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(57) Abstract

A reusable carrier (10) for temporarily holding an integrated circuit
(12) during burn-in and electrical test includes a base (14) and a lid (16)
attached to the base (14) by hinges (18). A flexible substrate (19) is attached
to the base (14) with a suitable adhesive. Alignment posts (20) have tapered
surfaces (22) that engage corners (24) of the integrated circuit (12). For
burn-in, the temporary package (10) containing the integrated circuit die
(12) is now loaded into a socket (48) on a burn-in board (50), which is then
loaded into a burn-in system, where otherwise standard burn-in is performed.
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REUSABLE DIE CARRIER FOR
BURN-IN AND BURN-IN PROCESS

INTRODUCTION
Technical Field |
Background
1. Field of the Invention: The present invention relates generally to a

fixture and process for use during evaluation of integratéd circuits and other
semiconductor devices. More particularly, it relates to a reusable carrier for
temporarily holding a semiconductor device as an unpackaged die while the
semiconductor device is tested and/or burned in and to a burn-in and/or electrical
test process using a reusable carrier.

2. Description of the Prior Art: When fabrication of integrated circuits
and other semiconductor devices, such as discrete power transistors, has been
completed, the semiconductor devices are subjected to burn-in and electrical test in
order to identify and eliminate defective semiconductor devices before shipment to a
customer. The term “burn-in” relates to a procedure in which the semiconductor
devices are exercised at a controlled temperature, typically an elevated temperature
in an oven, and certain operating electrical bias and/or signals are supplied to the
semiconductor devices while they are at the elevated temperature. The use of the
elevated temperature accelerates stress to which the devices are subjected during
burn-in, so that marginal devices that would otherwise fail shortly after being placed
in service fail during burn-in and are eliminated before shipping. In electrical test, a
more complete set of operating electrical bias and signals are supplied to the device
to provide a thorough evaluation of its functions.

As presently practiced, both burn-in and complete electrical test are not
carried out until the semiconductor devices have been assembled in packages as they
will be inserted in circuit boards. For burn-in, the packaged devices are temporarily

inserted in sockets of special burn-in boards which include circuit traces for
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contacting a sufficient number of contact pins or pads on the packages to provide the
operating electrical bias and/or signals used during burn-in. In some burn-in
applications, contact needs to be made only to a limited number of pins or pads of a

packaged integrated circuit. For electrical test to verify performance, the integrated

. circuit is removed from the burn-in board and placed in a test fixture that will allow

electrical contact to all of the pins or pads of the packaged integrated circuit.

When a packaged integrated circuit is found to be defective dixring burn-in or
electrical test, it must be scrapped. In addition to the defective die, the integrated
circuit package itself must be discarded. For many years, it has therefore been
desired to carry out the testing and burn-in of integrated circuits at the die level,
before being packaged. Also, the advent of multi-chip modules (MCM:s) has led to
a new requirement for actually shipping devices in die form for assembly of several
die into an MCM. The die must be tested and burned in before'assembly into the
MCM, since MCMs are difficult and expensive to repair. While many proposals to
do this have been made, they have not achieved general use. A significant factor
preventing burn-in and/or electrical test at the die level has been the lack of a fixture
for carrying and protecting the die during burn-in and/or electrical test that will meet

the stringent requirements for such a carrier.
SUMMARY OF THE INVENTION

Accordingly, it is an object of this invention to provide a novel reusable
carrier for temporarily holding a semiconductor die.

It is another object of the invention to provide such a reusable carrier for
temporarily holding a semiconductor die for burn-in that is also suitable for use in
electrical test of the semiconductor die.

It is still another object of the invention to provide a process using a
reusable carrier for burn-in evaluation of a semiconductor die.

It is yet another object of the invention to provide such a process in which
the reusable carrier is further used for electrical test of the semiconductor die.

