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METHOD AND APPARATUS FOR MUBGA 
REMOVAL AND REATTACH 

FIELD OF THE INVENTION 

[0001] The invention relates to a method and apparatus for 
removing and attaching devices to a substrate utilizing a ball 
grid array Wherein the device and the ball grid array are 
heated through conduction of heat through the apparatus. 

BACKGROUND OF THE INVENTION 

[0002] Ball grid arrays (BGAs) are utiliZed for connecting 
electronic components, such as integrated circuit chips, to 
circuit boards. Typically, the electronic components in the 
circuit boards each include a plurality of contacts. Typically, 
contacts on the circuit board Will be arranged in patterns on 
different areas of the circuit board to match the pattern of 
contacts on electronic devices, such as chips and chip 
carriers, that are to be attached on speci?c locations on the 
circuit board. 

[0003] BGAs typically include at least one ball of solder 
arranged betWeen the electronic component and the circuit 
board at each contact so as to electrically connect the 
electronic component to the circuit board. BGAs replace 
perimeter pins With solder balls to directly attach the elec 
tronic component to the circuit board. Thus, BGAs permit a 
reduction in the number of leads in a given package siZe, 
increase I/O density for a given package siZe, among other 
advantages. 

[0004] Additionally, the BGAs can be self-aligning during 
re?oW. This is at least partially a result of surface tension of 
the solder. The surface tension of the solder pulls the solder 
into the smallest possible shape. 

[0005] Additional information regarding BGAs and BGA 
packages is provided by “IBM Details Its Ball-Grid Array 
Push,” Electronic Engineering Times, Aug. 9, 1993, and 
“Ball Grid Arrays: The Hot NeW Package,” Electronic 
Engineering Times, Mar. 15, 1993. The entire contents of 
these tWo articles is hereby incorporated by reference. 

[0006] To attach the electronic components to circuit 
boards, the solder balls are ?rst attached to the side of the 
electronic component to be attached to the circuit board. 
Typically, attaching solder balls to an electronic component 
is accomplished by placing the solder balls in contact With 
the electronic component and raising the temperature of the 
solder balls above the melting point. The solder balls are 
then cooled. 

[0007] The electronic component and BGA typically are 
attached to the circuit board by placing the electronic 
component and BGA in contact With desired location on the 
circuit board. The temperature of the solder is then caused to 
rise above the re?oW temperature of the solder. As the solder 
cools, it secures the component to the circuit board or other 
substrate. 

[0008] Typically, heating the solder to attach the compo 
nent to the circuit board is carried out by eXposing the 
electronic component and, hence, the attached solder balls to 
heated gas. This operation typically is performed in a 
convection re?oW furnace. The electronic component and 
attached solder balls are heated through convection of heat 
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from the gas to the electronic component to the solder balls. 
These solder balls may also be heated directly by contact 
With the hot gas. 

[0009] During the process of attaching electronic compo 
nents to circuits boards, all of the connections might not be 
successfully made betWeen the electronic component and 
the circuit board by the solder balls. Such instances may be 
detected by testing the component prior to advancing the 
circuit board to further processes or incorporation into other 
devices. Additionally, during the operation of a device 
including the circuit board, some of the connections may 
fail. 

[0010] Whether failures of connections occur prior to or 
during operation of a circuit board that includes the BGA, 
the electronic component may need to be reheated to remove 
it from the circuit board. Hot air devices such as shoWn in 
FIG. 1 are also typically used for this “reWork” process as 
Well. FIG. 1 illustrates one eXample of a knoWn device 
utiliZed for heating electronic components and attached 
solder balls to attach the component to a circuit board. An 
additional reason for removing an electronic component 
from a circuit board is to replace it With a neW component 
in the event of improvements to the component. Such 
removed components may be repaired or replaced. 

[0011] A micro ball grid array (,uBGA) is a subset of the 
generic ball grid array. Typically, a pBGA is characteriZed 
by having a ball-to-ball spacing of about 30 mils or 0.03 inch 
or less. Typical BGApackages have a pitch of about 50 mils. 
Commonly, “BGA is in a chip scale packaging family Which 
is de?ned as package siZe being no larger than 1.2 time the 
die siZe. Because of their small footprint, pBGA devices are 
designed to be placed in close proximity on a circuit board. 

SUMMARY OF THE INVENTION 

[0012] An object of the present invention is to provide a 
method and apparatus for attaching and removing electronic 
components from a circuit board through conduction of heat 
to the component and solder balls. 

[0013] The present invention makes possible improving 
temperature control of the component and solder balls for 
attaching electronic components to a circuit board. 

[0014] Furthermore, the present invention makes it pos 
sible to reduce transmittal of heat to devices attached to a 
circuit board adjacent to an electronic device being attached 
to a circuit board. 

