woO 2011/126841 A2 [ 10KV OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2011/126841 A2

(19) World Intellectual Property Organization /’@?‘?’3\
International Bureau v{ 0
Al
(43) International Publication Date \'{_5___,/
13 October 2011 (13.10.2011) PCT
(51) International Patent Classification:
HO5K 9/00 (2006.01)
(21) International Application Number:
PCT/US2011/030340
(22) International Filing Date:
29 March 2011 (29.03.2011)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
12/750,450 30 March 2010 (30.03.2010) US
(71) Applicant (for all designated States except US): FLEX-
TRONICS AP, LLC [US/US]; 305 Interlocken Parkway,
Broomfiled, Colorado 80021 (US).
(72) Inventors; and
(75) Inventors/Applicants (for US only): CHEUNG, Dason

[US/US]; 4623 Rousillon Avenue, Fremont, California
94555 (US). AVELAR, Enrique [MX/MX]; Africa
#2036, Colonia Magana, 4481930 Guadalajara, Jalisco
(MX). LOPEZ, Omar Garcia [MX/MX]; Juan Sebastian
el Cano #2646, 44930 Guadalajara, Jalisco (MX). SOTE-
LO, Simon Medina [MX/MX]; Vista del Ocaso #29,
45010 Zapopan, Jalisco (MX).

(74) Agent: MARSH FISCHMANN & BREYFOGLE LLP;
Jon P. DEPPE, 8055 East Tufts Avenue, Suite 450, Den-
ver, Colorado 80237 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: UNIVERSAL RADIO FREQUENCY SHIELD REMOVAL

}0
o114 H4~0
14 114—~—o
o~ 2 jy—~0
N o~ 3~ ﬁ 116
o—~~114 14—~o

(57) Abstract: Apparatus and methods for removing com-
ponents soldered to a printed circuit board (PCB). Embodi-
ments presented generally include a contact plate having a
component specific platform offset from the contact plate
body. The offset platform may be substantially identical in
size and shape as the component to be removed. Accord-
ingly, contact between a heated platform and component
may allow for conductive heating to occur based on contact
with the component. Thus, forced air or convective heating
of the component does not occur such that solder joint de-
fects in adjacent components may be prevented. A vacuum
retention port may be provided at an interface of the plat-
form and component when in contact. The vacuum reten-
tion port may allow the freed component to be removed
from the PCB using vacuum to hold the freed component to
the platform. Also, apparatus for automation of a process
according to the forgoing are presented.

116



WO 2011/126841 A2 I 0000 ) A0 A0 A

Published:

—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



10

15

20

25

WO 2011/126841 PCT/US2011/030340
ATTORNEY DOCKET NO: 50224-01012

PCT

UNIVERSAL RADIO FREQUENCY SHIELD REMOVAL

RELATED APPLICATIONS

This application claims priority to U.S. Patent Application Serial No. 12/750,450, filed
March 30, 2010, entitled "UNIVERSAL RADIO FREQUENCY SHIELD REMOVAL", the entirety
of which is hereby incorporated by reference.

BACKGROUND

When assembling electronic devices, it is common to solder components to a printed
circuit board (PCB) to attach components to the PCB. The soldering of components not only
attaches the components to the PCB but may also be used to establish an electrical connection
between the PCB and an electronic component. In this regard, both electrically coupled as well
as non-electrically coupled components may be soldered to the PCB in order to maintain a
position on the PCB.

Often components to be affixed to a PCB are positioned adjacent to the PCB with solder
being positioned between the component and PCB. The assembly may then be heated such
that the solder melts. When cooled, the solder may in turn solidify and attach the component to
the PCB. This process of melting solder to affix a component to a PCB is commonly referred to
as reflow.

During the assembly process of electronic devices, various tests may be conducted to
determine whether the components that have been attached to the PCB are operative and
properly attached. Examples of processes that may be conducted on a PCB to determine
correct placement, attachment, and operation of components include function node testing and
x-ray inspection. Based on the results of these tests, it may be necessary to remove
components from the PCB due to a faulty attachment or other detected process defects. The
removal of components may be necessary in order to replace a malfunctioning component,

reattach a component, or access other components on the PCB. This process may be
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commonly referred to as rework.

For example, many PCBs include electro-magnetic (e.g., radio-frequency (RF)) shields
that cover other components attached to the PCBs. Particularly in the field of electrical
communication devices, RF shields may be employed to protect sensitive components from
interference from RF energy. In this respect, many sensitive components may be located below
an RF shield that is in turn attached to a PCB. Therefore, if one of the components contained
under the RF shield needs to be removed or the RF shield itself needs replaced, the RF shield
may need to be removed.

Existing methods for removal of RF shields often involve heating the RF shield with
forced hot air to melt the solder attachment of the RF shield to the PCB. However, due to the
difficulty in controlling a forced hot air process, directing the flow of hot air, the forced hot air
heating of the RF shield may also create problems with other components and their solder
joints. For example, the direction of the forced hot air may be difficult to control. As such, the
forced hot air may be directed to portions of the PCB that are not to be reworked. Furthermore,
the amount of heat transferred to the PCB is difficult to control in a forced hot air process. The
temperature of the air existing the forced hot air source may be difficult to regulate and the
amount of heat transferred may depend on many variables such as the temperature of the air
existing the source, the distance of the source from the component, the flow rate of air existing
the source, and other factors that may be variable and be difficult to control. The use of forced
hot air may cause unintended reflow of adjacent components and may lead to solder joint
defects in these adjacent components. These defects may occur to components adjacent to the
RF shield that are not to be removed from the PCB. Examples include causing unintended
reflow, delamination, plate lifting, wetting problems, dewetting problems, and other potential
defects in components adjacent to the RF shield that has been heated with forced hot air.
These defects may occur for components adjacent to the RF shield or components contained

