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BGA DEVICE POSITIONER KIT

(1) Field of the Invention.

The invention relates to the testing of semiconductor
devices, and more specifically to a method of transporting and
'positioning of Ball Grid Array (BGA) semiconductor devices during -

device transportation and testing.

(2) Description of prior art.

The present invention relates to a universal production Ball
Grid Array (BGA) socket for establishing solder less contact'
between the'conductive balls of a ball grid array package and the

sockets for transporting or testing of BGA semiconductor devices.

There presently exist several methods for packaging
semiconductor devices. One popular type of semiconductor packaging
is referred to as. Quad Flat Pack (QFP), which is a type of
peripheral lead package. Another type of packaging technology is
referred to as Ball Grid Array (BGA) packaging where conductive
ball leads are placed over the entire surface of a chip instead of

only around the edges of the chip.

A BGA package includes a plastic or ceramic carrier
containing a semiconductor circuit chip and having a plurality of

spaced apart contact balls arranged over the bottom face of the

1

4



carrier or substrate. This plurality of balls is adopted to make
electrical connections with a printed circuit board or with other
BGA chip or semiconductor component mounting surfaces. This allows
for more leads to be placed in a given package size and for

tolerances which are looser than peripheral lead type tolerances.

One manufacturing process which can lead to ball deformation
is that of testing and particularly testing at high temperatures.
After a semiconductor device has been fabricated it undergoes a
variety of tests to ensure its functionality and reliability
before it is shipped to the customer. If testing is'performed at
elevated temperatures, contact ball deformation becomes more

likely.

Once the testihg has been completed and the device returns to
ambient temperatures, indentations in the balls due to the

pressure exerted thereon may remain.

From the foregoing it is clear that BGA techniques require
thatlihe contacting balls are plaéed adhering to reasonable
tolerances, that the pressure exerted while making contact is not
excessive and that makihg the contacts is relatively easy, that is
the BGA semiconductor device carrier has some freedom of motion is

the plane of contact.

Fig. 2 shows the Prior Art device input arm kit, both in side
view and a cross sectional view. Spring 21 exerts downward

pressure on pick-up shaft 10 for better contact with the target
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éocket. The head 24 of the pick up shaft 10 does not have
chamfered sides and does therefore not assist in orienting the
device kit properly.with respect to the target socket. There is
also no provision which allows motion of the pick-up shaft 10 with
' respect to the target socket independent of the top plate or body
22 of the input arm assembly. This means that for any movement or
orientation of the input arm assembly with respect to the target
socket the entire assembly repositions itself including the pick
up shaft 10. The BGA device (not shown) is attached for
transportation to the head 24 of the pick up shaft 10 by means of
vacuum sﬁction, the vacuum is provided through a éhannel which

runs through the center of the pitch up shaft 10 (not shown).

Stabilizing pin 23 is used for dampening any motion which
might occur between the pick up shaft 10 and the body of the kit
22. Clips 16 are provided for manual handling of the input arm
kit. The input arm is used for all movement of BGA devices (such
as to the hot plate and the input shuttle) except for the testing
and oﬁtput positions. The test arm assembly is different from the
input arm assembly, the Prior Art test arm assembly is described

in detail under Fig. 9 following.

Fig. 9 shows the Prior Art BGA device test arm kit together
with a cross section of this kit. This assembly is similar to the
previously described Prior Art device kit, Fig. 2. The main
difference between the Prior Art input arm assembly (Fig. 2) and
the test arm assembly (Fig. 9) is that the test arm assembly has a
top plate 93 and a self guided rest piece where the body of the
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input arm assembly (Fig. 2) consists of one plate. The pick up
shaft 90, Fig. 9, protrudes through the top plate 93. A
stabilizer pin 92 is provided to dampen any motion which might
occur between the pick up shaft 90 and plate 93 of the test
assembly arm.. A spring 97 of proper tension is provided to press
or urge the head 98 of the pick up shaft 90 into the socket of the
target plate or shuttle. Clips 16 are provided for manual handling

of the test arm kit.

US 5,766,021 (Pickles et al.) shows a reusable socket

‘for making electrical connection between a BGA type package and a

test fixture.

US 5,730,606 (Sinclair) shows a universal production BGA

socket for mounting the BGA on a circuit board.
Us 5,731,709 (Pastore et al.) shows a device for testing BGA.

US 5,746,608 (Taylor) shows a surface mount socket for an

electronic package.



SUMMARY OF THE INVENTION

It is the objective of the present invention to provide for
highly accurate and dependable movement of semiconductor devices
within the semiconductor device manufacturing and testing

environments.

It is a further objective of the present invention to
increase the product handling capability within the semiconductor
manufacturing and testing environments by increasing the number,

type and size of semiconductor devices that can be transported.