[0015] The present invention also helps to ensure adequate 
and uniform heating of components and solder balls for 
attaching electronic components to substrates such as circuit 
boards. 

[0016] According to the present invention, the spacing of 
electronic components attached to a circuit board can be 
reduced. 

[0017] Moreover, the present invention makes possible an 
apparatus that due to its siZe and operation does not require 
additional spacing betWeen electronic components attached 
to a circuit board. 

[0018] Also, the apparatus of the present invention does 
not require a noZZle for introducing hot gas to introduce heat 
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through convection to an electronic component and solder 
balls on the component to be attached to a circuit board. 

[0019] In accordance With these and other objects and 
advantages, the present invention provides an apparatus for 
attaching an electronic device or component to and remov 
ing an electronic device from a substrate. The apparatus 
includes an electronic device pick-up and vacuum head for 
applying a vacuum source to the electronic device for 
engaging, picking-up, and retaining the electronic device. 
Heat is transmitted by conduction through the structure of 
the device pick-up and vacuum head to the electronic device 
and solder for securing the electronic device on the substrate 
to heat the solder to its re?oW temperature. The pick-up and 
vacuum head of the apparatus includes an electronic device 
engaging portion, a vacuum port, and a heat source engaging 
portion. 
[0020] Aspects of the present invention also provide a 
system for attaching an electronic device to and removing an 
electronic device from a substrate. The system includes an 
apparatus for attaching an electronic device to and removing 
an electronic device from a substrate. The apparatus includes 
an electronic device pick-up and vacuum head for applying 
a vacuum source to the electronic device for engaging, 
picking-up, and retaining the electronic device. Heat is 
transmitted by conduction through the structure of the 
device pick-up and vacuum head to the electronic device and 
solder for securing the electronic device on the substrate to 
heat the solder to its re?oW temperature. The pick-up and 
vacuum head includes an electronic device engaging por 
tion, a vacuum port, and a heat source engaging portion. The 
system also includes a vacuum source connected to the 
vacuum port and a heat source connected to the heat source 
engaging portion. 
[0021] Additional aspects provide a method for attaching 
an electronic device to and removing an electronic device 
from a substrate. The method includes contacting an elec 
tronic device With an apparatus for conductively applying 
heat to the electronic device and picking up the electronic 
device. Solder for attaching the electronic device to the 
substrate is heated to the re?oW temperature of the solder by 
applying heat to the device for conductively applying heat. 

[0022] Still other objects and advantages of the present 
invention Will become readily apparent by those skilled in 
the art from the folloWing detailed description, Wherein it is 
shoWn and described only the preferred embodiments of the 
invention, simply by Way of illustration of the best mode 
contemplated of carrying out the invention. As Will be 
realiZed, the invention is capable of other and different 
embodiments, and its several details are capable of modi? 
cations in various obvious respects, Without departing from 
the invention. Accordingly, the draWings and description are 
to be regarded as illustrative in nature and not as restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The above-mentioned objects and advantages of 
the present invention Will be more clearly understood When 
considered in conjunction With the accompanying draWings, 
in Which: 

[0024] FIG. 1 represents a perspective partial cut-aWay 
vieW of an eXample of a prior art apparatus for introducing 
heat to an electronic device and solder balls for attaching the 
electronic device to and/or removing the electronic device 
from a substrate; 
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[0025] FIG. 2 represents a side vieW of an embodiment of 
an apparatus for removing and reattaching electronic devices 
to a substrate according to the present invention; 

[0026] FIG. 3 represents a cross-sectional vieW of the 
embodiment illustrated in FIG. 2; 

[0027] FIG. 4 represents a perspective vieW of the 
embodiments shoWn in FIGS. 2 and 3; 

[0028] FIG. 5 represents a perspective vieW of an embodi 
ment of an apparatus according to the present invention and 
a component feed tray, Wherein the device according to the 
present invention is engaging a substrate to be removed from 
the feed tray and attached to a substrate; 

[0029] FIG. 6 represents an embodiment of an apparatus 
for verifying alignment of an electronic component on an 
embodiment of a device according to the present invention; 

[0030] FIG. 7 represents a perspective vieW of an embodi 
ment of a device according to the present invention arranged 
over a portion of a substrate that an electronic device is to 
be attached to; 

[0031] FIG. 8 represents an embodiment of a portion of a 
system according to the present invention, including ele 
ments for verifying alignment of an electronic component on 
an embodiment of a device according to the present inven 
tion; 

[0032] FIG. 9 represents an overhead vieW of an embodi 
ment of an apparatus according to the present invention 
including heating and vacuum means as Well as position 
altering means; 