underneath the RF shield.
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In addition to the potential for solder joint defects when using forced hot air to remove an
RF shield, the process may be tedious and require a relatively long cycle time to remove the RF
shield. The process generally involves an operator manipulating a forced hot air gun in order to
heat the RF shield. The operator may be required to take great care to diminish the potential for
solder joint defects in adjacent components. As such, the cycle time may be relatively long for
each RF shield that needs to be removed. For instance, the cycle time for removing an RF
shield with forced hot air heating may take between six to eight minutes and may require highly
trained, certificated operators to operate the machine to reduce the potential for solder joint
defects. Additionally, the equipment costs for the equipment necessary to perform forced hot air
RF shield removal may be high.

Further still, once the RF shield has been heated by forced hot air heating, it is still
necessary to remove the RF shield from the PCB. Existing methods for removal of an RF shield
once heated by forced hot air heating include vacuum pick up and removing the RF shield
manually by grasping (e.g., with tweezers). In this regard, the removal the RF shield once
heated may be tedious and require high skill in order to prevent damage to the remainder the
PCB when removing the RF shield with tweezers as adjacent components may also be heated
such that they are susceptible to being damaged when manipulating portions of the PCB with

tweezers.

SUMMARY
A first aspect of the present invention includes an apparatus for removing a component
attached to a printed circuit board (PCB) from the PCB. The apparatus includes a heating
element, a contact plate in thermal communication with the heating element, and a vacuum
retention port extending through the contact plate and operative to selectively communicate with
a vacuum source. The contact plate is contactable with the component such that when the

contact plate is in contact with the component the heating element heats the component and the
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vacuum retention port is covered by the component.

A number of feature refinements and additional features are applicable to the first
aspect. These feature refinements and additional features may be used individually or in any
combination. As such, each of the following features that will be discussed may be, but are not
required to be, used with any other feature or combination of features of the first aspect.

For instance, the component may be an electro-magnetic shield operative to protect
components on the PCB from electro-magnetic interference. In one embodiment, the
component may be a radio-frequency (RF) shield operative to protect components on the PCB
from radio-frequency (RF) interference.

In another embodiment, the heating element may include a vacuum port in
communication with the vacuum retention port. The contact plate may be removably attachable
to the heating element and may include a platform extending from the contact plate. The
platform may have a substantially identical profile as the component. In this regard, only the
platform may contact the component when the contact plate is in contact with the component.
The vacuum retention port may terminate at an interface between the platform and the
component when the contact plate is in contact with the component.

In one embodiment, the contact plate may be chosen from among a plurality of contact
plates and the plurality of contact plates may include different platforms having different profiles
for different components to be removed from the PCB. The contact plate may be clamped to
the heating element using at least one clamping mechanism.

The apparatus may also include a temperature controller operative to control the heating
element to maintain a predetermined temperature of the contact plate. Additionally, the
apparatus may include a vacuum controller operative to control a vacuum at the vacuum
retention port to selectively establish a vacuum at the vacuum retention port. In another
embodiment, the apparatus includes a PCB holder operative to hold the PCB stationary when

the contact plate is in contact with the component.
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A second aspect of the present invention includes an automated system for removing a
component attached to a printed circuit board (PCB) from the PCB. The system includes a
heating element, a contact plate removably attached to the heating element and in thermal
communication with the heating element, and a vacuum retention port extending through the
contact plate and in selective communication with a vacuum source such that a vacuum is
selectively established at the vacuum retention port. Furthermore, the system includes an
actuator engaged with the heating element and operative to move the contact plate with respect
to the PCB between a non-contacting position and a contacting position. When in the
contacting position the contact plate contacts the component and the vacuum retention port is
located at an interface between the contact plate and the component and the component covers
the vacuum retention port. The system also includes a PCB holder operative to retain the PCB.
When in the contacting position the contact plate heats the component and the vacuum is
maintained at the vacuum retention port, such that when the contact plate is moved to the non-
contacting position the component is held against the contact plate by the vacuum and removed
from the PCB.

A number of feature refinements and additional features are applicable to the second
aspect. These feature refinements and additional features may be used individually or in any
combination. As such, each of the following features that will be discussed may be, but are not
required to be, used with any other feature or combination of features of the second aspect.

In one embodiment, the system may also include a controller operative to control the
heating element to maintain a predetermined temperature at the contact plate, control the
vacuum source such that vacuum may be selectively established at the vacuum retention port,
and control the actuator to position the contact plate between the non-contacting position and
the contacting position. Additionally, the system may include a slide to which the PCB holder is
attached. The slide may be operative to move with respect to the contact plate from a loading

position to a work position. When in the loading position, the PCB holder may be accessible by
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an operator such that a PCB may be loaded onto the PCB holder. When in the work position,
the PCB may be aligned with the contact plate such that actuation of the actuator results in
placement of the contact plate in the contacting position.

In one embodiment, the controller may be operative to control the actuator, in response
to movement of the slide to the work position, to position the contact plate from the non-
contacting position to the contacting position, maintain the contact plate in the contacting
position for a predetermined amount of time, and after the predetermined amount of time, move
the contacting plate to the non-contacting position while controlling the vacuum source to
establish a vacuum at the vacuum retention port.

Additionally, the system may include a component disposal drawer operative to move
with respect to the contact plate from a closed position to an open position. When the
component disposal drawer is in the open position, upon termination of the vacuum at the
vacuum retention port, the component may separate from the contact plate and may be
disposed within the component disposal drawer.

