
1      TEST DEVICE FOR TESTING A POP STACKED-CHIP BACKGROUND OF THE
INVENTION I. Field of the Invention 100011The present invention
generally relates to a test device for testing 5 a package-on-package
(PoP) stacked-chip; in particular, the present invention relates to a
test device including a test head having a top chip of a PoP
stacked-chip installed inside, for testing a bottom chip of the PoP
stacked-chip. 2. Description of Related Art  [00021Currently
available portable electronic products like smartphones, 10 mobile
computing products and various electronic consumer devices all seek
higher semiconductor fiinctionalities and performance under the
conditions of limited occupation areas and least thickness and weight
with the lowest fabrication costs, so certain manufacturers have
recognized such trends and devoted efforts specifically on the
integration of semiconductor chips, and also 15 developed
three-dimensional packaging technology such as die stacking and
package stacking. [0003]The package stacking can be generally
categorized into two types, respectively referred as
package-on-package (PoP) and package-in- package (PiP). More
specifically, in terms of the integral structure of PoP, at 20
present, the technology utilized in industry can lay out more than
one hundred contacts on a single chip of square centimeter area,
which typically comprises a 



two-layer structure consisting of a first package (top package) and a
second package (bottom package), wherein the first package (top
package) is stacked on top of the second package (bottom package),
with each package surface  including more than one hundred micro
contacts (solder balls) for soldering connection, and then the
contacts respectively on the first package and the second package are
mutually connected by means of precision soldering technologies. So
far, the chip-under-test fabricated in this way is still 5
individually inspected all through visual and manual test operations.
In the PoP stacked-chip, upon stack integrating the top chip with the
bottom chip, it is necessary to perform test processes on final test
yield. Therefore, in a conventional stacked-chip package, it is
required to manually place an individual top chip onto an individual
bottom chip in stack, and then press 10 down the test arm to abut
against the surface of the top chip already stacked on top of the
bottom chip so as to perfoi In the final test. However, in case that
low yields or continuous errors do occur from the test results, it
may become difficult to clearly differentiate whether the top chip or
the bottom one causes such problems. Seeking other approaches for
solution may complicate the 15entire process, if unable to
efficiently identify the problem source. SUMMARY OF THE INVENTION
[0004]The invention provides a test device for testing a package-on-
package (PoP) stacked-chip to solve the above mentioned problem and
others. [0005] An embodiment of the present invention provides a test
device 20 for testing a bottom chip of a PoP stacked-chip. An upper
surface of the bottom chip has a plurality of soldering points for
electrically connecting a plurality of corresponding soldering points
of a top chip of the PoP stacked-chip. The test device comprises a
test head and a plurality of test contacts. The test head has the top
chip installed inside. The plurality of test contacts is installed on
a lower  3 



surface of the test head, and electrically connected to the plurality
of corresponding soldering points of the top chip inside the test
head. When the lower surface of the test head contacts the upper
surface of the bottom chip, the plurality of test contacts is
electrically connected to the plurality of soldering 5points for
testing the bottom chip. [0006]Another embodiment of the present
invention provides a test device for testing a bottom chip of a PoP
stacked-chip. An upper surface of the bottom chip has a plurality of
soldering points for electrically connecting a plurality of
corresponding soldering points of a top chip of the PoP stacked- 10
chip. The test device comprises a test head, a plurality of test
probes, a nozzle, and an air flow passage. The test head has the top
chip installed inside. The first end of the plurality of the test
probes is electrically connected to the corresponding soldering
points of the top chip inside the test head, and the second ends of
the test probes extending outward from a lower surface of the 15 test
head. The nozzle is installed about the center of the lower surface
of the test head, for vacuum absorbing the bottom chip. The air flow
passage penetrates the test head and connecting the nozzle, for
exhausting the air flow so as to generate the absorbing force.
[0007]Other features of the present invention will be apparent from
the 20 accompanying drawings and from the detailed description which
follows. BRIEF DESCRIPTION OF THE DRAWINGS [0008]FIG.1A and FIG.1B
illustrate the first embodiment of the test device of the present
invention;  4 