It is a further objective of the present invention to allow
implementation of the present invention without having any impact
on semiconductor manufacturing or testing apparatus other than the

positioning kit which is the subject of the present invention.

According to the presént invention, a plate is added to the
kit which is used to position the BGA-semiconductor device.’The
BGA kit guides or positiéns the BGA device into position for
testing and other required processing operations such as device
burn-in. The kit guides the BGA device into a device pocﬁét in the
target plate. The plafe which has been added to the BGA device kit
is placed on ball bearings to allow ease of movement in a
direction which is lateral or perpendicular to the direction of

the movement of insertion of the input arm or the test arm into
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éhe target socket. Misalignment between the input arm (when
_inserting a BGA device kit into a BGA device target pocket for
testing, burn-in, etc.) or a BGA test arm-(during testing of a BGA
semiconductor device) and the target socket can in this manner be

compensated for.

A BGA device handling apparatus is used for positioning BGA

semiconductor devices within the following fixtures:

hot plates where the temperature of'the-BGA device can be
controlled over an extended period of time for such purposes as
device burn-in, reliability testing, aging, etc.; BGA
semiconductor devices are placed or loaded into the hot plates by

means of an input arm.

input shuttle which allows for a multiplicity of BGA devices
to be entered into a particular station for further operations of
testing or manufacturing; BGA semiconductor devices are placed or

loaded into the input shuttle by means of an inpuf arm.

outpﬁt shuttle which removes a multiplicity of BGA devices
from a testing or manufacturing station; BGA semiconductor devices
are placed or loaded into the output shuttle by means of an output

arm which is of the same design as the output arm.

docking plate which allows a multiplicity of BGA devices to
be retéined for an extended period of time due to a interruption

in their testing or manufacturing sequence; BGA semiconductor
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devices are placed or loaded into the docking plate by means of an
test arm which provides proper guidance of the socket to the

handler.

testing plate, BGA semiconductor devices are,placed or loaded

into the tésting station by means of the test arm.

The above described shuttles and plates into which the BGA
device is inserted or positioned are for the purpose of the
present invention referred to as target plates. The éockets within
the target plates into which the BGA device is inserted is for the

purpose of the present invention referred to as target sockets.

From the above enumeration it is clear that for BGA device
testing and manufacturing operafions different BGA semiconductor
deﬁice handling assembiies are used, that is the input test arm,
the socket and the docking plate. The input aim positions the
input kit with respect to thé target plate, the test arm poéitions
the BGA device kit with respect to the test plate. These two.or
more assemblies, that is the input kit and the test kit, are
addressed as embodiments within the scope of the present

invention.

In addition, the prior art single guide pin is being replaced
by two guide pins mounted on the plate and placed on ball bearings
which results in more accurate and dependable positioning of the

BGA device kit.



Also, according to the present invention, increased
flexibility in transporting and handling of BGA chip carriers is
accomplished by modifying the head of the pick-up shaft of the
BGA device kit which moves the BGA device between different
positions. The input arm moves the BGA device kit to and from the
hot plate and the input shuttle. The input.arm can further be used
for any other required movement of the device. The test arm moves
the'BGA device kit to the test socket of the BGA test plate. This
increased.flexibility in transporting or poéitioning,a device
under the present invention is required to assure that a plurality
of device sizes and types-does not have a negative effect on
manufacturing throughput and consequently on overall BGA device

cost.

Modification of the Prior Art and preséntly used BGA device
positioning kits in accordance with the present invention does not
impose any requirements on other existing equipment in the BGA

device manufacturing and testing enviromment.
BRIEF DESCRIPTION OF THE DRAWINGS ‘
Fig. 1 shows an exploded perspective view, partially in
section, of a plan view of the pick up shaft (Fig.la) together

with the input arm assembly of the present invention (Fig.ib).

'Fig. 2 shows the Prior Art input arm assembly.



Fig. 3 shows a side view and a cross sectional view of the

positioning kit of the present invention.

Fig. 4 shows a perspective view of the'input shuttle plate
with three possible designs for the chamfered pockets in the

shuttle plate.

Fig. 5 shows a cross section of the first possible chambered

shuttle pocket in the input shuttle plate.

Fig. 6 shows a cross section of the second possible chambered

shuttle pocket in the input shuttle plate.

Fig. 7 shows a cross section of the third possible chambered

shuttle pocket in the input shuttle plate.

'Fig. 8 shows a top view of one of the pocket designs in the
hot plate and the shuttles together with a cross section view of

the positioning pocket for both of these applications.
Fig. 9 shows the Prior Art test arm assembly.

Fig. 10 shows the side view and a cross sectional view of the

test arm assembly in accordance with the present invention.

Fig. 11 shows an exploded perspective view of the docking

plate (Fig. 1la) together with a plan view of the docking plate
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chamfer guide (Fig. 11b), the cross section view of the docking
' plate (Fig. 1llc) and the cross section view of the docking plate

with a pocket (Fig. 11d).