It is a further object of the invention to provide such a reusable carrier for

temporarily holding a semiconductor die that can be used with conventional burn-in

systems and burn-in boards in the process.
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It is still another object of the invention to provide such a reusable carrier for
temporarily holding a semiconductor die that can readily be provided in different
sizes for different size die and different numbers of pins.

It is yet another object of the invention to provide such a reusable carrier for

temporarily holding a semiconductor die in which the semiconductor die can be

environmentally protected.

The attainment of these and related objects may be achieved tilrough use of
the novel reusable die carrier and burn-in process herein disclosed. A reusable die
carrier in accordance with this invention has a base having a plurality of carrier
contacts for electrical connection of the semiconductor die external of the reusable
carrier. A plurality of electrically conductive traces on the base have first ends
connected to the peripheral contacts and have second ends positioned to engage die
contacts on the semiconductor die. A means on the base positions the semiconductor
die with the die contacts engaging the second ends of the plurality of electrically
conductive traces. A lid is configured for removable positioning over the base to
cover the semiconductor die. A means fastens the lid in position over the base.

A process in accordance with the invention for burn-in of an unpackaged
semiconductor die includes providing a reusable carrier for the semiconductor die
having a plurality of contacts on the carrier. The semiconductor die is inserted in
the reusable carrier. The semiconductor die is heated to an elevated temperature.,
Burn-in input electrical bias and, optionally signals, are supplied from a source
external of the reusable carrier to at least some of the contacts and through the
reusable carrier to the semiconductor die. Burn-in output electrical signals in
response to the burn-in input electrical signals, if supplied, are received from the
semiconductor die and through the reusable carrier from at least some of the
plurality of contacts. The burn-in output electrical signals are evaluated to
categorize the semiconductor die as good or defective.

The attainment of the foregoing and related objects, advantages and features
of the invention should be more readily apparent to those skilled in the art, after

review of the following more detailed description of the invention, taken together

with the drawings, in which:
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an exploded perspective view of a reusable carrier in accordance
with the invention for temporarily holding a semiconductor die.

Figure 2 is a cross section view of the reusable carrier for temporarily

.holding a semiconductor die of Figure 1 in assembled form, ready for use.

Figure 3 is a plan view of the reusable carrier for temporarily holding a
semiconductor die of Figures 1-2. '

Figure 4 is a cross section view of the reusable carrier for temporarily
holding a semiconductor die similar to Figure 2, but with the carrier in an open
position.

Figure 5 is a cross section view similar to Figure 2, but of a second
embodiment of a reusable carrier in accordance with the invention for temporarily
holding a semiconductor die.

Figure 6 is a plan view similar to Figure 3, but of the Figure 5 embodiment
of the reusable carrier for temporarily holding a semiconductor die.

Figure 6A is a plan view of a portion of the reusable carrier of Figures 5-6.

Figure 6B is a cross section view of area 6B in Figure 6A. ‘

Figure 7 is a plan view of a third embodiment of a reusable carrier in
accordance with the invention for temporarily holding a semiconductor die.

Figure 8 is a plan view of the reusable carrier of Figure 7 in use with a test
fixture.

Figure 9 is a cross section view, taken along the line 9-9 in Figure 8.

Figure 10 is a plan view of a portion of another embodiment of a reusable
carrier in accordance with the invention.

Figure 11 is a side view of the die carrier portion shown in Figure 10.
DETAILED DESCRIPTION OF THE INVENTION

Turning now to the drawings, more particularly to Figures 1-4, there is
shown a reusable carrier 10 for temporarily holding an integrated circuit 12 during
burn-in and/or electrical test. The reusable carrier 10 includes a base 14 and a lid

16 attached to the base 14 by hinges 18. A flexible substrate 19, formed from a
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suitable polymeric material, e.g. polyimide, is attached to the base 14 with a suitable
adhesive. Four alignment posts 20 have tapered surfaces 22 that engage corners 24
of the integrated circuit 12 to position the integrated circuit 12 precisely on upper

surface 26 of the substrate 19. A spring-loaded latch 28 engages projection 30 in

aperture 32 of the base 14 to hold the lid 16 closed over the integrated circuit 12.

