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(57) ABSTRACT 

A test Socket for an integrated circuit package having an 
upper housing and a lower housing Secured to the top and 
bottom Surfaces, respectively, of a load board. The upper 
housing having a cavity for receipt of the integrated circuit 
package and including a hole in the base of the upper 
housing to allow a plurality of Solid Socket plungers to 
contact test Sites on the integrated circuit package. The 
Socket plungers are positioned within a plurality of channels 
formed in the lower housing and extend through a plurality 
of holes in the load board to contact the test Sites. A plurality 
of Springs are positioned in the channels of the lower 
housing below the Socket plungers to provide a Spring force 
to bias the Socket plungers upwardly toward the integrated 
circuit package. A nonconductive pushrod is positioned 
between the Spring and a beveled edge of the plunger and a 
nonconductive cap is positioned above the load board for 
high frequency test Signals. For closely spaced test Sites a 
thinner daughter board is electrically connected to the load 
board through a hole in the load board. The test socket is 
then positioned on the daughter board. 
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TEST SOCKET 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part of U.S. 
patent application Ser. No. 09/044,874 filed Mar. 20, 1998 
which is a continuation-in-part of U.S. patent application 
Ser. No. 08/839,723 filed Apr. 15, 1997. 

FIELD OF THE INVENTION 

0002 This invention relates to test sockets for integrated 
circuit packages Such as a ball grid array package wherein 
the Socket includes an upper housing and a lower housing 
positioned around a load board and a plurality of Solid 
contact pins extending through the load board from the 
lower housing and urged into contact with the integrated 
circuit package by a compliant element in the lower housing 
for applying independent Spring forces to the Solid contact 
pins of the test Socket. 

BACKGROUND OF THE INVENTION 

0.003 Testing of integrated circuits contained within ball 
grid array (BGA) packaging is accomplished through the use 
of what is commonly referred to in the art as a test Socket. 
BGA test Sockets typically include a housing mounted to a 
load board which interfaces with the test electronics. The 
load board is generally a circuit board for transferring test 
Signals from the integrated circuit in the BGA to the test 
electronics. 

0004 Previous methods of attaching the test socket to the 
load board include through hole techniques and Surface 
mounting techniques. In the Surface mounting connection, 
the test Socket includes test pads which make contact with 
the Solder balls on the bottom of the BGA as the BGA is 
compressed against the test pads to transfer the test signals 
to the load board. A problem associated with the surface 
mounting test Socket arrangement is that the Solder balls on 
the bottom of the BGA can vary in height and good electrical 
contact between each Solder ball and the test pad cannot 
always be assured. A Second problem associated with Sur 
face mounting is that once the test pads become contami 
nated from the Solder balls, the entire Socket assembly must 
be replaced. 

0005 Through hole techniques for connecting the Socket 
to the load board include holes drilled through the load board 
for the passage of Spring loaded contact pins which contact 
the solder balls on the BGA and transfer the test signals to 
the load board through the contact between the test pins and 
the holes in the load board. A problem associated with the 
through hole Socket arrangement is that the test pins extend 
ing up through the load board could easily be bent or 
damaged which would negatively impact the test results. To 
avoid this problem, a receptacle can be positioned between 
the Socket and the load board to protect the test pins 
extending through the load board. The result of incorporat 
ing a receptacle requires the length of the test pins in the 
Socket to be increased which creates a problem for testing 
high Speed integrated circuits. To address this problem 
Spring probes have been incorporated which have a short 
travel length, however with short travel Springs, the Spring 
life is short requiring constant replacement. In addition, the 
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use of Spring probes in the Socket can create an impedance 
problem for the transfer of the test signal from the BGA to 
the load board. 

0006 Consequently, a need exists for a new test socket 
for BGA packages which reduces the problems associated 
with prior art test Sockets. 