Fig. 12 shows the modifications required to the pick-up
shaft, both in side view (Fig. 12a) and in cross sectional view

(Fig. 12b) to enhance pick-up flexibility.

Fig. 13 shows bottom view (Fig. 13a) with side view (Fig.
13b) and cross sectional view (Fig. 13c) of one version of the
pick-up shaft head. This version uses one plane or surface of the
shaft head for entry into the chamfered shuttle opening (or device

pocket).

Fig. 14 shows the second version of the pick-up shaft head in
‘bottom view (Fig. l4a), in side view (Fig. 14b) and in cross
section view (Fig. l4c). This version is constructed using three
planes or surfaces of the shaft head for entry into chamfered

shuttle openings.

Fig. 15 shows the a shuttle plate with three device pockets.

Fig. 16 shows an exploded perspective view of a docking

plate.

Fig. 17 shows details of a docking plate design, that is Fig.
17a shows a plan view of the top surface of a docking plate with a

large opening for mounting a BGA device for electrical testing and
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two smaller openings which function as device buffers, Fig.

17b shows the rear view of the docking plate as shows in Fig. 17a,
Fig. 17c shows a plan view of a socket design where the socket is
designed such that the insertion of the BGA device into the socket
is guided by chamfered sides of the socket, Fig. 17d shows a cross

sectional view of the socket of Fig. 17c.

DETAILED'DESCRIPTION OF THE INVENTION

Referring now more specifically to Fig. 1, there are shown
the main components of the BGA device input kit, that is the
bottom plate 19, the top plate 20, the pick up shaft 10 and the
 ball beafings 12. The pick up shaft 10 is at the center of the
input arm assembly. The pick up shaft 10 is mounted in the top
plate by means of a shaft stopper 18. Ball bearings 12 are
provided in a circular mounting around the opening 01 through
which the pick up shaft 10 penetrates the upper and the lower
plates 19 and 20 respectively. These ball bearings 12 are the key
to the present invention since they allow movement between the two
plates 19 and 20 with respect to each other and in the plane or
direction of these planes. Four guide pins or screws 17 are used
to maintain the relative positioning between the lower plate 19
and the upper plate 20. The lower section of these four screws 17
is threaded and screwed into the lower plate 19. The upper section
of the four screws are tapered, these upper sections of the four
screws 17 protrude through the lower plate and penetrate openings

provided for this purpose in the upper plate 20. Due to the
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tapering of the four screws 17, the upper plate 20 has freedom of

movement in the X-Y direction with respect to the lower plate 19.

The bottom plate 19 is positioned onto the target plate.by
means of the guide bushings 11, set screws 14 assure that there is
no movement bétween the guide bushing 11 and the bottom plate 19
after the set screws have been tightened. Clips 16 are provided

for manual handling of the BGA device kit.

The BGA device (not shown) is carried by the lower surface 15
(Fig. la) of the pick up shaft 10 by means of a vacuum suck which
is provided through a vacuum channel (not shown) running through
the center of the pick up shaft 10. Further details of the
construct and operation of the BGA device transportation kit are

provided in the following description of Fig.3.

Fig.3 shows a spring 21 mounted around the pick up shaft 10.
This spring 21 exerts pressuré on the pick up shaft 10 in a
downward or Z-axis direction which is the direction of the target
socket. The chamfered sides of the lower surface 25 of the pick up
shaft 10 will provide easy entrance to the target pocket which is
mounted in the surface of a target pléte (hot plate, output or
input shuttle, docking plate, further referred to as target plates
or target surfaces) where the BGA device is to be positioned.The
sides of the lower surface 25 of the pick up-shaft 10 are shown as
chamfered, these éides do not, within the scope of the present
invention, have to be chamfered. When the BGA device handler arm

positions the BGA device above and into the docking plate with the
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target socket, the bottom plate 19 will align the pick up shaft 10
with the target socket further urged by the action of spring 21.
It is clear from this that the positioning of the pick up 5haft
10.is only accurate if the center of the pick up shaft 10 is
located exactly above the geometric center of the pocket in the
target plate. The present invention addresses and eliminétes any
negative effects in pick up shaft alignment that may result if
this alignment is not accurate or if slight variations in the
alignment occur during.the time that the device and the device
input arm assembly are positioned above the target_plaﬁe for
operational purposes. Any misalignment that the top plate 20 of
the BGA device kit has with the position of the aligned pick up
shaft 10 (aligned with the target socket) will be accommodated by
adjustmeht in the relative position between the top plate 20 and
the bdttom plate 19 which is made possible by the ball bearings
12. The top plate 20 is héld to the bottom plate 19 by means of
the guiding pins 17, which have a threaded lower end that is

screwed to the top plate 20.