Electrically conductive traces 34 on the surface 26 have contact bumps (not shown)
which engage contact pads (not shown) on the circuit 12 to connect the integrated
circuit 12 to peripheral contact pads 38 around edges 40 of the substrate 19. The
bumps could alternatively be provided on the circuit 12, rather than on the traces 34.
A spring 42 engages upper surface 43 of the circuit 12 (which comprises the back
side of the integrated circuit 12) when the lid 16 is in its closed position over the
integrated circuit 12, to provide a biasing force to urge the contact pads against the
conductive traces 34 with sufficient force to insure a reliable electrical connection.
A thin layer of rubber or other suitable compliant material may be provided between
the flexible substrate 19 and the base 14 in order to even out the force between the
contact pads and the bumps on the conductive traces 34. A vacuum port 46 is
provided through the base 14, substrate 19 and compliant material to permit
application of a vacuum to hold the integrated circuit 12 in place on the substrate 19.
In practice, the substrate 19 is desirably a commercially available substrate,
available from several manufacturers using different technologies. For example, the
substrate could be an ASMAT substrate, obtainable from Nitto Denko.

The reusable carrier 10 is reasonably environmentally protected, so that the
unpackaged integrated circuit 12 no longer needs to be handled in a clean room
environment. The reusable carrier 10 can now be used in standard burn-in or test
systems.

For burn-in, the temporary package 10 containing the integrated circuit die
12 is now loaded into a socket 48 on a burn-in board 50, which is then loaded into a
burn-in system, where otherwise standard burn-in is performed. The pads 38 of the
substrate 19, now part of the temporary package 10, contact leads 52 of the burn-in
socket 48. As is conventional, burn-in may be carried out with the application of no
more than an operating potential to the integrated circuit, with the application of
both operating potential and operating signals supplied to exercise the integrated

circuit 12, or with the application of both operating potential and operating signals
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and the sensing of output signals from the integrated circuit 12 during burn-in.
Figures 5-6B show another reusable carrier 60 for use with a memory
integrated circuit 62. Tapered alignment posts 64 are positioned to receive the

different shaped integrated circuit 62 in a precise position so that its contact pads

will engage contact bumps on substrate 70. As in the Figures 1-4 embodiment,

electrically conductive copper traces 72 on flexible polyimide substrate 70 have
contact bumps 74 which engage contact pads on the circuit 62 to con;xect the
integrated circuit 62 to peripheral contact pads 68 around edges 77 of the substrate
70. Other than as shown and described, the construction and operation of the
Figures 5-6B embodiment of the invention is the same as that of the Figures 1-4
embodiment.

Figure 7 shows a reusable carrier 80 having additional contact pads 82 on
substrate 84 for testing. For test, which often requires more contacts than burn-in,
the reusable carrier 80 is loaded into a probe card 86 (Figures 8-9) in a tester (not
shown). The probe card 86 has a plurality of conductive traces 88 on an epoxy or
polyimide board 89, each connected to a probe tip 90 for contacting the additional
pads 82 for testing and to a tester connection 92. For clarity, only twelve traces 88
are shown. In practice, an actual probe card might contain hundreds of conductive
traces 88 and probe tips 90. Additional pads 82 are connected to an integrated
circuit under test by conductive traces 93 on substrate 84 and are used for the
additional contacts needed for test. This construction of the substrate 84 allows the
socket 48 (Figure 1) used for burn-in to have significantly fewer pins than would
otherwise be needed for test, saving cost in burn-in, since typically thousands of
times more burn-in sockets than probe cards are required. The electrical test is
carried out either prior to or after burn-in.