SUMMARY OF THE INVENTION 

0007. The present invention provides a newly designed 
test Socket, and particularly a test Socket for ball grid array 
integrated circuit packages which reduces the problems 
asSociated with prior test Socket arrangements. Although in 
a preferred embodiment the test Socket is designed for use 
with BGA packages, the Socket can also be adapted for use 
with other integrated circuit packages Such as, for example, 
QFP packages. Briefly, the test socket of the present inven 
tion includes an upper housing and a lower housing Secured 
to the top and bottom Surfaces respectively of a load board. 
The load board is a small circuit board which electrically 
interfaces with the test electronics of an external tester. The 
upper housing includes a cavity for receipt of the BGA and 
includes a hole in the lower Surface to allow a plurality of 
Solid Socket plungers to contact the Solder balls on the 
bottom of the BGA. The socket plungers are positioned 
within a plurality of channels formed in rows and columns 
in the lower housing and extend through a plurality of holes 
also in rows and columns through the load board to contact 
the Solder balls. An elastomeric diaphragm is positioned 
between the upper Surface of the lower housing and the 
lower Surface of the loadboard and extends over and into the 
channels in the lower housing below the plungers to provide 
a Spring force to bias the Socket plungers upwardly toward 
the BGA. The flexible diaphragm provides independent 
Spring biased pressure contact for the movable Socket plung 
erS mounted in the lower housing. Alternatively and more 
preferably, Springs are positioned in the lower housing 
below the plungers to bias the plungers. A non-conductive 
ball is positioned between the plunger and the Spring to 
prevent interference in high frequency applications. In addi 
tion, insulator pins can be positioned below the Socket 
plunger and an insulator cap can be positioned above the 
load board for high frequency applications. Electrically 
conductive cylindrical eyelets are positioned within the 
holes in the load board to guide the travel of the socket 
plungers and to transfer the test signals from the Socket 
plunger to the load board. Alternatively, the through holes in 
the load board are plated for test Signal transfer. 
0008. The socket plunger of the present invention elimi 
nates the problems associated with prior BGA test Socket 
arrangements by eliminating the long lead length and Spring 
inductance problems by incorporating a Solid Socket plunger 
biased by an elastomeric diaphragm. This arrangement also 
provides for a long travel length for the plunger to compen 
sate for lack of coplanar solder balls on the BGA. The use 
of an elastomeric diaphragm also increases the useful life of 
the test Socket when compared to mechanical Springs. 
0009 For closely spaced test sites, the test socket of the 
present invention includes a configuration where a hole is 
cut in the load board and a thinner daughter board is either 
Soldered, connected by a shielded probe, or by a bracket and 
flexible printed circuit board to the load board. The housing 
is connected to the daughter board So that the Socket 
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plungers can be accommodated in the required closely 
Spaced arrangement. These and other advantages of the 
present invention will be more clearly understood by refer 
ence to the following detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 is a cross sectional front view of the BGA 
test Socket of the present invention in a biased condition; 
0.011 FIG. 2 is a cross sectional front view of the test 
Socket of FIG. 1 in a non-biased condition; 
0012 FIG. 3 is an enlarged detail illustrating the Socket 
plunger assembly; 

0013 FIG. 4 is a perspective view of a refill cassette for 
the test Socket; 

0.014 FIG. 5 is a cross-sectional front view of a first 
alternative test Socket arrangement; 
0.015 FIG. 6 is a partial cross-sectional detail of an 
alternative configuration to bias the plunger; 
0016 FIG.7 is a partial cross-sectional detail of an alter 
native Socket plunger configuration; 

0017 FIG. 8 is a top view of a second alternative test 
Socket of the present invention; 
0018 FIG. 9 is a cross-sectional side view of the test 
Socket of FIG. 8: 