Fig.4 shows a perspective view of the input shuttle, together
with the cross sections of three possible pocket designs. As part
of the present invention the_pockets for the input shuttle need to
be redesigned, this redesign can be done in one of the three
methods shown in Fig.4. This redesign will further enhance the
positioning of the device within the pocket. The cross sections
for the three possible designs are shown under numbers 1 through 3
- within Fig.4. These three cross sections are further detailed in

the following three figures, that is Figs. 5 through 7. The input
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shuttle design is, other than the redesign of the pockets, not
affected. Guide pins 41 are secured in the input shuttle 40 by
means of cap screws 42. These guide pins 41 serve to position the

input arm and test arm assembly with respect to the input shuttle.

Fig.5 shows the first of the three possible pocket designs
for the shuttle pockets. This design (Fig.5) provides firm support
for the device 52 at points 51 by means of a support step 54. This
design lends itself for device kits with large open space or
tolerance around the periphery of the head of the pick up shaft,
the design would therefore be suitable for a 27x27 BGA. The open
space around the periphery of a 4x4 BGA is considerably more
limited meaning that this design for the shuttle pocket is not
suitable for smaller BGA devices. The sections marked as 52 aﬁd 54
form the BGA device, 54 is part of the BGA device, it forms a
mechanical step that is meant and designed to rest on the socket
edge 51. The ball bearings undefneath the BGA device are indicated
with 53. The BGA device construction shown in Fig. 5 is one type

of BGA device that has step 54 as part of the device 52.

Fig.6 shows the secpnd.possible-design for the shuttle
pocket. For this design the device 52 is guided by the chamfered
sides of the shuttle pocket, the device 52 and the bearings 53 are
resting directly on the shuttle plate 61. The force 62 exerted by
the input arm assembly 63 onto the shuttle plate 61 will therefore
be directly transferred to the ball bearings 53 opening the
. possibility that the ball bearings 53 might be damaged or
‘deformed. It is to be noted that the inpﬁt arm assembly 63
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consists, as shown in Fig. 6 (and Fig.7 following), of three
distinct levels of construct, in size decreasing toward the
shuttle plate 61. These three constructs have not been further
differentiated in this description since they all form part of

pick up shaft that protrudes through the bottom plate 19

(Fig. 3b).

Fig. 7 shows the third and last design within the scope of
the present invention for the shuttle pocket. The input arm .63 is
guided by the chamfered sides of the pocket. in additibn, there
are semi—circulai holes 71 provided at the bottom of the shuttle
opening 72 into which device ball bearirngs 53 are resting. This
design provides for an even distribution of the exerted force 62
which is now exerted on the device body 52 rather than on the ball
bearings 53 as was the ¢ase in the preceding design (Fig. 6). This
design has the added adVéntage of providing better heat
dissemination to the bearings 53 under conditions of high
temperature operation. Note that the device design 52 does not
have the step 54 as previously (Fig. 5) shown to be part of the

device design.

The chamfering feature of the head of the pick-up shaft is
not highlighted in Figs. 5, 6 and 7 because the test head is, for

these applications, designed to be smaller than the matching

- device body package.

Fig.8a shows a top view of the hot plate input shuttle or

output shuttle pocket. Fig.8b shows a cross sectional view of the

15



hot plate input shuttle or output shuttle pocket. The previous
comments made regarding the input shuttle apply to the hot plate
and the output shuttle, that is no redesign of the hot plate and
output shuttle is required within the scope of the present
invention other than the pockets which can be redesigned along the
same pocket design approaches as shown in Figs. 5 through 7.
Fig.8 shows the implementation of the pocket design in accordance
with the proposed method as per Fig. 7, that is the third of the
possible three methods of pocket design. The pocket design as
shown in Fig. 8 is used for the input shuttla; the cutput shuttle
and the hot plate. The BGA device is guided by the chamfered sides
82 of the pocket 83. In addition, there are semicircular holes 81
provided at the bottom of the shuttle pocket 83 into which device
ball bearings will be resting. This design provides for an even
distribution of the exerted force (not shown) which is now exerted
on the device body rather than on the ball bearings. This design
has the added advantége of providing better heat dissemination to
the device bearings under conditions of high temperature
operation. This design of the BGA device does not have a

mechanical step 54 as was shown for the BGA device of Fig. 5

Fig.9 has previously'been described under the description of

the Prior Art.

