top turn forms a non-ninety degree  19 angle, which places a rotational
force on plunger 24 relative to the longitudinal axis  20 to enhance
electrical contact between plunger rod 36 and sleeve member 22. 21 To
assemble, sleeve member 23 is first pushed into via 18 to form an  22
interference fit. Sleeve member 22 is then inserted into the bore of sleeve
member 23  23 until flange 22f rests against flange 23f of sleeve member
23. Thereafter, biasing  24 member 34 is slidably received onto lower rod
24 of plunger 26, and thereafter lower  25 rod 24 is inserted into the bore
(not illustrated) of sleeve member 22 until the bottom  26 coil rests
against flange 22f and the upper coil rests against flange 32r. 27 FIG. 27
shows a contact assembly 80 having only a single sleeve member 23  28
fitted into via 18. Plunger 26 has substantially the same structure as
plunger 24 shown  29 in FIG. 25-26, except that lower rod 36 may have a
larger diameter so that it closely WO 03/076957 PCT/US03/06734  



17 1 and slidingly fits within the bore of a sleeve member 23. A ball 82,
such as a solder  2 ball, is positioned at lower end 231 of sleeve member
23 to exclude contaminants and  3 the like. 4 FIG. 28 shows a contact
assembly 90 having a substantially similar structure  5 as contact assembly
80, except that it does not include solder ball 82, leaving lower  6 end
231 of sleeve member 23, open. 7 FIG. 29 shows a contact assembly 100
having a substantially similar structure  8 as contact assembly 90, except
that sleeve member 23 has a closed lower end 231, and  9 an enlarged
diameter portion 25a configured as radiused or bulged section, which  10
provides an improved interference fit. It will be understood that sleeve
members 23  11 could have an open lower end 231, if desired. 12 The
operation of the contact assemblies shown in FIGS. 25-29 is similar to  13
that of the previously described embodiments. 14 While this disclosure has
been particularly shown and described with  15 references to preferred
embodiments thereof, it will be understood by those skilled in  16 the art
that various changes in form and details may be made therein without
departing  17 from the spirit and scope of the disclosure as defined by the
appended claims. WO 03/076957 PCT/US03/06734  18 CLAIMS  What is claimed
is: 1 1. An apparatus for interfacing electronic packages and test
equipment for the  2 packages, comprising: 3 a printed circuit board having
first and second opposing surfaces, a plurality  4 of vias formed in the
printed circuit board in a predetermined pattern, each via having  5 upper
and lower ends and an inner diameter; 6 a test socket overlaying and being
connected to the first surface of the printed  7 circuit board, the test
socket including a first plate and a second plate overlaying the  



8 first plate, each of the first and second plates including a plurality of
bores  9 corresponding to the vias in the printed circuit board; 10 a
conductive sleeve member positioned in each via, the sleeve member having
11 an upper end and a lower end; 12 a biasing member seated against the
lower end of the conductive sleeve  13 member, the biasing member having an
outer diameter less than an inner diameter of  14 the conductive sleeve
member and being moveable in the conductive sleeve member;  15 and 16 a
plunger having a substantially cylindrical body, the body including  17
outwardly extending annular flange, the plunger further including a first
rod portion  18 extending upwardly from the body and a second rod portion
depending downwardly  19 from the body, the first rod portion including an
upper surface defining a selected  20 contact portion, the first rod
portion being at least partially received in the conductive  21 sleeve
member and resting against the biasing member, the body being received in
the  22 bores of the second plate, and the upper rod portion being at least
partially received  23 in the bores of the first plate; 24 wherein, when
the apparatus is in an operating position, the plunger is urged  25
upwardly to make electrical contact with a package terminal. WO 03/076957
PCT/US03/06734  19 1 2. The apparatus of claim 1, wherein the conductive
sleeve member comprises  2 an upper sleeve member section and a lower
sleeve member section, at least a portion  3 of the upper sleeve member
section having an outer diameter less than an inner  4 diameter of the
second sleeve member section, and at least a portion of the first sleeve  5
member section being received into the second sleeve member section. 1 3.
The apparatus of claim 1, wherein bores of the first plate of the test
socket  2 have a have a diameter that is less than a diameter of the bores
of the second plate, and  3 wherein the upward movement of the plunger is
restricted by a lower surface of the  4 first plate when the apparatus is
in an operating position. 



1 4. The apparatus of claim 2, wherein the biasing member is seated against
a  2 bottom surface of the upper sleeve member section. 1 5. An apparatus
for interfacing electronic packages and test equipment for the  2 packages,
comprising: 3 a printed circuit board having first and second opposing
surfaces, a plurality  4 of vias formed in the printed circuit board and
forming a predetermined pattern on the  5 first surface, each via having
upper and lower ends and an inner diameter; 6 a test socket overlaying and
being connected to the first surface of the printed  7 circuit board, the
test socket including a first plate and a second plate overlaying the  8
second plate, each of the first and second plates including a plurality of
bores  9 corresponding to the vias in the printed circuit board; 10 a
conductive sleeve member positioned in each via, the sleeve member having
11 an open upper and a closed lower end; 12 a plunger comprising an annular
flange extending outwardly from a rod, the  13 flange dividing the rod into
a first rod portion extending upwardly from the annular WO 03/076957
PCT/US03/06734  20 14 flange and a second rod portion depending downwardly
from the annular flange, the  15 first rod portion including an upper
surface defining a selected contact region; and  16 a biasing member
positioned about the second rod portion and being seated  17 against the
upper surface of the printed circuit board and the lower surface of the  18
annular flange; 19 wherein, when the apparatus is in an operating position,
the first rod portion  20 is at least partially received in the bores of
the first plate, the annular flange is received  21 in the bores of the
second plate, and the second rod portion is at least partially  22 received
in the conductive sleeve member, and the plunger is urged upwardly to make
23 electrical contact with a package terminal. 