[0033] FIG. 10 represents a side vieW of the apparatus 
shoWn in FIG. 9; and 

[0034] FIG. 11 represents a perspective vieW of the appa 
ratus shoWn in FIGS. 9 and 10. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0035] As discussed above, currently, electronic compo 
nents are typically attached utiliZing BGAs by heating the 
component and the solder balls of the BGA utiliZing heat 
convection from hot gas. FIG. 1 illustrates an eXample of a 
knoWn device for applying hot gas to an electronic compo 
nent and the BGA. The device shoWn in FIG. 1 includes a 
noZZle 1 for directing hot gas, the How of Which is indicated 
by arroWs 3 toWard the component 5 to be attached utiliZing 
solder balls 7 to a circuit board 9. Gas ?oWs doWn the noZZle 
over the component 5 and eXits the device through exhaust 
ports 11. The How of eXhaust gas is indicated by arroWs 13. 
The device shoWn in FIG. 1 includes a vacuum pick-up tube 
15 for applying a source of vacuum to the top surface of the 
component 5. The vacuum permits the device to engage the 
component 5 permitting the device to pick-up the compo 
nent and move it. 

[0036] Devices such as those illustrated in FIG. 1 suffer 
from a number of inherent problems. For eXample, as shoWn 
in FIG. 1, the edges of the device eXtend around the 
electronic component 5 being attached to the substrate 9. 
Therefore, sufficient space must eXist around the component 
to accommodate the attachment device. The space require 
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ment, of course, requires that devices on the substrate be 
spaced apart to accommodate the pick-up and heating 
device. 

[0037] Another shortcoming of the device illustrated in 
FIG. 1 is that exhaust gas 13 exits exhaust ports 11. This 
exhaust gas, Which is still hot, ?oWs toWard other electronic 
devices attached to the substrate in the vicinity. Naturally, 
this introduces heat to the additional devices on the sub 
strate. The heat applied to adjacent devices during the 
attachment or removal of a device from a substrate may 
cause the solder balls attached to adjacent devices to be 
heated to the re?oW temperature of the solder. The solder 
may then How and disrupt connections betWeen the devices 
and the substrate or shifted out of proper location. 

[0038] As the siZe of devices being attached to circuits 
boards shrinks, the siZe of the devices for removing and 
attaching the electronic devices typically shrinks as Well. 
Shrinkage of the attachment devices introduces some prob 
lems. For example, since the device illustrated in FIG. 1 
includes both a vacuum pick-up tube and a hot gas noZZle, 
there are limits to hoW small the noZZle/vacuum pick-up 
tube can be produced and still operate reliably. 

[0039] Along these lines, if the vacuum pick-up tube is 
shrunk too much it may be impossible to deliver adequate 
vacuum pressure to con?dently retain the electronic com 
ponent on the pick-up tube. Shrinking of the gas noZZle may 
also reduce the amount of hot gas that can be applied toWard 
the electronic component. 

[0040] An additional short coming of devices such as that 
shoWn in FIG. 1 relates to the someWhat unpredictable 
nature of the introduction of heat through convection from 
the hot gas to the electronic component. Typically, such 
devices monitor the temperature of the hot gas, not the 
component being heated. Hence, determining the proper 
heating parameters typically requires separate use of tem 
perature versus time sensors, Which are often bonded to a 
test sample. Bonding of the temperature sensors typically 
renders the test samples non-functional. Multiple iterations 
of processes utiliZing the removal and reattach device shoWn 
in FIG. 1 are often required to “dial in” the proper hot gas 
temperature, ?oW rate, and dWell times. 

[0041] All of the above problems are magni?ed When 
utiliZing a micro ball grid array (,uBGA). As discussed 
above, pBGA is a further development of ball grid array 
technology. Typically, pBGA is characteriZed by having a 
ball-to-ball spacing of about 0.03 inch or less. 

[0042] Commonly, pBGA is in a chip scale packaging 
family Which is de?ned as package siZe being no larger than 
1.2 time the die siZe. pBGAs typically have a signi?cantly 
loWer thermal mass than conventional BGA packages hav 
ing a pitch of about 50 mils. Another characteristic of 
pBGAs is they have a Weight per input/output of about 1/10 
that of a plastic ball grid array (PBGA), the lightest substrate 
typical of conventional BGAs. 

[0043] Because of their small footprint, pBGA devices are 
designed to be placed in close proximity on a circuit board. 
For example, pBGAs are typically placed on a substrate such 
as a circuit card With less than about 0.200 inch betWeen 
packages. 
[0044] The small siZe and mass of pBGA devices and their 
close spacing experience all of the above-discussed prob 
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lems. For example, due to the close spacing, it is very 
dif?cult to create a hot air removal and reattach device. Also, 
due to their close spacing, the pBGA packages are specially 
susceptible to hot gas exhaust. 