A third aspect of the present invention includes a method for removing a component
attached to a PCB from the PCB. The method involves contacting the component with a
contact plate in thermal communication with a heating element such that a vacuum retention
port extending through the contact plate is covered by the component, melting solder attaching
the component to the PCB in response to the contacting, creating a vacuum at the vacuum
retention port such that the component is held against the contact plate by the vacuum, and
moving the contact plate with respect to the PCB during the creating such that the component is
retained on the contact plate and removed from the PCB.

A number of feature refinements and additional features are applicable to the third
aspect. These feature refinements and additional features may be used individually or in any
combination. As such, each of the following features that will be discussed may be, but are not

required to be, used with any other feature or combination of features of the third aspect.
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In one embodiment, the component may be an electro-magnetic shied. For example,
the electro-magnetic shield may be a radio-frequency (RF) shield.

In another embodiment, the contact plate may be a customized removable plate having
a platform corresponding to a profile of the component. Only the platform may contact the
component when the contact plate is in contact with the component. The method may further
include selecting a contact plate from a plurality of different contact plates. Additionally, the
method may involve removably attaching the contact plate to the heating element. The
removably attaching may includes clamping the contact plate to the heating element using a
quick release mechanism.

A fourth aspect of the present invention includes an apparatus for removing a
component attached to a printed circuit board (PCB) from the PCB. The apparatus includes a
heating element and a contact plate in thermal communication with the heating element. The
contact plate is operative to contact only the component such that the contact plate contacts
substantially all of an exposed area of the component such that heat is conducted directly from
the contact plate to the component.

A number of feature refinements and additional features are applicable to the fourth
aspect. These feature refinements and additional features may be used individually or in any
combination. As such, each of the following features that will be discussed may be, but are not
required to be, used with any other feature or combination of features of the fourth aspect.

For instance, in one embodiment, the contact plate may include a platform extending
from the contact plate that has a substantially identical profile as the component. Additionally,
the platform may include a vacuum retention port extending through the contact plate. The
vacuum retention port may be operative to selectively communicate with a vacuum source such
that the vacuum retention port is covered by the component when the platform contacts the

component.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view of a heating element assembly.

Figure 2 is an exploded perspective view of a heating element assembly and contact
plate assembly.

Figure 3 is an alternative embodiment of a heating element assembly.

Figures 4A-4B include a front side view and back side view of a contact plate.

Figure 5 is a cutaway perspective view of a heating element and contact plate assembly
in an assembled state.

Figures 6A-6C are cross-sectional views of a heating element assembly and attached
contact plate assembly and a PCB from which a component is to be removed.

Figure 7A-7B are perspective views of one embodiment of an apparatus for removal of a
component from a PCB.

Figure 8 is a perspective view of another embodiment of a system for removal of a
component from a PCB.

Figure 9 is a front elevation view of the system shown in Figure 8.

Figures 10A-10B are section views taken along section line 10 in Figure 9 showing a
PCB holder in a work position and loading position, respectively.

Figure 11 is a perspective view of a PCB holder that may be used in the system depicted
in Figure 8.

DETAILED DESCRIPTION

While the invention is susceptible to various modifications and alternative forms, specific
embodiments thereof have been shown by way of example in the drawings and are herein
described in detail. It should be understood, however, that it is not intended to limit the
invention to the particular form disclosed, but rather, the invention is to cover all modifications,
equivalents, and alternatives falling within the scope and spirit of the invention as defined by the

claims.
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The embodiments described herein generally include apparatus and methods that may
be utilized to remove a component from a PCB. The component to be removed may be any
component attached to the PCB by way of a solder connection. Examples include integrated
circuit devices and the like. In one embodiment, the component to be removed is an electro-
magnetic shield used to protect components on the PCB from electro-magnetic energy. For
instance, the component may be a radio-frequency (RF) shield that may or may not be covering
additional components.

The component to be removed may be affixed to the PCB by way of a solder connection
such that upon melting of the solder comprising the solder connection, the component may be
removed from the PCB without damaging the component or the PCB. To accomplish melting of
the solder forming the solder connection between a component and a PCB, embodiments
disclosed herein may include a contact plate having a platform that may be of the same profile
as the component to be removed. In this regard, the contact plate may be brought into contact
with the component such that only the component is contacted by the platform of the contact
plate. As the platform of the contact plate may be of the same profile as the component, the
component to be removed may be the only portion of the PCB contacted by the contact plate.
That is, the component, when attached to the PCB may have an exposed area that is contacted
by the contact plate. The exposed area of the component may correspond to the component's
footprint or profile on the PCB. The contact plate may be adapted to contact substantially all of
the component's exposed area without contacting any other component of the PCB or the PCB
itself. In this regard, heat may be transferred directly to the component by conductive heat
transfer at the point of contact. This may prevent or alleviate the problem of heat being
transferred into other components which are not to be removed from the PCB. Thus, the
embodiments presented herein may facilitate prevention of solder joint defects in adjacent
components to the component that is to be removed.

In addition to providing a contact plate having a platform matching the profile of a
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component to be removed, embodiments presented below may include a vacuum retention port
that terminates at an interface between a platform and a component when in contact with each
other. The vacuum retention port may allow for a component freed from the PCB (i.e., after
having the solder connection melted) to be retained on the platform which is in contact with the
component. Thus, the contact plate may be moved with respect to the PCB such that the
component remains held against the platform such that as the contact plate is moved away from
the PCB the component remains held against the platform. That is, the freed component may
be retained on the platform and effectively removed from the PCB.