[0009]FIG.2 illustrates the second embodiment of the test device of
the present invention; [0010]FIG.3A to FIG.3G illustrate the
operation of the test device in the first embodiment of the present
invention; 5[0011]FIG.4 illustrates the third embodiment of the test
device of the present invention; [0012]FIG.5A and FIG.5B illustrate
the fourth embodiment of the test device of the present invention;
and [0013]FIG.6A to FIG.6C illustrate the operation of the test
device in the 10 third embodiment of the present invention. DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENTS [0014]The aforementioned and
other technical contents, aspects and effects in relation with the
present invention can be clearly appreciated through the detailed
descriptions concerning the preferred embodiments of the present 15
invention in conjunction with the appended drawings. 



[0015]Please refer to FIG. 1A and FIG. 1B, which illustrate the first
embodiment of the test device of the present invention. The test
device comprises a test arm 21, a test head 22, a plurality of test
contacts 224, and a test socket 23. The test device tests a bottom
chip of a PoP stacked-chip. The 20 upper surface 51 of the bottom
chip 5 has a plurality of soldering points 511 for electrically
connecting a plurality of corresponding soldering points 222 of a top
chip 221 of the PoP stacked-chip. The plurality of test contacts 224
is installed on the lower surface 225 of the test head 22, and the
plurality of test contacts 224 is electrically connected to the
plurality of corresponding  5 soldering points 222 of the top chip
221 inside the test head 22. When the lower surface 225 of the test
head 22 contacts the upper surface 51 of the bottom chip 5, the
plurality of test contacts 224 is electrically connected to the
plurality of soldering points 511 so as to test the bottom chip 5.
The top chip 5 221 inside the test head 22 is an accurately operative
top chip of golden sample, so the bottom chip can be determined a
fail when the test result comes to grief In this way, the bottom
chips can be classified before packaging the PoP stacked-chips, so
the yield and cost of the PoP stacked-chips are improved. [0016] The
bottom chip 5 is contained in the test socket 23, and the test 



10 socket 23 is electrically connected to signal contacts 521 on the
lower surface 52 of the bottom chip 5. The plurality of test contacts
224 can connect to the plurality of corresponding soldering points of
the top chip 221 inside the test head 22 in different ways; for
example, through the electric conductors of wires or probes, one end
is connected to the plurality of corresponding soldering 15 points
222 of the top chip 221, and the other end penetrates the test head
22 to electrically connect the plurality of test contacts 224. The
test arm 21 is installed to the semiconductor test equipment, and
driven by the group of screw rods, belts and wheels, so that the test
ann 21 can move in the vertical direction over the test socket 23.
When the test ann 21 moves downward close to the test 20 socket 23
for the lower surface 225 of the test head 22 contacting the upper
surface 51 of the bottom chip 5, the top chip 221 inside the test
head 22 and the bottom chip 5 in the test socket 23 form a test loop.
[0017]Please refer to FIG.2, which illustrates the second embodiment
of the test device of the present invention. In this embodiment, the
plurality of test  6 contacts 224 is implemented by the plurality of
test probes 223 electrically connected to the plurality of
corresponding soldering points 222 of the top chip 221 inside the
test head 22. The plurality of test contacts 224 comprises the
plurality of test probes 223. The first end of the plurality of test
probes 223 is 5 electrically connected to the plurality of
corresponding soldering points 222 of the top chip 221 inside the
test head 22, and the second end of the plurality of test probes 223
extends outward from the lower surface 225 of the test head 22. When
the test arm 21 moves downward in the vertical direction, the test
head 22 is close to the test socket 23 so that the plurality of test
probes 223 can 10 contact the upper surface 51 of the bottom chip 5.
The signal contacts 521 on the lower surface 52 of the bottom chip 5
are electrically connected to the test socket 23. Thus, the top chip
221 inside the test head 22 and the bottom chip 5 in the test socket
23 form a test loop. [0018]Please refer to FIG.3A to FIG.3G, which
illustrate the operation of 15 the test device in the first
embodiment of the present invention. The test device of the present
invention is used in the automation test equipment, so the operations
of input, test and output are illustrated together in the following.
As 