[0045] The present invention provides a solution to the 
above-described problems as Well as others by providing a 
device that introduces heat to BGA packages through con 
duction of heat through the removal and reattach apparatus 
structure rather that through convection of heat through gas 
introduced into the removal and reattach device. The present 
invention is particularly useful for pBGA applications since 
it addresses the above discussed problems With pBGAs. 

[0046] FIG. 2 illustrates an embodiment of an apparatus 
for attaching an electronic device to and/or removing an 
electronic device from a substrate. As referred to herein, an 
“electronic device” may refer to a chip Whether alone or 
attached to a chip support or any other electronic device. The 
term “substrate” may refer to a circuit board, circuit card or 
other substrate. 

[0047] An apparatus according to the present invention 
typically includes a pick-up and vacuum head for applying 
a vacuum source to the electronic device so as to engage the 

electronic device. By engaging the electronic device, the 
pick-up and vacuum head may pick-up the electronic device 
and retain it thereon for moving the electronic device from 
one location to another. Heat is transmitted by conduction 
through the structure of the pick-up and vacuum head to the 
electronic device. The heat is then conducted through the 
electronic device to solder balls to heat the solder balls for 
securing the electronic device to the substrate. 

[0048] Typically, the solder balls are heated to a tempera 
ture above the re?oW temperature of the solder. The pick-up 
and vacuum head includes an electronic device engaging 
portion, a portion for applying a vacuum to the pick-up and 
vacuum head and a heat source or heat source engaging 
portion for introducing heat to the pick-up and vacuum head. 

[0049] The embodiment illustrated in FIG. 2 includes a 
vacuum port 19. The embodiment illustrated in FIG. 2 also 
includes an electronic device engaging portion 21 and a heat 
source engaging portion 23. 

[0050] The exact shape of the device according to the 
present invention may vary. There is no requirement that it 
be shaped as the embodiment illustrated in FIG. 2. The 
apparatus may be shaped such that it includes a device 
engaging portion having a portion that contacts the elec 
tronic device having an outer shape approximately a similar 
shape to the shape of the electronic device. This may help to 
ensure that the electronic device is heated completely and 
evenly. Typically, this loWer device engaging portion does 
not extend beyond the limits of the electronic device. 

[0051] The remaining portion of a device according to the 
present invention may have various con?gurations as long as 
heat may be applied conductively through the device and a 
source of vacuum may be applied through the device to 
pick-up and move the electronic component being attached 
to the substrate. 

[0052] The embodiment illustrated in FIG. 2 includes a 
threaded connection 25 for attaching a heat source and/or a 
vacuum source. The heat and/or vacuum source may be 
threadably attached to the device pick-up and vacuum head 
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17. The heat and vacuum may be introduced into the device 
pick-up and vacuum head through a single element. Alter 
natively, tWo separate devices could be connected to the 
device pick-up and vacuum head for separately applying 
vacuum and heat. 

[0053] Both the vacuum and heat sources could be con 
nected to the threaded connection 25. According to some 
embodiments, one of the heat source and vacuum source 
may be attached to the threaded connection. The other of the 
heat source and vacuum source may be connected by other 
means to pick-up and vacuum head. For example, a vacuum 
source could be inserted Within the vacuum port 19. 

[0054] The vacuum port connected to an internal passage 
27 shoWn in FIG. 3 could have interior threads. The vacuum 
source could have exterior threads complementary to inte 
rior threads in the vacuum port. Alternatively, the heat 
source and/or the vacuum source could be frictionally 
secured Within the passage. HoWever, rather than being 
connected to the pick-up and vacuum head, the heat source 
may be integral With the pick-up and vacuum head. 

[0055] According to one embodiment, the heat source is a 
resistive heating element. HoWever, any heat source may be 
utiliZed that can conductively introduce heat into the appa 
ratus, electronic component, and solder balls. 

[0056] As can be seen in FIG. 2 and cross section in FIG. 
3, vacuum port 19 provides an opening to a central passage 
27 through an upper elongated portion 29 of the pick-up and 
vacuum head. The eXact con?guration of the upper elon 
gated portion 29 is not crucial to the present invention. The 
upper portion 29 could have other shapes, lengths, and cross 
sections Without departing from the basic idea of providing 
an apparatus for conductively transmitting heat to the elec 
tronic component to be attached to the substrate and apply 
ing the vacuum source to the component through the device. 

[0057] Additionally, although the embodiment illustrated 
in FIGS. 2-4 is a single member, a device according to the 
present invention could include more than one member 
joined together. For eXample, the upper tubular portion 
could be connected to a loWer device engaging portion 
through threads, frictional connections, Welding, adhesives, 
or any other means. 