With respect to Figures 1 and 2, a heating element assembly 100 and a contact plate
assembly 200 are shown. The heating element assembly 100 may generally include a heating
element body 110. At least one heating element 112 may be disposed within the heating
element body 110. In the embodiment depicted in Figure 1, two heating elements 112 are
disposed within the heating element body 110. The heating element body 110 may conduct
heat throughout the heating element body 110 such that substantially the entire body of the
heating element body 110 is heated to approximately the same temperature. The heating
elements may be any type of heating element known in the art (e.g., any type of electrical
heating element). In one embodiment, the heating elements 112 may be resistive electric
heaters. The heating elements may be controlled by a temperature controller such that a
predefined temperature of the heating element body is maintained. The control of the
temperature may be automated or rely on manual control by an operator.

The heating element body 110 also may include structures or features that allow a
contact plate 210 of the contact plate assembly 210 to be attached to the heating element.
These structures and features may include fasteners, sliding connections, clamping
connections, interference connections, or other known means of attachment. As explained
below it may be advantageous to allow for removal of the contact plate 210 from the heating

element body 110. In one embodiment, the heating element body 110 includes attachment
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holes 114 that may be used to attach the contact plate 210 as will be described below.

The heating element body 110 may also include a vacuum port 120 that may extend
through the heating element body 110. The vacuum port 120 may terminates at a face 122 of
the heating element body 110. The face 122 of the heating element body may be adjacent to
the contact plate 210 such that when the contact plate 210 is attached to the heating element
body 110, the contact plate 210 may contact the face 122. In this regard, the vacuum port 120
may terminate at an interface between the heating element body 110 and the contact plate 210
when attached. The face 122 of the heating element body 110 & face 250 of the contact plate
210 may be flush with one another when in contact. As such, either or both of the faces 122 or
250 may include an appropriate surface finish or texture to avoid vacuum loss when a vacuum
is introduced as will be further discussed below.

The heating element body 110 may further include insulators 116. In one embodiment,
the insulators 116 may be ceramic insulators. In this regard, the heating element body 110 may
be attached to a housing body or other support without transferring a substantial amount of heat
to other parts of a device incorporating the heating element body 110. In other words, insulating
material may be provided on the heating element body 110 to thermally isolate the heating
element body 110 from other portions of a device.

The contact plate 210 may include attachment features corresponding to the attachment
features of the heating element body 110. In the embodiment depicted in Figure 2, the contact
plate 210 may include through holes 214 that may correspond to and be aligned with the
attachment holes 114 provided in the heating element body 110. The contact plate assembly
200 may also include fasteners 212 that extend through the through holes 214 and engage the
attachment holes 114. For instance, the fasteners 212 may include bolts that extend through
the through holes 214 and thread into threaded attachment holes 114. In this regard, the
contact plate 210 may be affixed to the heating element body 110. The heating element body

110 may include guide pins 132 that may be disposed in alignment hoes 130 that correspond
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with alignment holes located on the contact plate 210 to assist in alignment of the contact plate
210 with the heating element body 110 to facilitate prevention of misalignments or inverted
plates.

In an alternative embodiment depicted in Figure 3, one or more clamping mechanisms
300 may be attached to a heating element body 110. In this embodiment, the clamping
mechanisms 300 may be operative to clamp the contact plate 210 to the heating element body
110. In this regard, the attachment and detachment of the contact plate 210 to the heating
element body 210 may be simplified such that contact plate changes may occur more quickly
and be easier for an operator to accomplish. The clamping mechanism 300 may be attached to
the heating element body 110 by attachment bolts 310. A clamp end 302 may be provided at
the end of a clamping rod 304. The clamping rod 304 may be affixed at the other end to a cam
308 that may be actuated with a lever arm. Upon actuation of the cam 308 with the lever arm,
the clamping rod 304, along with the clamp end 302 may be drawn toward the heating element
body 110 such that the contact plate 210 disposed between the clamp end 302 and the heating
element body 110 may be held in place against the heating element body 110. An adjustment
nut 312 may be provided at an end of the clamping rod 304 to adjust the location of the clamp
end 302 to produce different amounts of clamping force on the contact plate 210.

When the heating element body 110 and the contact plate 210 have been attached, the
vacuum port 120 defined in the heating element body 110 may be brought into communication
with a vacuum retention port 220 that extends through the contact plate 210. As such, a
vacuum exposed to the vacuum port 120 in the heating element body 110 may in turn be
communicated to the vacuum retention port 220 as will be described further below.

In any regard, the contact plate 210 may be attached to the heating element body 110
such that the contact plate 210 is also heated by the heating element 112. The contact plate
210 may also include a platform 222 defined by platform sidewalls 224 that extend away from

the contact plate 210 in a direction opposite from the heating element body 110. In this regard,
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the platform 222 may extend from the contact plate 210 such that the platform 222 is offset from
the remainder of the contact plate In one embodiment, the offset of the platform 222 may be
proportional to the highest component on the board that is to be reworked. In this regard, when
the platform 222 contacts the component, the remainder of the contact plate 210 may be free
from contact with the remainder (e.g., the highest component) of the PCB. The platform 222
may have a profile that corresponds to a component which is to be removed from the PCB.
That is, the platform 222 may have a substantially identical outline or shape as a component
which is to be removed such that when the contact plate 210 is brought in to contact with a
component, the platform 222 may be the only portion of the contact plate 210 touching the
component or any other portion of the PCB. As such, heat may be transferred by conducting
heat directly to the component. As such, heat transferred into the component may be
transferred directly to the component without a substantial amount of heat being directed to
other components on the PCB adjacent to the component to be removed.