shown in FIG.3A to FIG.3C, a transport arm 4 carries the bottom chip
5 from a tray 11 in a charging area 1 to a test area 2; then, the
test device tests the bottom 20 chip 5 in the test area 2. As shown
in FIG.3D, the test an-n 21 moves downward in the vertical direction
for the test head 22 close to the test socket 23, so that the
plurality of test probes 223 of the test head 22 can contact the
soldering points 511 on the upper surface 51 of the bottom chip 5 in
the test socket 23. Then, the top chip 221 inside the test head 22
and the bottom chip 5 in the test  7 socket 23 form the test loop for
testing the bottom chip 5. The number of the test area 2 can be
configured according to the requirement, so the equipment can be
alternatively installed with four or even six test areas, or only
single test area; moreover, the transport arm 4 can be programmed
group by group or one 5 by one to carry the bottom chip 5 to the
different test area 2 for the best test performance. As shown in
FIG.3E to FIG.3F, the test arm 21 moves upward after completing the
test, and then the transport arm 4 carries the bottom chip 5 to leave
the test area 2. At last, as shown in FIG.3G, the transport arm 4
carries the bottom chip 5 of completing the test to a discharging
area 3, and then 10 categorizes on a tray 31 in the discharging area
3. [0019]Please refer to FIG.4, which illustrates the third
embodiment of the test device of the present invention. In this
embodiment, the test device 



further comprises a nozzle 61 and an air flow passage 62, so the test
device can vacuum absorb the bottom chip 5. Cooperating with the
movement of the test 15 arm 21, the test device functions as the
transport arm 4. The nozzle 61 is installed about the center of the
lower surface 225 of the test head 22. The air flow passage 62
penetrates the test head 22. One end of the air flow passage 62
connects to the nozzle 61, and the other end of the air flow passage
62 connects to an air compressor (not shown), for exhausting the air
flow so as to generate 20 the absorbing force. The first end of the
plurality of test probes 223 is electrically connected to the
plurality of corresponding soldering points 222 of the top chip 221
inside the test head 22, and the second end of the plurality of test
probes 223 extends outward from the lower surface 225 of the test
head 22, so the intersection of the air flow passage 62 and the
plurality of test probes  8 may have little air leakage, but this
leakage does not lessen the absorbing force too much. In general, the
material of the nozzle 61 is elastic rubber, so the height of the
nozzle 61 can be at the same level of the plurality of test probes or
higher. When the lower surface 225 of the test head 22 contacts the
upper 5 surface 51 of the bottom chip 5, the nozzle 61 is squeezed
certainly. In the further embodiment, the plurality of test probes
223 can shrink backward and extend outward. When the test device
vacuum absorbs the bottom chip 5, the second end of the plurality of
test probes 223 shrinks backward, so that the nozzle 61 can protrude
from the test probes 223; when the test device tests the 10 bottom
chip 5, the second end of the plurality of test probes 223 extends
outward to protrude from the nozzle 61 so as to electrically connect
the soldering points 511. [0020]Please refer to FIG.5A and FIG.5B,
which illustrate the fourth embodiment of the test device of the
present invention. Comparing to the test 15 head which can vacuum
absorb the bottom chip by itself in the third embodiment, the test
head in the fourth embodiment provides an additional vacuum absorbing
module. The vacuum absorbing module is installed on the 