[0058] The upper tubular portion 29 integral With or joined 
to a central ?ared portion 31. The ?ared portion 31 may 
provide the apparatus of the present invention With a heat 
sink to help the device retain heat and provide more uniform 
and reliable heat to the process for removing and attaching 
components to a substrate. As illustrated in FIG. 2 and in a 
perspective vieW in FIG. 4, the central portion 31 may be a 
?ared out portion having a rectangular cross section. Of 
course, it could have any shape. To result in more uniform 
conductance of heat to the electronic component being 
attached to the substrate, the ?ared portion 31 may be ?ared 
With respect to the device engaging portion of substantially 
equal lengths around the entire perimeter of the central 
portion 31. 

[0059] Central portion 31 may also include a plurality of 
standoffs 33. The standoffs may engage a surface of the 
substrate that an electronic component is being attached to. 
As a result, When the pick-up and vacuum head With the 
attached component is arranged over the site Where the 
component is to be attached and the pick-up and vacuum 
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head and electronic component are placed in contact With 
the surface of the substrate, the standoff Will engage the 
surface of the substrate and help prevent the device of the 
present invention from applying force to the electronic 
component. Such force could cause the solder of the solder 
balls When heated to the re?oW temperature to simply spread 
out in the space betWeen the electronic component and the 
surface of the substrate. If the solder ?oWs in this space 
solder balls could be interconnected With each other result 
ing in shorts and/or a failure of the connections. 

[0060] At least one standoff may also control space 
betWeen electronic devices attached to the substrate. The 
embodiment shoWn in FIGS. 2-5 includes four standoff posts 
arranged in a square attached to the pick-up and vacuum 
head. HoWever, the present invention may include as many 
standoff posts as is necessary. According to one embodi 
ment, rather than posts, may include standoff Walls. For 
eXample, the pick-up and vacuum head could include tWo 
standoff Walls arranged on opposite sides of the pick-up and 
vacuum head. The Wall could also eXtend all the Way around 
the pick-up and vacuum head. 

[0061] The central portion 31 of the apparatus may also 
include one or more gas ports 35 for permitting gas gener 
ated during the removal and attach process to vent aWay 
from the substrate. A vacuum source could be connected to 
the copper gas ports 35 to facilitate the removal of any gas 
generated during the process aWay from the substrate and 
prevent such gas from entering the atmosphere. 

[0062] Gas ports 35 could also be used as a means of 
directing reducing or inert gas, such as nitrogen, to the solder 
re?oW area. Such gases may be utiliZed to improve solder 
ability and solder joint characteristics, that is, bright and 
shiny, by reducing and/or preventing metallic oXide forma 
tion at soldering temperatures. 

[0063] The present invention also includes a device engag 
ing portion 21. As stated above, the device engaging portion 
21 may have a loWer outer perimeter that is about the same 
siZe but typically slightly smaller than the perimeter of the 
electronic component being attached to a substrate. The 
shape of the perimeter of the device engaging portion may 
be about the same as the shape of the electronic component 
being attached to the substrate. The siZe and/or shape of the 
device engaging portion may vary depending, upon the 
shape and siZe of the device being attached to the substrate. 

[0064] As shoWn in FIG. 3, the interior passage 27 may 
?are in the vicinity of the device engaging portion 21. This 
may permit the vacuum to act on a larger portion of the 
surface of the electronic device being attached to the sub 
strate. The vacuum acting on a larger portion of the elec 
tronic device may help to ensure that the pick-up and 
vacuum head retains the electronic device. HoWever, pref 
erably, the thickness of the pick-up and vacuum head in the 
area of the device engaging portion 21 is sufficient to result 
in a desired amount of heat transferred to an electronic 
device in a desired period of time. 

[0065] An apparatus according to the present invention 
may be incorporated into a system for attaching and remov 
ing electronic components to or from a substrate, such as a 
circuit board. FIGS. 5, 6 and illustrate various components 
of a system according to the present invention. The present 
invention is particularly useful With pBGAs particularly due 
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to the loW thermal mass of the devices being attached With 
pBGAs and the loW thermal mass of the pBGAs. 

[0066] A system according to the present invention may 
include a pick-up and vacuum head 37. The system may also 
include a component feed tray 39 on Which electronic 
components 41 to be attached to a substrate 43 may be 
arranged. The component feed tray 39 may be arranged in a 
predetermined location so as to facilitate accurate alignment 
of the pick-up and vacuum head 37 With components 41 
arranged on the tray. 

[0067] Movement of the device pick-up and vacuum head 
may be controlled through computeriZed controls. The 
device pick-up and vacuum head may be attached to a robot 
control arm or other device for automatically moving and 
positioning it. Of course, the system also includes a vacuum 
source and a heat source. 

[0068] FIGS. 9-11 illustrate a bottom vieW, a side vieW, 
and a top perspective vieW of an embodiment of a device 59 
according to the present invention attached to an apparatus 
60 that include heating means, vacuum means, and position 
altering means. FIG. 9 illustrates the interior passage 61 
through to Which a vacuum is applied to pick up and retain 
the component. The apparatus illustrated in FIG. 9 includes 
tWo eXhaust ports 63 through Which nitrogen gas may eXit to 
be directed toWard the component as it is being heated and 
attached to a substrate, as described above. 