Furthermore, when the platform 222 is in contact with a component, a vacuum retention
port 220 may be covered by the component. Accordingly, a vacuum produced at the vacuum
retention port 220 while the platform 222 is in contact with a component may allow the
component to be held against the platform 222. That is, the contact between the platform 222
and component may form a seal that allows a vacuum to act on the component at the vacuum
retention port 220 to retain the component thereon by virtue of the vacuum holding the
component to the platform 222.

Front and rear perspective views of the contact plate 210 are shown in Figure 4A and 4B
respectively. In these front and rear perspective views, the vacuum retention port 220 as well
as a channel 226 can be seen. The front view of the contact plate 210 in Figure 4A includes a
termination of the vacuum retention port 220 on the platform 222. The contact plate 210 may
also include a channel 226 defined in the contact plate 210 for vacuum distribution. In this

regard, the channel 226 may extend between the vacuum port 120 of the heating body 110 and
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the vacuum retention port 220 when the contact plate 210 is attached to the heating element
body 110.

It may be advantageous to facilitate removal of components attached to a PCB that are
at different locations on the PCB. Thus, contact plate bodies having platforms of different
profiles at different locations may be selectively attached to the heating element body 110
based on the component to be removed. In this regard, the vacuum port 120 may be located on
the heating element body 110 at a central location on the heating body 110. The channel 226
may be defined in the contact plate 210 in order to provide a passage between the vacuum port
120 on the heating element body 110 to a vacuum retention port 220 that is offset from the
vacuum port 120. As removal of components at different locations and of different sizes on the
PCB may be facilitated, different contact plates may be provided such that the platform 222 and
vacuum retention port 220 may be at different relative locations on the contact plate 210 and the
heating element body, respectively. The different platforms may also have different profiles for
different components to be removed. The vacuum retention port 220 may be offset from the
vacuum port 120, such that the channel 226 defined by the contact plate 210 may be provided
in the contact plate 210 to link the vacuum retention port 220 and the vacuum port 120. In this
regard, the channel 226 may provide for communication between the vacuum retention port 220
and the vacuum port 120.

As further shown in the cutaway perspective view in Figure 5, the channel 226 may be
defined in the contact plate 210 between the vacuum port 120 and the vacuum retention port
220. When the contact plate 210 is attached to the heating element body 110, the channel 226
may be sealed such that there is little or no vacuum loss at the interface of the contact plate 210
and the heating element body 110. Furthermore, the heating element body 110 may include a
vacuum inlet 124 extending through the heating element body 110 that may provide
communication between the vacuum port 120 and a vacuum source. In this regard, a vacuum

applied at the vacuum inlet 124 may result in a vacuum being applied throughout the vacuum
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port 120, the channel 226 and the vacuum retention port 220 (collectively the vacuum path).

Figure 6A shows an end view of a PCB assembly 600 in contact with a contact plate
240. While the PCB assembly 600 is depicted as only having one component 620, it will be
understood that the PCB assembly 600 may further have additional components adjacent to or
under the component 620. Figure 6B is a cross section view taken along section line B-B in
Figure 6A. Figure 6C shows the cross section of Figure 6B once a component has been
removed from the PCB 610. The contact plate 240 may have a different profile platform 222
provided at a different location such that a different length and/or shaped channel 226 may be
provided based on a component 620 to be removed.

As may be appreciated in Figure 6B, the profile of the platform 242 may be similar to that
of the component 620 such that when the contact plate 240 contacts the component 620 only
the raised platform 222 contacts the component 620. In this regard, upon activation of the
heating element 112, heat may be conducted through the heating element body 110 as well as
the contact plate 240. As such, the platform 222 in contact with the component 620 may result
in heat being transferred directly by conduction to the component 620. As such, a solder
connection 612 attaching the component 620 to the PCB 610 may also be heated such that the
solder may be melted and the component 620 may be freed from the PCB.

Also, while the platform 222 is still in contact with the component 620, and the melting
point of the solder forming the attachment to the component has been reached, a vacuum may
be introduced at the vacuum inlet 124. In this regard, the vacuum may be communicated to the
vacuum path. As the vacuum retention port 220 may terminate adjacent to the component 620,
a vacuum at the vacuum retention port 220 may result in the component 620 being held against
the platform 222. The force acting on the component 620 urging it against the platform 222 may
be sufficient to overcome the surface tension from liquid solder. As such, the component 620
may be removed from the PCB 610.

In this regard, and as shown in Figure 6C, the PCB 610 and the contact plate 240 and
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be moved with respect to one another. In that the solder connection 612 between a component
620 and the PCB 610 may have been melted as a result of heat application to the component
620, relative movement between the PCB 610 and the contact plate assembly 200 may result in
the component 620 being removed from the PCB 610. This may be facilitated because a
vacuum at the vacuum retention port 220 may hold the component 620 to the platform 222 by
way of the vacuum acting on the component 620.

It will be understood that the PCB 610 may be moved away from the contact plate 240,
the contact plate 240 may be moved away from the PCB 610, or both. In any regard, relative
movement of the contact plate 240 and PCB 610 with vacuum pressure applied at the vacuum
retention port 220 and the solder connection 612 being melted by action of the heating element
112 may result in the component 620 being removed from the PCB 610. Thus a PCB assembly
600" may result, wherein the component has been removed from the PCB, yet all other
components remain without having been contacted by the contact plate 240.