side of the test arm 21, and capable of moving to the lower end of
the test arm 21 to cover the test head 22, for vacuum absorbing the
bottom chip 5. The 20 vacuum absorbing module comprises a nozzle 71,
an air flow pipe 72, and a rotating arm 73. The rotating ann 73 is
installed on the side of the test arm 21 and has an L-shaped end. The
nozzle 71 is installed on the L-shaped end. One end of the air flow
pipe 72 is connected to the nozzle 71, and the other end of the air
flow pipe 72 is connected to the air compressor (not shown), for  9
exhausting the air flow so as to generate the absorbing force. The
rotating arm 73 can locate on the side of the test arm 21 or on the
lower end of the test arm 21 to cover the test head 22. When the test
device carries the bottom chip 5, as shown in FIG.5A, the nozzle 71
locates on the lower end of the test arm 21, by 5 means of the
rotating arm 73 moving to the lower end of the test arm 21 and then
rotating to cover the test head 22 by the L-shaped end, and
cooperates with the movement of the test arm 21 for functioning as
the transport arm 4. On the other hand, when the test device tests
the bottom chip 5, as shown in FIG.5B, the nozzle 71 locates on the
side of test an-n 21. Thus, the test head 22 can test 10 the bottom
chip 5 when the test ann 21 moves downward in the vertical direction
close to the test socket 23. [0021]Please refer to FIG. 6A to FIG.6C,
which illustrate the operation of the test device in the third
embodiment of the present invention. In the third 



embodiment, the test device comprises the nozzle 61 for vacuum
absorbing the 15 bottom chip 5. Cooperating with the movement of the
test aim 21, the test device functions as the transport arm 4. As
shown in FIG.6A, the test arm 21 moves to the charging area 1. The
test head 22 utilizes the nozzle 61 to vacuum absorb the bottom chip
5 from the tray 11; then, the test arm 21 moves to the test area 2 so
as to carry the bottom chip 5 to the test area 2 and test the bottom
20 chip 5 in the test area 2. The operation in FIG.6A corresponds to
FIG.3A to FIG.3C. As shown in FIG.6B, when the test arm 21 carries
the bottom chip 5 to the test socket 23, the test head 22 moves close
to the test socket 23. Then, when the nozzle 61 stops vacuum
absorbing the bottom chip 5, the plurality of test probes 223 of the
test head 22 contacts the plurality of soldering points 511  10 on
the upper surface 51 of the bottom chip 5, so that the top chip 221
inside the test head 22 and the bottom chip 5 in the test socket 23
can form the test loop for testing the bottom chip 5. As shown in
FIG.6C, after completing the test, the test head 22 utilizes the
nozzle 61 to vacuum absorb the bottom chip 5, and the 



5 test arm 21 moves upward and carries the bottom chip 5 to leave the
test area 2. Then, the test arm 21 carries the bottom chip 5 of
completing the test to the discharging area 3, and categorizes on a
tray 31 in the discharging area 3. The operation in FIG.6C
corresponds to FIG.3E to FIG.3G. Accordingly, the benefit that the
test device has the absorbing function is obvious. Comparing the 10
operations of the first embodiment, the operations of the third
embodiment is much easier; in addition to test time reduction, the
bottom chip 5 carried by the test head 22 prevents from alignment of
the test head 22 and the test socket.  [0022] In conclusion, the
present invention provides a test device for a PoP stacked-chip. The
test device comprises a test head having a top chip of the 15 PoP
stacked-chip installed inside, so the test device according to the
present invention can eliminate the failed bottom chips before
package stacking of the top chip and the bottom chip, for improving
the yield of the stacked-chip. Moreover, the test device according to
the present invention can vacuum absorb the bottom chip, so the
bottom chip can be carried directly by the test head and 20 the test
aim instead of the transport arm, which improves the throughput.
[0023]Through the aforementioned detailed descriptions for the
preferred embodiments according to the present invention, it is
intended to better illustrate the characteristics and spirit of the
present invention rather than restricting the scope of the present
invention to the preferred embodiments  11 disclosed in the previous
texts. On the contrary, the objective is to encompass all changes and
effectively equivalent arrangements within the scope of the present
invention as delineated in the following claims of the present
application.  12 WHAT IS CLAIMED IS: 1. A test device for testing a
bottom chip of a package-on-package (PoP) stacked-chip, an upper
surface of the bottom chip having a plurality of soldering points for
electrically connecting a plurality of 