[0069] As seen from the side in FIG. 10, the apparatus 
may include a source of positive voltage 65 to supply to 
create heat to be applied to the device 59. The apparatus may 
include a source of negative voltage 67 to complete the 
heating supply circuit. 

[0070] To monitor the temperature of the heat source, the 
apparatus may include at least one thermocouple. Thermo 
couples may be connected to a controller and/or display 
through Wires 69. 

[0071] To control movement of the apparatus 60 and 
attached device 59, the system may include an X-y compliant 
gimbal 71 and a Z-compliant spring 73. 

[0072] The heated vacuum tip 75 of the device 59 is shoWn 
extending doWnWardly from the apparatus in FIG. 10. 

[0073] FIG. 11 shoWs a perspective vieW of the top of the 
apparatus 60 shoWn in FIGS. 9 and 10. In FIG. 11 can be 
seen a vacuum eXit 77, Where a vacuum source could be 

connected. FIG. 11 also illustrates a port 79 Where a 
nitrogen source may be connected. Thermocouple Wires 
may eXit the apparatus 60 at thermocouple outputs 81. The 
positive and negative voltages for generating the heat to be 
introduced into the component may be connected to a poWer 
source at connections 83. Movement of the apparatus 60, 
such as in the Z-aXis and gymbal locking, may be controlled 
by compressed air introduced at ports 85. FIG. 11 also 
illustrates an interface plate 87 Where the apparatus 60 may 
interface With a robot for moving the apparatus and attached 
device 59 and picked up component. 

[0074] A system according to the present invention may 
also include means for verifying alignment of a device to be 
attached to a substrate and the device pick-up and vacuum 
head. As shoWn in FIG. 6, the veri?cation, or registration 
apparatus may include a machine vision tool 44 for visually 
determining the relative positions of the component 41 and 
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the device pick-up and vacuum head 37. The machine vision 
tool could include a camera. In fact, several component 
positioning systems are knoWn in the art. According to one 
embodiment, knoWn as a “split optics” positioning system, 
the machine vision tool includes a prism and a camera in 
Which the solder bump array of the component is superim 
posed over an image of the site on the substrate. 

[0075] FIG. 6 shoWs a component acquired by an appa 
ratus according to the present invention positioned over an 
upWard-pointing camera. The machine vision tool locates 
the eXact location of the component for high accuracy 
placement onto a desired site 45, identi?ed in FIG. 7, on the 
substrate. 

[0076] FIG. 8 illustrates an isolated vieW of an embodi 
ment of the present invention With a component to be 
attached to a substrate arranged over a vision system 44. As 
shoWn in FIG. 8, the apparatus according to the invention 
may be attached to a robot manipulator 46 for altering the 
position of the apparatus in the X, y, and Z directions. 

[0077] FIG. 8 also illustrates other elements that may be 
interconnected With the vision system 44 and the apparatus 
of the invention. For eXample, the system shoWn in FIG. 8 
includes a pair of lights 47 for providing increased and more 
uniform illumination of the component 41. The robot 
manipulator 46, the vision system 44, and the lights may be 
interconnected With a Workcell controller 49. The Workcell 
controller 49 may help to coordinate and control movement 
of the component 41 and the sensing and position determi 
nation of the component. 

[0078] Additionally, a system according to the present 
invention may include a display monitor 51 for displaying 
an image of the sensed component 41 as Well as position and 
other data. The monitor 51 may be connected to the Workcell 
controller 49. Furthermore, the system may include an 
image processor 53 for receiving the image of the compo 
nent 41 and processing it. The image processor 53 may be 
connected to the monitor 51 as Well as the Workcell con 
troller 49 for receiving image information and processing 
and/or transmitting the data to the monitor. 

[0079] To facilitate recognition of the component and its 
arrangement the system and to help arrange the component 
on a substrate, the present invention may include a compo 
nent database 55. The component data base may include 
sensed images of components that the present invention may 
be utiliZed With. The component data base 55 may be 
connected to the Workcell controller 49 as illustrated in FIG. 
8. After the component is sensed by the vision system 44, the 
data representing the component may be compared to rep 
resentations in the component database. 

[0080] To input and control the elements of the system, the 
system may include a keyboard 57. The keyboard 57 may be 
connected to the Workcell controller 49. 

[0081] A system according to the present invention may 
also include a support for supporting a circuit board or other 
substrate that the electronic component or device is to be 
attached to. Once the pick-up and vacuum head has engaged 
a device and, if necessary, alignment of the device and 
device pick-up and vacuum head has been veri?ed, the 
device pick-up and vacuum head may be arranged over a 
desired site 45 on the substrate. The device pick-up and 
vacuum head may then be loWered onto the site 45. The heat 
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is transmitted through the device pick-up and vacuum head 
into the device and into the solder balls of the BGA. 