Fig.10 shows a side view and cross sectional view of the test
arm assembly of the present invention. The pick up shaft 107 is at
the center of the BGA device kit assembly. The lower or contact
surface 109 of the head 111 of the pick up shaft 107 will enter a
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device pocket within the device test plate where the BGA device is
to be posifioned for BGA device testing. This entry into the test
socket is facilitated by the chamfered sides 110 of the head 111
of the pick up shaft 107 and bottdm plate 19 which guide the pick
up‘shaft 107 to the desired position relative to the BGA device
testing socket by meeting with the docking plate guide pins 113.
Further accuracy in positioning the test arm is required which is
provided by the design of the BGA device test kit assembly of the
present invention which provides for two plates, the top pl#ée 102
and the bottom plate 101. Two guide openings or bushings 11 .are
provided for rough orientation of the BGA device test kit with
respect to the téét plate, get_screws 14 secure or fix the
bushings 11 of the lower plate 101 with respect to the test plate.
A rubber ‘O’ ring is used to prevent leakage around the pick up
shaft 107 in the upper plate 102. The top plate 102 is héld
together with the bottom guiding plate 101 by means of four
specially designed guide pin 108. These screws are tapered at the
top head for less friction between the top plate 102 and the
specially designed guide pin 108 during compression and retraction

of the assembly during and after testing respectively.

Around each guide pin 108 there is a spring 104 of correct
tension, a total of four springs, one spring on each side. The
spring 104 provides the compression force from top plate 102 which
comes into play once the bottom plate 101 has been positioned
relative to the target plate or shuttle. In addition it pfevents
excessivé torque on the handler test arm. The center spring 107
provides the refracting force for the pick up shaft 107 ensuring
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tﬁé£ Ehe pick up shaft is always in the correct position and level
for picking up devices from the shuttle. The guide pins 108
therefore have the dual purpose of positioning the bottom p}a;g
101 with respgct to the top plate 102 apd ef holqing campression
springs 104 ip place. The test kit of the present ;nventipp ig
provided with two guide pins 108 which results in ﬁore accurate
and dependable positioning of the BGA device kit. The pick up
shaft 107 with spring 103 in conjunction with the four springs
104, each spring of the correct tension, provide a solid force
which forces the device under test into the test or target socket |
while at the same time preventing any unnecéssary force on the
test arm. From the above it is clear that the pick up shaft 107 of
the test arm can move in a direction which is perpendicular to its
axis and, in doing so, find its optimum or ideal position with
respect to the test socket. Clip holders 16 allow for manual
handling of the test device kit. Shaft guide pins 13 are provided
to assure that the pick up shaft remains in a position which is

perpendicular to bottom plate 101.

The BGA device (not shown) is picked up and held against the
bottom 109 of the head 111 of the pick up shaft 107 of the BGA
device kit by means of vacuum suck provided via a vacuum opening

(not shown) running through the center of the pick up shaft.

Plates 102 and 101 of the test kit are joined together by
means of a specially designed screws with guide pin 108 which have

threaded ends that screw to the top plate 102.
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It is apparent form the above description that the design of
the.test arm'assembly is considerably more complex than the design
- of the input arm. This increased complexity in the design of the
test arm is dictated by the fact that the test arm is subjected to
considerable force and friction during its operation while the

input arm merely moves and positions devices.

Fig.lla shows an exploded perspective view of the docking
plate with support plate 114, bottom guide plate 116, cut 6ut
115, shim 117 for height control, top guide plate 118, pocket-
opening 119 and guide pins 113 for orientation of the BGA device
kit with respect to the docking plate 114. Fig.1llb shows the plan
view of the top of the docking plate with chamfered edges 113.
Fig.llc éhdws a cross sectional view of the docking plate in the
area of the socket 115. Depending on the type of socket being
used, as highlighted in Figs.5 through 7, minor modifications may
. be required to the docking top and bottom guide plates 116 and 118
resp., Fig. llc. The opening in shim 117 may also have to be
édjusted. Height control of the docking plate is readily provided
by means of adding or deleting shims 111 to raise or lower the top
of the docking piate. The gquide plaies 116 and 118 are also
chamfered towards the center of the socket providing the proper

insertion of the BGA device kit and into the socket site.

Fig.1l2 shows modifications to the pick up head, in side view
(Fig.12a) and a cross section (Fig.12b). It is the objective of
the present invention to make the pick up head readily

interchangeable, that is to remove the head assembly 120 from the
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pick up shaft 121. This so that different types and sizes of pick
ﬁp heads 120 can be quickly mounted for high throughput
objectives. By providing a threaded part 123 between the pick up
head 120 and the pick up shaft 121 this objective can be
implemented. A vacuum suck 124, Fig.1l2b, is provided to pick up

the BGA devices.

Fig.13 further details a single contact-surface pick up head
with a bottom plan view 134 (Fig.13a), a side view 135 (Fig.13b)
and a cross sectional view 136 (Fig.13c¢). Threﬁd 137 is provided
for quick interchange of the pick up head 135. Shaft guide holes
131 are provided to guide the positioning of the:- BGA device kit
with respect to the target plate or shuttle. Vacuum suck opening
138 provides for BGA device pick up. The chamfered sides 133 of
socket 132 provide easy entrance to the target plate pocket and

socket.