0.019 FIG. 10 is a cross-sectional side view of a first 
alternative embodiment of the test Socket of FIG. 8; and 

0020 FIG. 11 is a cross-sectional side view of a second 
alternative embodiment of the test Socket of FIG. 8. 

DETAILED DESCRIPTION 

0021. The test socket 10 for a ball grid array integrated 
circuit package 12 is shown in FIGS. 1 and 2. Although the 
invention is described and illustrated for use with a BGA 
package, the novel design of the test Socket is equally 
applicable for testing other integrated circuit packages. For 
clarity the majority of the detailed description will be limited 
to BGA packages. The test socket 10 of the present inven 
tion, includes an upper housing 14 and a lower housing 16 
secured to the top 18 and bottom 20 surfaces respectively of 
a loadboard 22. The upper housing 14 and the lower housing 
16 are preferably made of plastic and are rigidly Secured to 
the load board by Screws 24 passing through the housing and 
into the load board. The load board is a circuit board which 
electrically interfaces with test electronics of an external 
tester (not shown). 
0022. The upper housing includes a cavity 26 within the 
interior of the upper housing for receipt of the ball grid array 
package 12. The ball grid array package comprises an 
integrated circuit 28 positioned on a substrate 30 and having 
a plurality of solder balls 32 positioned on the lower surface 
of the Substrate opposite the integrated circuit and in elec 
trical communication with the integrated circuit through the 
substrate 30. The solder balls 32 serve as test pads for testing 
the integrated circuit. The substrate 30 rests on a flange 34 
at the base of the cavity 26 and the solder balls 32 extend 
through a hole 36 defined by the flange 34 above the upper 
Surface 18 of the load board 22. 
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0023 The hole 36 in the base of the upper housing also 
provides an opening to allow a plurality of Solid Socket 
plungers 38 to contact the solder balls 32. The Socket 
plungers are positioned within a plurality of channels 40 
formed in rows and columns in the lower housing 16 and 
extend through a plurality of holes 41 through the load board 
to contact the Solder balls 32 as seen best in FIG. 3. Holes 
41 are also positioned in rows and columns similar to the 
pattern of solder balls 32 on the BGA package. The solid 
Socket plunger 38 comprises an enlarged head portion 42 
and a Smaller diameter elongated aim portion 44. The arm 
portion extends through the hole 41 in the load board 22 
while the enlarged head portion 42 remains within the 
channel 40 in the lower housing 16. 
0024. An elastomeric diaphragm 46 is positioned 
between the upper surface 48 of the lower housing 16 and 
the lower Surface 20 of the load board and extends over and 
into channels 40 in the lower housing below the head portion 
42 of the Socket plungers to provide a Spring force to bias the 
Socket plungers upwardly toward the BGA Such that the 
angled top Surface 50 of the plunger arm 44 makes good 
electrical contact with the solder ball32. The angled surface 
50 on the end of the plunger arm is machined to provide 
biasing contact with the solder balls. The flexible diaphragm 
46 provides independent Spring bias pressure contact for the 
moveable Socket plungerS mounted in the lower housing. 
Electrically conductive cylindrical eyelets 52 are positioned 
through each hole 41 in the load board 22 to guide the travel 
of the Socket plunger arms and to transfer the test signals 
generated from the Solder balls through the Socket plungers 
to the load board. The eyelets are preferably made from an 
electrically conductive material Such as cooper beryllium or 
nickel silver. The through holes 41 in the load board are 
typically plated and the eyelet includes a Solder preform ring 
53 which solders the eyelet to the plated through hole to 
rigidly Secure the eyelet to the load board. 
0025 The elastomeric diaphragm 46 is held between the 
lower housing and the load board by the screws 24. The 
elastomeric diaphragm is preferably a thin flexible sheet of 
expandable latex rubber which makes direct contact with the 
Socket plunger heads 42. Although the elastomeric dia 
phragm preferably is made of latex rubber, other materials 
which allow the diaphragm to provide a biasing Spring force 
to the Socket plungers is contemplated. The diaphragm in its 
normal position Stretches to conform to the shape of each 
plunger head portion and an axial force applied to each 
plunger in the direction of the diaphragm during use causes 
the diaphragm to Stretch and provide a compliancy for the 
ends of the plungers in a manner Similar to a common return 
Spring. In response to axial movement of the plunger, the 
thin, flexible diaphragm is freely expandable into the chan 
nels 40 in the lower housing So that the diaphragm can freely 
expand or Stretch into the Void Space of each channel. The 
axial force is applied to the Socket plungers by, in one 
embodiment as shown in FIG. 1, a housing lid 54 hingedly 
connected to the upper housing 14 and Secured to the upper 
housing in a closed position by a clasp (not shown). The lid 
54 includes an enlarged center section 56 sized to push the 
BGA package downwardly against the Socket plungers 
thereby Stretching the elastic diaphragm. Alternatively, the 
axial force can be applied to the BGA package by a robotic 
arm 58 positioned above the BGA package and extending 
into the upper housing through the cavity 26 as shown in 
FIG. 2. In this configuration, no housing lid is necessary, or 
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would be held in an open position. Use of a robotic arm 
would be incorporated into an automated testing configura 
tion. The elastic diaphragm in FIG. 2 is shown in its normal 
position prior to the axial force being applied to the BGA 
package. 
0026. The test socket arrangement of the present inven 
tion provides for easy and inexpensive refurbishment of the 
test Socket due to the ability to easily replace the Socket 
plungers when they become contaminated by the Solder balls 
32. Through repeated use, the angled surface 50 of the 
Socket plunger can become contaminated from tin or lead 
deposits from the solder balls. Refurbishment can be easily 
accomplished through the use of a refill cassette 60 shown 
in FIG. 4. The refill cassette 60 is preferably a plastic block 
containing a plurality of recesses 62 formed in columns and 
rows extending into the refill cassette for the receipt of 
replacement socket plungers 64. FIG. 4 illustrates six 
replacement Socket plungers extending upwardly out of the 
recesses 62 for illustration purposes. It is to be understood 
that a separate Socket plunger 64 would be positioned within 
each recess 62 and would be flush with the upper surface 66 
of the refill cassette. The refill cassette also includes locating 
holes 68 to align the refill cassette during the refurbishment 
proceSS. 