Figures 10-11 show part of a die carrier 100, in which a combination of
fixed posts 102 and springs 104 provide an alignment mechanism for the die carrier.
The posts 102 and springs 104 are attached to base 106 and extend through flexible
substrate 108. The fixed posts 102 fix the location of two adjacent sides 110 and
112 of die 114, assuring that the die is properly positioned on the substrate 108. A
taper 116 at the base of the posts 102 holds down the two adjacent sides 110 and
112 when the die 114 is pressed against the posts 102. The pressure to hold the die
114 against the posts 102 is supplied by the two springs 104, which are shaped also
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to supply a slight downward pressure on the two edges 118 of the die in contact with
the springs 104. This downward pressure on the die 114 holds it in place as a die
positioning mechanism (not shown) releases it and pulls away from the die 114,

overcoming any electrostatic or molecular attraction between the die and the

positioning mechanism. This pressure serves the same function of holding the die

114 in place when the carrier lid (not shown) is opened after the burn-in or test.
Other than as shown and described, the construction and operation of the Figures
10-11 embodiment of the invention is the same as that of the Figures 1-6B
embodiments.

It should now be readily apparent that a novel reusable die carrier for burn-in
and burn-in process capable of achieving the stated objects of the invention has been
provided. The reusable carrier temporarily holds a semiconductor die. In one form,
the reusable carrier temporarily holds a semiconductor die for burn-in and is also
suitable for use in electrical test of the semiconductor die. This form of the
invention provides a substantial savings for burn-in sockets where only a limited
number of pins are required for burn-in sockets, since extra contact pads can be
provided in the reusable carrier for contacting an integrated circuit in the carrier for
test. The process uses the reusable carrier for burn-in evaluation of a semiconductor
die, and optionally for electrical test of the semiconductor die. The reusable carrier
can be used with conventional burn-in systems and burn-in boards in the process.
The reusable carrier can readily be provided in different sizes for different size die
and different numbers of pins. One socket design on a burn-in board might be used
with a variety of integrated circuit die in the die carrier by substrate redesign. The
proper direction of signals to the different integrated circuit die can be accomplished
by the use of different substrates in the die carrier. This capability means that it is
possible to move toward a universal burn-in board. In the reusable carrier the
semiconductor die is environmentally protected.

It should further be apparent to those skilled in the art that various changes in
form and details of the invention as shown and described may be made. It is

intended that such changes be included within the spirit and scope of the claims

appended hereto.
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WHAT IS CLAIMED IS:

1. A reusable carrier for a semiconductor die, which comprises a base
having a plurality of carrier contacts for electrical connection of the semiconductor
die external of said reusable carrier, a plurality of electrically conductive traces on
said base, having first ends connected to said peripheral contacts and having second
ends positioned to engage die contacts on the semiconductor die, means on said base
for positioning the semiconductor die with the die contacts engaging the second ends
of said plurality of electrically conductive traces, a lid configured for removable
positioning over said base to cover the semiconductor die, and means for fastening

said lid in position over said base.

2. The reusable carrier for a semiconductor die of claim 1 in which said
base comprises a rigid member having an upper surface and a flexible substrate for

the semiconductor die attached over the upper surface.

3. The reusable carrier for a semiconductor die of claim 2 in which said
reusable carrier additionally comprises a layer of resilient compliant material

between said flexible substrate and said base.

4. The reusable carrier for a semiconductor die of claim 1 in which said lid

is attached to said base by at least one hinge.

5. The reusable carrier for a semiconductor die of claim 4 in which said
means for fastening said lid in position over said base comprises a latch configured

for holding engagement of said base.

6. The reusable carrier for a semiconductor die of claim 1 in which said
means for positioning the semiconductor die comprises a plurality of alignment posts

each having an inclined portion for engaging a portion of the semiconductor die.

7. The reusable carrier for a semiconductor die of claim 1 additionally

comprising a vacuum port extending through said base to engage the semiconductor



WO 95/02196 PCT/US94/07662

10

15

20

25

30

9

die when the semiconductor die is in said means for positioning the semiconductor

die.