As shown in Figures 7A-7B, a heating element assembly 100 and the contact plate
assembly 200 may be incorporated into a device 700 for removal of a component from a PCB.
Generally, a PCB 730 having a component to be removed attached thereto may be placed on
the device 700 such that the component be removed is in contact with the contact plate 210 and
specifically, the component may be in contact with the platform 222 of the contact plate 210 as
described with reference to Figures 6A-6C. The apparatus 700 may include a temperature
control module 710 that is operative to control the heating elements 112 disposed in the heating
element body 110. In this regard, a predetermined temperature may be established at the
heating element body 110 such that the heating element body 110 and the contact plate 210 are
maintained at the predetermined temperature. Alternatively, the heating elements 112 may be
activated once the PCB is in contact with the contact plate assembly 210, however doing so
may adversely impact cycle time.

Moreover, vacuum piping 722 may be provided between a vacuum source 720 and the
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heating element body 110. The vacuum piping 722 may be operative to link a vacuum inlet 124
(as shown in Figure 5) of the heating element body 110 to a vacuum source 720. As such, the
vacuum source 720 may be controlled to selectively create a vacuum at the vacuum inlet 124.
The vacuum source 720 may be controlled in any way that selectively establishes a vacuum at
the vacuum retention port 220 of the contact plate 210. For example, a control (e.g., a valve)
may be provided in the vacuum piping 722 or elsewhere in the vacuum path, or an external
control may be provided that allows for control over the creation of a vacuum at the vacuum inlet
124. In any regard, a vacuum is selectively established at the vacuum retention port such that a
component may be held against a platform 222 of the contact plate 210.

In this instance, insulation may be provided such that the heating element body 110
does not transfer a substantial amount of heat to the device chassis to prevent damaging the
chassis. Also, PCB supports 230 may be provided on the contact plate 210 to support the PCB
730 when in contact with the contact plate 210. The PCB supports 230 may also be insulating
such that the supports do not transfer heat from the contact plate 210 to the PCB 730.

When operating the device 700, an operator may position a PCB 730 with the
component to be removed facing the contact plate 210. The PCB 730 may rest on the PCB
supports 230 such that the component to be removed is aligned with and contacts the platform
222 of the contact plate 210. The heating element body 110 may be at a predetermined
temperature as regulated by the heating elements 112 such that the contact plate 210 and the
platform 222 are at the predetermined temperature. Upon contacting the component to the
platform 222, heat may be transferred to the component by conductive heating. This may result
in a solder attachment holding the component to the PCB to undergo a phase change and melt.
In this regard, the component may be freed from the PCB 730.

After a predetermined amount of time (e.g., enough time to ensure the solder attaching
the component has melted but not enough time to transfer a significant amount of heat to the

remainder of the PCB so as to prevent solder joint defects in adjacent components), a vacuum
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source 720 may be controlled such that a vacuum is introduced in the vacuum piping 722. In
this regard, low-pressure may be developed in the vacuum piping 722, the vacuum port 120,
channel 226, and the vacuum retention port to 220. In that the component may be in contact
with the platform 222 and may cover the vacuum retention port 220, vacuum introduced at the
vacuum retention port 220 may result in the component forming a seal with the platform 222 and
the component may be held against the platform 222 by way of the vacuum acting on the
component at the vacuum retention port 220. The PCB 730 may be lifted from the apparatus
700. Because the component may be free from the PCB 730 by virtue of the melting of the
attachment solder, the component may remain in place against the platform 222 due to the
vacuum interaction at the interface of the component and the platform 222 when the PCB 730 is
lifted from the device 700. Thus, the component may be removed from the PCB 730. The
vacuum source 720 may be controlled such that the vacuum present at the vacuum retention
port 220 may be terminated and the component may be released.

Figure 8 shows an alternative embodiment of a system 800 for removing a component
from a PCB. The system 800 generally operates in the same manner to free a component and
retain the component. That is, the system 800 may include a heating element assembly 100
and contact plate assembly 200 similar to those described above. Additionally, the system 800
may include an actuator 870 to which the heating element assembly 100 is attached. The
system 800 may also include a PCB holder 820 mounted to a sliding platform 830. The system
800 may have a temperature controller 840 as well as a timer 810 to facilitate control over the
system 800. A utility compartment 850 may be provided to house components of the system
800 that do not need to be regularly accessed by an operator. Examples of components house
din the utility compartment 850 may include a controller (e.g., a PLC logic controller), a vacuum
source or vacuum controller, power supplies, and other equipment such as pneumatic valves
and the like.

The actuator 870 to which the heating assembly 100 may be attached may be operative
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to move the heating element assembly 100 and contact plate assembly 200 with respect to a
PCB holder 820. The actuator 870 may be a pneumatic actuator capable of producing linear
motion with respect to the PCB holder 820. In this regard, the actuator 870 may be used to
move the contact plate assembly 200 and heating element assembly 100 with respect to a PCB
held in the PCB holder 820 such that the contact plate assembly 200 contacts the component to
be removed from the PCB similar to the arrangement shown in Figure 6A. The actuator 870
may also be moved with respect to the PCB holder 820 such that the contact plate assembly
100 is moved away from a PCB held by the PCB holder 820. In this regard, similar to the
embodiments discussed above, a vacuum may be established at a vacuum retention port on the
contact plate assembly 200. This may allow the component to be held against a platform of the
contact plate. Upon freeing (e.g., melting of the solder) of the component, movement of the
actuator 870 away from the PCB while the component is held against the platform using a
vacuum may allow the component to be removed from the PCB.

Figure 9 is a front elevation view of the system 800. Figure 10A-10B are section views
taken along section line 10 in Figure 9. Figure 10A shows a PCB holder 820 in a work position
and Figure 10B shows a PCB holder 820 in a loading position. The actuator 870 may include
insulating material 872 between the actuator 870 and the heating element assembly 100. The
actuator 870 may be disposed above a PCB holder 820 when the PCB holder 820 is in a work
position as shown in Figure 10A. The PCB holder 820 may be moved between a work position
shown in Figure 11 and a loading position, wherein the sliding platform 830 is moved
transversely to the direction of motion of the actuator 870 such that a user may access the PCB
holder 820. The PCB may be placed on and held in place by the PCB holder 820 as will be
described below. The PCB holder 820 may be moved from the loading position to the work
position shown in Figure 10A such that the PCB holder 820 is disposed below the actuator 870.