0027. To refurbish the test socket, the contaminated 
Socket plungers are simply replaced by removing the lower 
housing and the elastic diaphragm thereby allowing the 
contaminated plungers to freely fall from the test Socket. The 
refill cassette is then positioned over the lower Surface of the 
load board and then inverted to refill the test socket with the 
new plungers. The elastic diaphragm and the lower housing 
are then reinstalled to the load board for additional testing. 
0028 Referring to FIG. 5, a first alternative test socket 
arrangement is shown. The test socket 70 of FIG. 5 is 
similar to the test socket of FIGS. 1 and 2 except the 
compliant means is a Spring 72 positioned within channels 
40 in the lower housing 16. In this embodiment the upper 
Surface 48 of the lower housing is adjacent the lower Surface 
20 of the load board 22. Channels 40 in the lower housing 
are blind holes that do not extend all the way through the 
lower housing but terminate at a floor portion 74. Although 
this test socket could be used to test BGA packages, FIG. 5 
illustrates that other integrated circuit packages can be tested 
having other types of test Sites 76, which could, for example, 
be test pads or leads. 
0029. A second alternative test socket configuration 80 is 
shown in FIG. 6. The test socket 80 is substantially similar 
to the socket of FIGS. 1, 2 and 5 and includes a different 
arrangement for biasing the plunger 82. Each plunger is 
biased by a spring 84 positioned within a hole 86 extending 
through the lower housing 80. Springs 84 are retained within 
holes 86 by a retention cap 90 secured to the lower surface 
92 of the lower housing by screws (not shown). Retention 
cap 90 covers the rows and columns of holes 86 in the lower 
housing. 

0030 Aball 94 is positioned between the plunger head 96 
and the Spring 84. The ball biases the plunger against the 
plated through holes or eyelets 98 in the load board 100 by 
contacting a beveled surface 102 on the bottom of the 
plunger head 96. The balls can be metal, or a nonconductive 
material, Such as ceramic, for high frequency applications to 
prevent interference with the test signal. The plunger also 
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has a beveled end 104 to contact the Solder balls 106 of the 
integrated circuit 108. Beveled ends 104 ensure good con 
tact with the test sites. 