Fig.14 further details a triple contact-surface pick up head
with a bottom pléh view (Fig.14a), a side view (Fig.1l4b) and a
cross sectional view (Fig.14c). Thread 147 is provided for quick
interchange of the picR up head. Shaft guide holes 141, Fig.l4da,
are provided to guide the positioning of the head 145 of:the pick
up shaft and with it the piék up shaft with respect to the target
plate or shuttle. Vacuum suck opening 148 provides for BGA device
pick up. The chamfered sides 150 of pockets 142 provide easy
entrance between the pick up head and the target plate or shuttle.

The set screws 149 do not vary the vacuum suck pressure and are
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meant for readily forming the vacuum path that links the three
‘head contact surface 147 with the main vacuum suck opening 148.
This triple head contact surface 147, Fig.l4c, allows increased
flexibility in the number of devices which can be handled, that is
from the one contact-surface device pick up head shown in Fi§.13

to the three contact-surface pick up head shown in Fig.14.'

Fig.1l5 shows a shuttle plate 151 with three pocket adaptors
152. The shuttle pockets 153 are, within the scope of the present
invention, enlarged from the Prior Art pockets. Different shuttle
pocket adaptors 152 will be fabricated with the inside or pocket
dimensions of each pocket adaptor 152 corresponding to a
particular BGA device size. The pocket adaptors 152 can be quickly
interchanged and attached to the shuttle plate 151 dependent on
and in accordance with the size and type of the BGA device which
is being processed. Guide pins 154 serve for the initial-alignment
of the pocket adaptors 152 and alignment to the vacuum path and
test arm assembly, cap screws 155 further position the pocket
adaptors 152 with respect to the shuttle plate 151. Guide bins
154 are attached to the shuttle plate i51 by means of the guide
pin screws 156. The edges or sides of the pockets with?pﬂthe
pocket adaptors are chamfered for ease of entry of tﬁ; device into
the pocket.This design modification within the scope.of the
present invention greatly enhances the type of devices which can
be handled by the pick up head and the speed by which these

devices are handled.
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Fig.16 shows an exploded perspective view of the docking
plate, Fig.l6a, together with a plan view of the modification
required to adapt the top plate of the docking plate to |
accommodate the changes to the device package, Fig.l6b. The
chamfered sides 161 of the pocket 163 are modified as indicated
by 162, the width, angle and depth of the chamfering is adjusted
according to the size of the semiconductor to be handled by the
docking plate. Guide pins 164 are provided for aliénment between

the BGA device kit and the target docking plate.

Fig. 17a shows a specially designed docking plate that makes
use of the testing kit of the present invention. The docking plate
170 has an opening 172 of a design to fit and accept the test
socket of the present invention. The docking plate 170 is mounted
as a separate unit into the load board by means of four load board
guide pins 174 and guided into the handler by two docking guide
pins 182. Adjacent to the test socket of the present invention are
brovided two openings 180 into which devices can be temporarily
retained, these openings therefore form device buffers. These
device buffer areas 180 are readily changed and adapted tp serve
as buffer areas for other BGA device packages. Cap screws 178
affix the BGA device within the two buffer openings 180.
Insulation underneath the docking plate assures that no electrical

shorts occur between the docking plate and the load board.

Fig. 17b shows a back or rear view of the docking plate
described above under Fig. 17a. Insulation 184 assures that no
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electrical shorts occur between the docking plate and the load

board. The cap screws 178 as also shown in Fig. 17b.

Fig. 17c shows a design for the docking plate whereby the BGA
device 1s guided into the docking plate by means of the four
chamfered sides 188 of the socket within the docking plate. The
chamfered angle of the four sides 188 of the socket is
approximately 30 degrees. Two guide pins 186 are provide that .
guide the socket into position within the work press assembly..
Contact elements 190 are provided at the base of the BGA device
socket, these are electrical pins that come into contact with the
BGA device ball bearings. The socket boedy will serve as the
mechanical hard stop to preﬁent any over travel by the work press

assembly.

Fig. 174 shows the cross section along the line 17-17’ of the

socket that has been described under Fig. 17c.