[0082] As soon as the device is removed from the feed tray 
39, heating of the device pick-up and vacuum head and 
hence, the device, may begin. 

[0083] According to one example, the solder balls of the 
pBGA are 63% tin, 37% lead. The composition of the solder 
balls may be important since the balls may not act as a 
standoff for the device. The standoffs discussed above may 
ensure that the balls are not compressed upon placement on 
the substrate. 

[0084] The present invention also includes a method of 
attaching an electronic device to and/or removing an elec 
tronic device from a substrate. The method includes con 
tacting the electronic device With a device for conductively 
applying heat to the electronic device and picking up the 
electronic device. Solder for attaching the electronic device 
to the substrate is heated to the re?oW temperature of the 
solder by applying heat to the device for conductively 
applying heat. 

[0085] The method may also include the providing an 
apparatus and/or a system as described above. Once the 
electronic device is arranged on the appropriate location a 
substrate and the electronic device and solder raised to an 
appropriate temperature, the vacuum may be interrupted and 
the pick-up and vacuum head disengaged from the electronic 
device. 

[0086] According to the present invention, heat may be 
applied to the electronic device and hence, the pBGA 
sufficient to raise the temperature of the solder to its re?oW 
temperature. According to typical embodiments, this tem 
perature is from about 183° C. to about 350° C. The device 
pick-up and vacuum head, electronic device, and BGA may 
reach the solder re?oW temperature in from about 5 seconds 
to about 30 seconds. 

[0087] The positioning of the electronic device on the 
substrate may be veri?ed after connection to the substrate. 

[0088] The foregoing description of the invention illus 
trates and describes the present invention. Additionally, the 
disclosure shoWs and describes only the preferred embodi 
ments of the invention, but as aforementioned, it is to be 
understood that the invention is capable of use in various 
other combinations, modi?cations, and environments and is 
capable of changes or modi?cations Within the scope of the 
inventive concept as expressed herein, commensurate With 
the above teachings, and/or the skill or knoWledge of the 
relevant art. The embodiments described hereinabove are 
further intended to explain best modes knoWn of practicing 
the invention and to enable others skilled in the art to utiliZe 
the invention in such, or other, embodiments and With the 
various modi?cations required by the particular applications 
or uses of the invention. Accordingly, the description is not 
intended to limit the invention to the form disclosed herein. 
Also, it is intended that the appended claims be construed to 
include alternative embodiments. 

We claim: 

1. An apparatus for attaching an electronic device to and 
removing an electronic device from a substrate, the device 
comprising: 
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an electronic device pick-up and vacuum head for apply 
ing a vacuum source to the electronic device for 

engaging, picking up and retaining the electronic 
device, Wherein heat is transmitted by conduction 
through the structure of the device pick-up and vacuum 
head to the electronic device and solder for securing the 
electronic device on the substrate to heat the solder to 
its re?oW temperature, the pick-up and vacuum head 
including an electronic device engaging portion, a 
vacuum port, and a heat source engaging portion. 

2. The apparatus according to claim 1, further comprising: 

a resistive heating element interconnected With the heat 
source engaging portion of the pick-up and vacuum 
head for applying heat to the vacuum head and the 
electronic device. 

3. The apparatus according to claim 2, Wherein the 
vacuum port includes a tubular section extending from the 
electronic device engaging portion. 

4. The apparatus according to claim 3, Wherein the heat 
source engaging portion includes a threaded section on a 
surface of the vacuum port. 

5. The apparatus according to claim 1, further comprising: 

at least one stand-off for controlling spacing betWeen the 
electronic device and the substrate. 

6. The apparatus according to claim 5, Wherein the at least 
one stand-off is also for controlling spacing betWeen elec 
tronic devices on the substrate. 

7. The apparatus according to claim 5, including four 
stand-off posts arranged in a square attached to the electronic 
device engaging portion, the posts engaging a surface of the 
substrate that the electronic device is to be attached to. 

8. The apparatus according to claim 1, Wherein the 
substrate engaging portion includes a loWer surface that 
engages the electronic device, the loWer surface having a 
shape substantially similar to a shape of a perimeter of the 
electronic device. 

9. The apparatus according to claim 1, further comprising: 

at least one gas port for permitting gasses generated 
during removal and attaching of the electronic device to 
escape. 