0031. The test signal is launched from either the top of 
the load board or the bottom of the load board into the 
plunger before traveling to the solder balls of the BGA 
package. For high frequency test Signal applications, an 
alternative plunger arrangement is provided as shown in 
FIG. 7. In this arrangement, a nonconductive pushrod 110 is 
placed below the plunger 112 and a nonconductive cap 114 
is placed above the plunger. The pushrod 110 has an 
enlarged base 116 retained within holes 86 in lower housing 
88 and above springs 84. A smaller diameter arm 118 
extends into plated through hole 98. Arm 118 has a rounded 
end surface 120 which makes biasing contact with beveled 
end 122 of plunger 112. 
0032. Nonconductive cap 114 is placed on the upper 
surface of load board 100 and has an enlarged head portion 
124 for retaining plungers 112. A reduced diameter portion 
126 of plunger 112 extends through holes in the head portion 
124 such that the larger diameter portion 128 of plunger 112 
rests against the cap in an uncompressed State 130. The 
compressed state 132 of the plunger is also shown in FIG. 
7. For high frequency applications, the test Signal is 
launched from the bottom of the load board through the 
plungers to the Solder balls. In this fashion, none of the 
Signal travels to SpringS 84 thereby preventing loSS of the 
Signal. 
0033) To accommodate closely spaced test sites, the test 
Socket of the present invention incorporates a daughter 
board 134 as shown in FIGS. 8 and 9. Typically, the load 
board 136 to which the test Socket is connected is 0.125 inch 
thick, which for closely spaced test sites, is difficult to drill 
the required holes to accommodate the test plungers for Such 
a test site pattern. Consequently, the daughter board which 
is typically 0.030 inch thick, is incorporated so that it is easy 
to drill the holes through the daughter board to accommo 
date the closely spaced test site requirements (which can be 
as closely spaced as 0.020 inch). To accommodate the 
daughter board, a hole 138 is cut in the center of the load 
board 136 Such that the daughter board overlaps the hole cut 
in the load board and is Soldered to the upper Surface of the 
load board. The upper housing 140 includes flanges 142 for 
additional Structural integrity and connection of the daughter 
board to the load board. The lower housing 144 and end cap 
146 is connected to the daughter board by screws 148. 
0034. Alternative methods for attaching the daughter 
board 134 to the load board 136 are shown in FIGS. 10 and 
11. In FIG. 10 a shielded probe 150 is rigidly attached to the 
load board 136 and the daughter board 134 then rests on the 
opposite end of the shielded probe. In FIG. 11 the daughter 
board 134 is electrically connected to the load board 136 by 
a flexible printed circuit board 152. In this embodiment the 
upper housing 140 does not require flanges 142. For Struc 
tural integrity, frame members 154 are rigidly Secured to the 
bottom of the load board to attach the lower housing 144 and 
end cap 146. 
0035 Although the present invention has been described 
and is illustrated with respect to various embodiments 
thereof, it is to be understood that it is not to be so limited, 
Since changes and modifications may be made therein which 
are within the full intended scope of this invention as 
hereinafter claimed. 
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What is claimed is: 
1. A test Socket for an integrated circuit package having a 

plurality of test Sites comprising: 
an upper housing positioned on a circuit board having a 

cavity for receipt of the integrated circuit package; 
a lower housing positioned below the circuit board having 

a plurality of channels for receipt of Solid test pins, 
compliant means positioned below the circuit board for 

urging the test pins through the circuit board and into 
electrical contact with the test Sites on the integrated 
circuit package; and 

means for insulating the test pins between the compliant 
means and the test sites. 

2. The test Socket of claim 1 wherein the circuit board 
includes a plurality of plated through holes for guiding the 
travel of the test pins through the circuit board and trans 
ferring test Signals from the test Sites to the circuit board. 

3. The test socket of claim 1 wherein the compliant means 
is a Spring positioned within each channel of the lower 
housing below the test pins. 

4. The test Socket of claim 3 wherein the means for 
insulating is a nonconductive pushrod positioned between 
the Spring and the test pins. 

5. The test Socket of claim 1 wherein the means for 
insulating is a nonconductive cap positioned between the 
circuit board and the integrated circuit package. 

6. The test socket of claim 4 wherein the test pins have a 
beveled edge for contacting the pushrod. 

7. The test socket of claim 5 wherein the nonconductive 
cap includes means for retaining the test pins in the test 
Socket. 

8. A test Socket for an integrated circuit package having a 
plurality of test Sites comprising: 
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an upper housing positioned on a first circuit board, the 
upper housing having a cavity for receipt of the inte 
grated circuit package; 

a Second circuit board having a hole for receipt of the first 
circuit board; 

a lower housing positioned below the first circuit board 
and extending through the hole in the Second circuit 
board, the lower housing having a plurality of channels 
for receipt of Solid test pins, and 

compliant means positioned below the first circuit board 
for urging the test pins through the first circuit board 
and into electrical contact with the test Sites on the 
integrated circuit package. 

9. The test Socket of claim 8 wherein the first circuit board 
includes a plurality of plated through holes for guiding the 
travel of the test pins through the first circuit board and 
transferring test Signals from the test Sites to the circuit 
board. 

10. The test socket of claim 1 wherein the compliant 
means is a Spring positioned within each channel of the 
lower housing below the test pins. 

11. The test Socket of claim 8 wherein the first circuit 
board is soldered to the second circuit board. 

12. The test Socket of claim 8 wherein the first circuit 
board is connected to the Second circuit board by a shielded 
probe positioned between the first and Second circuit boards. 

13. The test Socket of claim 8 wherein the first circuit 
board is connected to the second circuit board by a flexible 
circuit board. 

14. The test socket of claim 13 wherein the lower housing 
is connected to the Second circuit board by a bracket. 