The present invention as described in detail above provides
for a customized and flexible device kit for semiconductor Ball
Grid Array applications. Detailed dimensions for the specific
items of hardware required which have been detailed above are
readily determined and are easily adapted to specific BGA
applications. The present invention also greatly extends the
tolerance of alignment of the device within the BGA thus making
BGA applications'better suited for future demands of increasing

throughput and decreasing device cost.
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The described pick up arms with the concomitant plates and
shuttles have been shown in exemplary embodiments which is not to
negate that other configurations are possible to provide the
required electrical connections between the semiconductor device
and the socket. For example, the number of sockets per shuttle
plate can be changed. Whereas the invention is intended to
encompass the foregoing preferred embodiments as well as a
reasonable rangé of equivalents, reference should be made to the
appended claims rather to the foregoing discussion of examples, in
order to access the scope of the invention in which exclusive

rights are claimed.
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What is claimed is:

1) A method for transborting a ball grid array semiconductor
device into a semiconductor manufacturing work station comprising
the steps of:

providing a semiconductor device having a substrate with a
periphery, a plurality of conductive vias formed in the substrate,
a semiconductor die mounted oh the substrate and electrically'
coupled to the plurality of conductive vias, a plurality of
conductive balls attached to the substrate and electrically
coupled to the semiconductor die through the plurality of
conductive vias;

providing an input pocket for receiving the semiconductor
device and having a plurality of semi-circular holes; and

placing the semiconductor device in the input pocket such
that the plurality of semi-circular holes of the input pocket is
providing proper positioning to the plurality of conductive balls

of the attached to the substrate.

2) The method of claim 1 and further comprising biasing the
semiconductor device using the plurality of semi-circular holes to _

send pressure to the semiconductor die.

3) The method of claim 2 wherein said biasing is performed at a
temperature above the ambient temperature.
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4) The method of claim 2 wherein said biasing comprises burn-in of

the semiconductor device.

5) The method of claim 4 wherein the step of biasing the

semiconductor device comprises burning-in of the semiconductor.

6) A method for transporting a ball grid array semiconductor
device out of a semiconductor manufacturing work station
comprising the steps of:

providing a semiconductor device having a substrate with a
éeriphery, a plurality of conductive vias formed in the substrate,
a semiconductor die mounted on the substrate and electrically |
coupled to the pluralify_of conductive vias, a plurality of
conductive balls attached to the substrate and electrically
coupled to the semiconductor die through the plurality of
conductive vias;

providing an output pocket for receiving the semiconductor
device and having a plurality of semi-circular holes; and
placing the semiconductor device in the output pocket such that
the plurality of semi-circular holes of the output pocket is
providing proper positioning to the plurality of conductive balls

of the attached to the substrate.
7) As claim 6 with the addition of biasing the semiconductor

device using the plurality of semi-circular holes to send pressure

to the semiconductor die.
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8) The method of claim 7 wherein the step of biasing is performed

at a temperature above the ambient temperature.

- 9) A method for positioning a ball grid array semicondﬁctor device
in a semiconductor manufacturing work station comprising the
steps of: |

providing a semiconductor device having a substrate with a
. periphery, a plurality of conductive vias formed in the substrate,
a semiconductor die mounted oh the substrate and electficaliy
coupled to the plurality of conductive vias, a plurality of
conductive balls attached to the substrate and electrically
coupled to the semiconductor die through the plurality of
conductive vias; ‘

providing a device docking plate for easy interfacing between
the device load board and the device handler; and

placing the semiconductor device in the device buffer such
that the plurality of semi-circular holes of the buffer are in
minimum contact with the plurality of conductive balls of the

attached to the substrate.
10) The method of claim 6 wherein biasing the semiconductor device
using the plurality of semi-circular holes to send pressure to the

conductive balls connected to the semiconductor die.

- 11) The method of claim 10 wherein the step of biasing is .

performed at a temperature above the ambient temperature
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12) The method of claim 10 wherein the step of biasing comprises

burn-in of the semiconductor device.

13) The method of claim 10 wherein the step of biasing the

. semiconductor device comprises functionally testing the

semiconductor device.

14) A methdd for positioning a ball grid érray semicondﬁctbr
déevice in a semiconductor hot plate work station comprising the
steps of:

providing a semiconductor device having a substrate with a
periphery, a plurality of conductive vias formed in the substrate,
a semiconductor die mounted on the substrate and electrically
coupled to the plurality of conductive vias, a plurality of
conductive balls attached to the substrate and electridally
coupled to the semiconductor die through the plurality of
conductive vias;

providing a device hot plate pocket for receiving the.
semiconductor device and having a plurality of semi-circular

holes; and

placing the semiconductor device in the hot plate pocket such
that the plurality of conductive balls attached to the substrate

is exposed to minimum pressure.

15) As claim 14 with the addition of biasing the semiconductor
device using the plurality of semi-~circular holes to send pressure
to the semiconductor die.
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16) The method of claim 14 wherein the step of biasing is

performed at a temperatufe above the ambient temperature.

17) The method of claim 14 wherein the step of biasing comprises

burn-in of the semiconductor device.

18) The method of claim 14 wherein the step of biasing the
semiconductor device cdmprises subjecting the semiconductor device

to high temperatures for various periods of time.