10. The apparatus according to claim 1, Wherein the heat 
source is integral With the pick-up and vacuum head. 

11. A system for attaching an electronic device to and 
removing an electronic device from a substrate, the system 
comprising: 

an electronic device pick-up and vacuum head for apply 
ing a vacuum source to the electronic device for 
engaging, picking up and retaining the electronic 
device, Wherein heat is transmitted by conduction 
through the structure of the device pick-up and vacuum 
head to the electronic device and solder for securing the 
electronic device on the substrate, the pick-up and 
vacuum head including an electronic device engaging 
portion, a vacuum port, and a heat source engaging 
portion; 

a vacuum source connected to the vacuum port; and 

a heat source connected to the heat source engaging 
portion. 
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12. The system according to claim 11, further comprising: 

a camera for ensuring alignment of the electronic device 
on the device pick-up and vacuum head and alignment 
of the electronic device on the substrate. 

13. The system according to claim 11, further comprising: 

a component feed tray for aligning electronic devices With 
the device pick-up and vacuum head. 

14. The system according to claim 11, Wherein the heat 
source is a resistive heating element interconnected With the 
heat source engaging portion for applying heat to the 
vacuum head and the electronic device. 

15. The system according to claim 14, Wherein the 
vacuum port includes a tubular section extending from the 
electronic device engaging portion. 

16. The system according to claim 15, Wherein the heat 
source engaging portion includes a threaded section on a 
surface of the vacuum port. 

17. The system according to claim 11, further comprising: 

at least one stand-off for controlling spacing betWeen the 
electronic device and the substrate. 

18. The system according to claim 17, Wherein the at least 
one stand-off is also for controlling spacing betWeen elec 
tronic devices on the substrate. 

19. The system according to claim 17, including four 
stand-off posts arranged in a square attached to the electronic 
device engaging portion, the posts engaging a surface of the 
substrate that the electronic device is to be attached to. 

20. The system according to claim 11, Wherein the sub 
strate engaging portion includes a loWer surface that engages 
the electronic device, the loWer surface having a shape 
substantially similar to a shape of a perimeter of the elec 
tronic device. 

21. The system according to claim 11, further comprising: 

at least one gas port for permitting gasses generated 
during removal and attaching of the electronic device to 
escape. 

22. The system according to claim 11, Wherein the heat 
source is integral With the pick-up and vacuum head. 

23. A method for attaching an electronic device to and 
removing an electronic device from a substrate, the method 
comprising the steps of: 

contacting an electronic device With a device for conduc 
tively applying heat to the electronic device and pick 
ing up the electronic device; and 

heating solder for attaching the electronic device to the 
substrate to the re?oW temperature of the solder by 
applying heat to the device for conductively applying 
heat. 

24. The method according to claim 23, further comprising 
the steps of: 

providing an electronic device pick-up and vacuum head 
for applying a vacuum source to the electronic device 
for engaging, picking up and retaining the electronic 
device, Wherein heat is transmitted by conduction 
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through the structure of the electronic device pick-up 
and vacuum head to the electronic device and solder for 
securing the electronic device on the substrate to heat 
the solder to its re?oW temperature, the pick-up and 
vacuum head including an electronic device engaging 
portion, a vacuum port engaged With a vacuum source, 
and a heat source engaging portion engaged With a heat 
source. 

25. The method according to claim 23, Wherein the 
electronic device is being removed from the substrate, the 
method further comprising the steps of: 

applying the vacuum to the electronic device through the 
pick-up and vacuum head; and 

applying an upWard force to the pick-up and vacuum head 
to lift the electronic device off of the substrate. 

26. The method according to claim 23, Wherein the 
electronic device is being attached to the substrate, the 
method further comprising the steps of: 

applying the vacuum to the electronic device after con 
tacting the electronic device With the pick-up and 
vacuum head and prior to applying heat to the pick-up 
and vacuum head; 

arranging the electronic device over a location on the 
substrate Where the electronic device is to be attached; 

contacting the electronic device With the substrate; 

interrupting the vacuum; and 

disengaging the pick-up and vacuum head from the elec 
tronic device. 

27. The method according to claim 23, Wherein the 
electronic device is attached to the substrate utiliZing a 
micro ball grid array. 

28. The method according to claim 23, Wherein the 
electronic device is a chip or a chip support and the substrate 
is a circuit board or a circuit card. 

29. The method according to claim 23, Wherein the heat 
is applied sufficient to raise the temperature of the solder to 
from about 183° C. to about 350° C. 

30. The method according to claim 23, Wherein the heat 
is applied such that the solder reaches the re?oW temperature 
in about 5 seconds to about 30 seconds. 

31. The method according to claim 26, further comprising 
the step of: 

verifying a position of the electronic device relative to the 
pick-up and vacuum head prior to contacting the sub 
strate With the electronic device. 

32. The method according to claim 23, further comprising 
the step of: 

verifying a position of the pick-up and vacuum head 
relative to the electronic device prior to contacting the 
electronic device With the pick-up and vacuum head. 