8. The reusable carrier for a semiconductor die of claim 1 additionally

comprising a means on said lid for biasing the semiconductor die against the second

ends of said plurality of electrically conductive traces.

9. The reusable carrier for a semiconductor die of claim 8 in which said lid
has an inner surface and said means for biasing the semiconductor die against the
second ends of said plurality of electrically conductive traces comprises a spring

attached to the inner surface of said lid.

10. The reusable carrier for a semiconductor die of claim 1 in which said
plurality of electrically conductive traces are configured to engage the die contacts of

an integrated circuit as the semiconductor die.

11. The reusable carrier for a semiconductor die of claim 10 further
comprising an additional plurality of electrically conductive traces on said base, said
additional plurality of electrically conductive traces having first ends connected to a
plurality of test contacts and second ends positioned to engage additional die contacts

on the semiconductor die.

12. In a reusable carrier for a semiconductor die, said reusable carrier
having a base on which the semiconductor die is mounted and a first plurality of
burn-in electrical contacts on said base for making electrical connection to the
semiconductor die external of said carrier for burn-in of the semiconductor die, the
improvement comprising a second plurality of test electrical contacts on said base for
making electrical connection to the semiconductor die for electrical test of the

semiconductor die.

13. The reusable carrier for a semiconductor die of claim 12 in which said
base comprises a rigid member having an upper surface and a flexible substrate for

the semiconductor die attached over the upper surface, with said first plurality of
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burn-in electrical contacts and said second plurality of test electrical contacts being

on said flexible substrate.

14. A process for burn-in of an unpackaged semiconductor die, which

comprises providing a reusable carrier for the semiconductor die having a plurality

of contacts on the carrier, inserting the semiconductor die in the reusable carrier,
establishing the semiconductor die at a desired temperature, supplying a burn-in
electrical input from a source external of the reusable carrier to at least some of the
contacts and through the reusable carrier to the semiconductor die, maintaining the
semiconductor die at the desired temperature during burn-in, and removing the

semiconductor die from the reusable carrier after burn-in.

15. The process of claim 14 in which the burn-in electrical input includes

operating input signals for the semiconductor die.

16. The process of claim 15 additionally comprising receiving burn-in output
electrical signals in response to the burn-in input electrical signals from the
semiconductor die and through the reusable carrier from at least some of the
plurality of contacts, and evaluating the burn-in output electrical signals to categorize

the semiconductor die as good or defective.

17. The process of claim 16 additionally comprising the steps of removing
the semiconductor die categorized as good from the reusable carrier and packaging

the semiconductor die in a semiconductor die package.

18. The process of claim 14 additionally comprising the steps of supplying
electrical test input electrical signals from a source external of the reusable carrier to
at least some of the contacts and through the reusable carrier to the semiconductor
die, receiving electrical test output electrical signals in response to the electrical test
input electrical signals from the semiconductor die and through the reusable carrier
from at least some of the plurality of contacts, and evaluating the electrical test

output electrical signals to categorize the semiconductor die as good or defective.
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19. The process of claim 18 additionally comprising the steps of removing
the semiconductor die categorized as good from the reusable carrier and packaging

the semiconductor die in a semiconductor die package.

20. The process of claim 18 in which the steps of supplying electrical test

input signals, receiving electrical test output signals and evaluating the electrical test

output electrical signals are carried out after inserting the semiconductor die in the

reusable carrier and prior to burn-in.

21. The process of claim 20 in which the steps of supplying electrical test

input signals, receiving electrical test output signals and evaluating the electrical test

output electrical signals are repeated after burn-in.

22. The process of claim 18 in which the steps of supplying electrical test
input signals, receiving electrical test output signals and evaluating the electrical test

output electrical signals are repeated after burn-in.

23. The process of claim 14, 15, 16, 17, 18, 19, 20, 21 or 22 in which the

semiconductor die is an integrated circuit.
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