19) A method for positioning a ball grid array semiconductor
device in a semiconductor hot plate work station comprising the
 steps of:

providing a semiconductor device having a substrate with a
periphery, a plurality of conductive vias formed in the substrate,
a semiconductor die mounted on the substrate and electricélly
coupled to the plurality of conductive vias, a plurality of -
conductive balls attached to the substrate and electrically
-coupled to the semiconductor die through the plurality of
conductive vias; :

providing a device test socket for receiving the
semiconductor device and having a plurality of electrical
éontacts; and '

placing the semiconductor device in the test socket such that
the plurality of electrical contacts of the socket is in contact
with the plurality of conductive balls of the attached to the
substrate.
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20) As claim 19 with the addition of biasing the semiconductor
device using the plurality of input contacts to send at least

power to the semiconductor die.

21) The method of claim 19 wherein the step of biasing is

performed at a temperature above the ambient temperature.

22) The method of claim 19 wherein the step of biasing comprises

burn-in of the semiconductor device.

23) The method of claim 19 wherein the step of biasing the
semiconductor device comprises subjecting the semiconductor device

to high temperatures for various periods of time.

24) The method of claim 19 wherein the stép of biasing the
semiconductor device comprises functionally testing the

semiconductor device after the semiconductor device has been

subjected to high temperatures for various periods of time.

25) An apparatus for securing a semiconductor device into a
pocket mounted on an input shuttle pocket, comprising:

a pick up shaft;

an upper plate and a lower plate assembly having openings within
said upper and lower plates assemblies through which said pick up
shaft protrudes;

guide bushings which guide said lower plate to said input shuttle;
assembly pins which roughly position said upper plate to said

30



R Y

-

lower plate;

a means for mounting the pick up shaft within the pick up kit;

an array of ball bearings mounted in circular manner between said
upper and lower plates around said opening in the lower plate
which allow said upper plate to move laterally with reséect to
said lower plate; and

a spring mounted around the pick up shaft and between said uppér
plate and said lower plate which ensures that the pick up shaft

refracts to its original position.

26) The apparatus of claim 25 positioning said pick up shaft

within said pick up kit by means of the input shuttle guide pins.

27) An apparatus for securing a semiconductor device into a test
socket, comprisingQ

a pick up shaft;

an upper plate and a lower plate ;

openings within said upper and lower plate assemblies through
which said pick up shaft protrudeé;

guide bushes which attach said lower plate to the testing
.position;

a shaft stopper that holds the pick up shaft within its
penetration of said upper plate;

a spring mounted around the pick up shaft and between said.upper
plate and said lower plate which.assures retraction of the pick up
shaft to its original position;

a set of four springs mounted in circular fashion around said

assembly pins between said top plate which urge the top plate
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assembly to move with respect to said lower plate to prevent any
unnecessary force from acting on the handler test arm or the
socket pins; and

clips with clip holders for manual handling of the apparatus.

28) An apparatus for securing a semiconductor device into a
docking plate, comprising:

a pick up shaft;

‘an upper plate and a lower plate;

openings within said upper and lower plate assemblies through
which said pick up shaft protrudes;

guide bushes which attach said lower plate to the testing
position;

a shaft stopper that holds the pick up shaft within its
penetration of said upper plate;

a spring mounted around the pick up shaft and between said upper
plate and said lower plate which assures retraction of the pick up
shaft to its original position;

a set of four springs mounted in circular fashion around said
assembly pins between said top-platé'which urge the top plate
assembly to move with respect to said lower plate to prevent any
unnecessary force from acting on the handler test arm or the
socket pins; and |

clips with clip holders for manual handling of the apparatus.

29) The apparatus of claim 28 whereby said docking plate is loaded
onto the load board by the device handler.
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30) The apparatus of claim 28 whereby said docking plate is guided

into said load board by means of four load board guide pins.

31) The apparatus of claim 28 whereby said docking plate is
guided into said load board by means of a multiplicity of load

board guide pins.

32) The apparatus of claim 28 whereby the device is self guided |

into the device handler by means of two docking guide pins.

33) The apparatus of claim 28 whereby the device is self guided
" into the device handler by means of a multiplicity.of dodking.

guide pins.

34) The apparatus of claim 28 whereby said docking plate contains

a buffer for two devices.

35) The apparatus of claim 28:wheréby said docking pléte contains

a buffer for a multiplicity'of_devices.

36) The apparatus of claim 28 whereby said docking plate contains

an opening for positioning a device for electrical device testing.
37) The apparatus of claim 28 whereby said docking plate contains

an opening for positioning a multiplicity of devices for

electrical device testing.

33



OO R

38) The apparatus of claim 28 wherein said docking plate is

provided with a pocket design for insertion of the device to be
I placed into the docking plate such that the base of the socket of
 the device and the pocket within the docking plate align and guide

the device socket into place by means of chamfered sides of the

docking plate pocket.

39) The apparatus of claim 38 wherein in addition a multiplicity
of guide pins is provided to further enable pbsitioning of the

Aevice within said docking plate.
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