5corresponding soldering points of a top chip of the PoP
stacked-chip, the test device comprising: a test head, having the top
chip installed inside, and     a plurality of test contacts,
installed on a lower surface of the test head, and electrically
connected to the plurality of corresponding 10soldering points of the
top chip inside the test head; wherein when the lower surface of the
test head contacts the upper surface of the bottom chip, the
plurality of test contacts is electrically connected to the plurality
of soldering points for testing the bottom chip. 152. The test device
according to claim 1, further comprising: a test arm, capable of
moving in a vertical direction, having a lower end for installing the
test head. 3. The test device according to claim 2, further
comprising:     a test socket, for containing the bottom chip, the
test socket 20electrically connected to signal contacts on a lower
surface of the bottom chip; wherein when the test ann moves downward
close to the test socket so that the lower surface of the test head
can contact the upper  



13 surface of the bottom chip, the top chip inside the test head and
the bottom chip in the test socket form a test loop. 4. The test
device according to claim 1, wherein the plurality of test contacts
comprises a plurality of test probes, the first end of the 5
plurality of test probes electrically connected to the corresponding
soldering points of the top chip inside the test head, and the second
ends of the test probes extending outward from the lower surface of
the test head. 5. The test device according to claim 1, further
comprising: 10a nozzle, installed about the center of the lower
surface of the test head, for vacuum absorbing the bottom chip; and
an air flow passage, penetrating the test head and connecting the
nozzle, for exhausting the air flow so as to generate the absorbing
force. 156. The test device according to claim 2, further comprising:
a vacuum absorbing module, installed on the side of the test arm, and
capable of moving to the lower end of the test arm to cover the test
head, for vacuum absorbing the bottom chip.         7. The test
device according to claim 6, wherein the vacuum absorbing 20module
comprises: a rotating arm, installed on the side of the test arm,
having an L-shaped end, capable of moving in the vertical direction
corresponding to the test arm, and rotating to cover the test head  



14 by the L-shaped end when the rotating arm moving to the lower end
of the test arm; a nozzle, installed on the L-shaped end; and
an air flow pipe, connected to the nozzle, for exhausting the air
flow 5so as to generate the absorbing force. 8. A test device for
testing a bottom chip of a package-on-package (PoP) stacked-chip, an
upper surface of the bottom chip having a plurality of soldering
points for electrically connecting a plurality of corresponding
soldering points of a top chip of the PoP stacked-chip, 10the test
device comprising: a test head, having the top chip installed inside,
a plurality of test probes, the first end of the plurality of the
test probes electrically connected to the corresponding soldering
points of the top chip inside the test head, and the second ends of
15the test probes extending outward from a lower surface of the test
head; a nozzle, installed about the center of the lower surface of
the test head, for vacuum absorbing the bottom chip; and     an air
flow passage, penetrating the test head and connecting the 20nozzle,
for exhausting the air flow so as to generate the absorbing force. 9.
The test device according to claim 8, wherein when the test device
vacuum absorbs the bottom chip, the second ends of the test probes
shrinks backward to the lower surface of the test head, so that the 



15 nozzle can protrude from the test probes; when the test device
tests the bottom chip, the second end of the plurality of test probes
extends outward to protrude from the nozzle so as to electrically
connect the soldering points. 510. The test device according to claim
8, further comprising: a test arm, capable of moving in a vertical
direction, having a lower end for installing the test head. 11. The
test device according to claim 10, further comprising:     a test
socket, for containing the bottom chip, the test socket
10electrically connected to signal contacts on a lower surface of the
bottom chip; wherein when the test an-n moves downward close to the
test socket so that the lower surface of the test head can contact
the upper surface of the bottom chip, the top chip inside the test
and the 15bottom chip in the test socket form a test loop. 