In operation, the PCB holder 820 may be moved on slide 832 such that the PCB holder

820 is disposed in the loading position as shown in Figure 10B and may be more easily
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accessed by an operator. The operator may load a PCB into the PCB holder 820. The PCB
holder 820 may be moved to the working position shown in Figure 10A. The return of the PCB
holder 820 to the position shown in Figure 10A may trigger the actuator 870 to be lowered
toward the PCB holder 820. The lowering of the actuator 870 may bring the contact plate
assembly 200 into contact with the PCB as described above with regard to Figure 6A. The
timing controller may maintain the contact plate assembly 200 in contact with the PCB for a
predetermined amount of time such that a soldered connection of a component may be melted.
A vacuum source may be activated such that vacuum is introduced to a vacuum retention port
such that the detached component is held in place against the contact plate assembly 200. The
actuator 870 may be moved away from the PCB holder 820 such that the PCB is held in place
by the PCB holder and the component travels with the contact plate assembly 200. Thus, the
component may be removed from the PCB.

Once the actuator 870 has moved away from the PCB holder 820, a component disposal
drawer 860 may be moved from a retracted position as shown in Figure 10A by a pneumatic
cylinder 864 such that the component disposal drawer 860 may be placed generally below the
contact plate assembly 200. The vacuum holding the component to the contact plate assembly
200 may be released and the component may be allowed to fall into the component disposal
drawer 860. The component disposal drawer 860 may be retracted back to the position shown
in Figure 10A. Thus, the component may be removed from the contact plate assembly 200 and
the process may resume with another PCB to which a component is attached being loaded into
the PCB holder 820.

Figure 11 is a perspective view of the PCB holder 820 that may be mounted to the
sliding platform 830. The PCB holder 820 may include a first platform 1102 and a second
platform 1104. The first platform 1102 may be affixed to the slide platform 830 by way of
fasteners 1112 passing through slots 1113. The slots 1113 may allow for movement of the first

platform 1102 with respect to the slide platform 830. That is, the fasteners 1112 may be
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loosened and thumbwheels 1106 be threaded into or out of blocks 1108 such that the first
platform 1102 slides in a direction corresponding to the length of the slot 1113.

Additionally, the second platform 1104 may also be attached to the first platform 1102 by
way of fasteners 1110. The fasteners 1110 may pass through slots 1111. When fasteners
1110 are loosened, thumbwheels 1107 may be threaded into or out of blocks 1109 to produce
lateral movement of the second platform 1104 in a direction along the length of slots 1111 and
generally orthogonally to that of the first platform 1102.

The PCB holder 820 may also include PCB retention arms 1122. The PCB retention
arms 1122 may include a resilient member that provides a biasing force that urges a PCB
against the PCB holder 820. The PCB retention arms 1122 may be attached to posts 1120 that
space the PCB retention arms 1122 from the second platform 1104. In this regard, a PCB may
be placed on the second platform 1104 and PCB retention arms 1122 may be moved with
respect to the PCB to urge the PCB against the second platform 1104. As such, the PCB may
be held in place on the PCB holder 820. The adjustment of the first platform 1102 and second
platform 1104 may allow for adjustment such that the PCB may be positioned with respect to
the contact plate assembly 200 when lowered by the actuator 870. In this regard, the PCB may
be positioned such that only the component to be removed is contacted by the platform 222
having a profile substantially similar to the competent to be removed.

The embodiments presented herein may be advantageous over prior systems in that the
embodiments presented herein may facilitate reduction or prevention of solder joint connections
and other defects that PCBs are susceptible to sustaining when removing components for
rework. As the component to be removed is heated by way of direct conductive heating, excess
heat is less likely to affect adjacent components that do not need to be removed. Unlike forced
hot air heating, the control of heat transfer to the component facilitates heating of the
component without subjecting adjacent components to heat that may lead to solder joint defects

and other issues with excess heat. As such, the component may be removed without the
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intervention of highly skilled workers utilizing expensive machines. Furthermore, the
embodiments presented herein allow for removal of a component while heating without the need
for an operator to physically manipulate the component to be removed with tweezers or other
implements. Rather, a vacuum is used to remove the component, thus lessening the risk that
the component or adjacent components are subjected to damage.

Further still, the embodiments presented herein may provide for automation of the
rework process such that the cost associated with the rework process may be reduced. As
stated above, the embodiments presented may facilitate rework by operators without highly
developed skill sets. Furthermore, the cycle time associated with component removal may be
significantly reduced from a system using forced hot air and tweezers to remove a component.

While the invention has been illustrated and described in detail in the drawings and
foregoing description, such illustration and description is to be considered as exemplary and not
restrictive in character. For example, certain embodiments described hereinabove may be
combinable with other described embodiments and/or arranged in other ways (e.g., process
elements may be performed in other sequences). Accordingly, it should be understood that only
the preferred embodiment and variants thereof have been shown and described and that all
changes and modifications that come within the spirit of the invention are desired to be

protected.
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What is claimed is:

1. An apparatus for removing a component attached to a printed circuit board (PCB)
from said PCB, comprising:

a heating element;

a contact plate in thermal communication with said heating element; and

a vacuum retention port extending through said contact plate and operative to selectively
communicate with a vacuum source;

wherein said contact plate is contactable with said component such that when said
contact plate is in contact with said component said heating element heats said component and
said vacuum retention port is covered by said component.

2. The apparatus of claim 1, wherein said component is an electro-magnetic shield
operative to protect components on said PCB from electro-magnetic interference.

3. The apparatus of claim 2, wherein said component is a radio-frequency (RF)
shield operative to protect components on said PCB from radio-frequency (RF) interference.

4. The apparatus of claim 1, wherein said heating element comprises a vacuum
port in communication with said vacuum retention port.

5. The apparatus of claim 4, wherein said contact plate is removably attachable to
said heating element and comprises a platform extending from said contact plate, said platform
having a substantially identical profile as said component, wherein only said platform contacts
said component when said contact plate is in contact with said component.

6. The apparatus of claim 5, wherein said vacuum retention port terminates at an
interface between said platform and said component when said contact plate is in contact with
said component.

7. The apparatus of claim 6, wherein said contact plate is chosen from among a
plurality of contact plates, said plurality of contact plates comprising different platforms having

different profiles for different components to be removed from said PCB.
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8. The apparatus of claim 7, wherein said contact plate is clamped to said heating
element using at least one clamping mechanism.

9. The apparatus of claim 1, further comprising:

a temperature controller operative to control said heating element to maintain a
predetermined temperature of said contact plate.

10. The apparatus of claim 9, further comprising a vacuum controller operative to
control a vacuum at said vacuum retention port to selectively establish a vacuum at said
vacuum retention port.

11. The apparatus of claim 1, further comprising:

a PCB holder operative to hold said PCB stationary when said contact plate is in contact
with said component.

12. An automated system for removing a component attached to a printed circuit
board (PCB) from said PCB, comprising:

a heating element;

a contact plate removably attached to said heating element and in thermal
communication with said heating element;

a vacuum retention port extending through said contact plate and in selective
communication with a vacuum source such that a vacuum is selectively established at said
vacuum retention port;

an actuator engaged with said heating element and operative to move said contact plate
with respect to said PCB between a non-contacting position and a contacting position, wherein
when in said contacting position said contact plate contacts said component and said vacuum
retention port is located at an interface between said contact plate and said component and said
component covers said vacuum retention port; and

a PCB holder operative to retain said PCB,;

wherein when in said contacting position said contact plate heats said component and
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said vacuum is maintained at said vacuum retention port, such that when said contact plate is
moved to said non-contacting position said component is held against said contact plate by said
vacuum and removed from said PCB.

13. The automated system of claim 12, further comprising:

a controller operative to control said heating element to maintain a predetermined
temperature at said contact plate, control said vacuum source such that a vacuum may be
selectively established at said vacuum retention port, and control said actuator to position said
contact plate between said non-contacting position and said contacting position.

14. The automated system of claim 13, further comprising:

a slide to which said PCB holder is attached, said slide being operative to move with
respect to said contact plate from a loading position to a work position;

wherein when in said loading position, said PCB holder is accessible by an operator
such that a PCB may be loaded onto said PCB holder, and wherein when in said work position,
said PCB is aligned with said contact plate such that actuation of said actuator results in
placement of said contact plate in said contacting position.

15. The automated system of claim 14, wherein said controller is operative to control
said actuator, in response to movement of said slide to said work position, to position said
contact plate from said non-contacting position to said contacting position, maintain said contact
plate in said contacting position for a predetermined amount of time, and after said
predetermined amount of time, move said contacting plate to said non-contacting position while
controlling the vacuum source to establish a vacuum at said vacuum retention port.

16. The automated system of claim 15, further comprising:

a component disposal drawer operative to move with respect to said contact plate from a
closed position to an open position, wherein when said component disposal drawer is in said
open position, upon termination of said vacuum at said vacuum retention port, said component

separates from said contact plate and is disposed within said component disposal drawer.
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17. A method for removing a component attached to a PCB from said PCB,
comprising:

contacting said component with a contact plate in thermal communication with a heating
element such that a vacuum retention port extending through said contact plate is covered by
said component;

melting solder attaching said component to said PCB in response to said contacting;

creating a vacuum at said vacuum retention port such that said component is held
against said contact plate by said vacuum; and

moving said contact plate with respect to said PCB during said creating such that said
component is retained on said contact plate and removed from said PCB.

18. The method of claim 17, wherein said component is an electro-magnetic shield.

19. The method of claim 18, wherein said electro-magnetic shield is a radio-
frequency (RF) shield.

20. The method of claim 21, wherein said contact plate comprises a customized
removable plate having a platform corresponding to a profile of said component, wherein only
said platform contacts said component when said contact plate is in contact with said
component.

21. The method of claim 20, further comprising:

selecting a contact plate from a plurality of different contact plates.

22. The method of claim 19, further comprising:

removably attaching said contact plate to said heating element.

23. The apparatus of claim 22, wherein said removably attaching includes clamping
said contact plate to said heating element using a quick release mechanism.

22. An apparatus for removing a component attached to a printed circuit board (PCB)
from said PCB, comprising:

a heating element; and
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a contact plate in thermal communication with said heating element;

wherein said contact plate is operative to contact only said component such that said
contact plate contacts substantially all of an exposed area of said component such that heat is
conducted directly from said contact plate to said component.

5 23. The apparatus of claim 22, wherein said contact plate includes a platform

extending from said contact plate that has a substantially identical profile as the component.

24, The apparatus of claim 23, wherein said platform includes a vacuum retention
port extending through said contact plate and operative to selectively communicate with a
vacuum source such that said vacuum retention port is covered by said component when said

10  platform contact said component.
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