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METALLIC RF OR THERMAL SHIELD FOR AUTOMATIC VACUUM PLACEMENT
Technical Field
This invention relates to radio-frequency (RF) and thermal shields.
Background of the Invention
" RF shields are used on printed-circuit (PC) boards to prevent

electromagnetic interference (EMI) both by and of devices and links on the PC
boards. State-of-the art circuit-assembly techniques use automation, whereby
components are automatically placed by machine on PC boards and are then
automatically soldered. Conventional drilled-through PC boards have component
mounting holes extending through the board for mounting leads of the components.
Automatic assembly techniqués for these boards rely on robotics wherein ﬁnger-like
devices pick up the components -- including RF shields -- and insert their leads into
the appropriate holes.

Recently, surface-mount technology has been replacing drilled-through
PC boards. In surface-mount technology, component mounting pads that are formed
on the surface of the PC board replace mounting holes. During assembly, these pads
are covered with solder paste, components are automatically placed on the pads by
means of vacuum placement machines, and the assemblage is heated to melt the
solder paste and thus attach the components to the PC board. The surface-mount
technology is less expensive to practice. Inter alia, the elimination of robotic
automatic-assembly machines and substitution therefor of vacuum-placement
machines results in significant savings during circuit assembly.

Unfortunately, metallic RF shields have been considered to be too heavy
for vacuum placement during surface-mount circuit assembly, as disclosed in U. S.
Patent no. 5,235,131. Consequently, it has been thought necessary to either place the
metallic RF shields by hand or by robotic machines, or to replace metallic RF shields
with other types of RF shields that are suited for vacuum placement as taught, for
example, in U. S. Patent no. 5,235,131. Hand placement of RF shields is expensive
and also violates the concept of automated assembly. Robotic placement is
expensive because it requires the addition of a robotic-placement machine to the
conventional vacuum-placement machines in a surface-mount automated assembly
line. And substitution of esoteric new types of RF shields for conventional metallic
RF shields prevents use of these time-tested, effective, and inexpensive components
in automated vacuum-placement surface-mount assembly.
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Many circuit packs make use of a large mix of surface mount
components with widely varying thermal masses. During the reflow soldering
operation, it is important to melt the solder at all joints and yet not damage any
component due to excessive heating. To do this, it is sometimes necessary to place
thermal shields over selected components to prevent thermal damage. Hand or
robotic assembly of thermal shields is expensive and violates the concept of
automated assembly.

Summary of the Invention

We have recognized a fallacy in the prior art’s assumption that metallic
RF shields are too heavy for vacuum placement. Specifically, we have recognized
that the difficulty experienced by the prior art in using vacuum placement for
metallic RF shields is a consequence of the physical configuration of the prior-art
metallic RF shields. A conventional metallic RF shield 100 is shown in FIG. 1. The
surfaces of the conventional RF shield are covered by perforations 101 which make
the shield relatively lighter than a non-perforated shield and also permit the entry of
thermal energy into the shield to facilitate the reflow of solder paste inside the RF |
shield during circuit assembly. We have recognized that this physical configuration
provides little or no non-perforated area for vacuum pickup of the shield.
Accordingly, our invention is directed to solving the problems and disadvantages of
the prior art by providing a non-perforated area on the RF or thermal shield surface
surrounding the center of mass and centered substantially on the center of mass of a
metallic or other-material shield, which non-perforated area is sized sufficiently for
the weight of the shield to permit pick-up and placement of the shield by vacuum
placement techniques. Preferably, the non-perforated area is substantially larger
than other non-perforated areas of the surface that surrounds the center of mass, or
even of all surfaces of the shield.

A shield configured according to the invention permits automatic
vacuum pick-up and placement of the shield even if the shield is metallic. It
therefore allows the use of time-tested, effective, and inexpensive RF and thermal
shields in surface-mount assembly processes using the conventional vacuum pick-up
and placement techniques. Yet it allows the shield to retain the perforations
desirable for reducing the weight of the shield and for permitting entry of sufficient
thermal energy into the shield to effect adequate solder paste reflow. At the same
time, the shield provides sufficient thermal shielding of the components covered by
the shield to prevent thermal damage thereto during the solder reflow operation.
Also, if desired, the thermal shield can be removed after the soldering process is
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completed, and the thermal shield can be reused. Alternatively, the thermal shield
can be soldered in place and become a permanent part of the circuit pack assembly,
just like an RF shield. |

These and other advantages and features of the invention will become
apparent from the following description of an illustrative embodiment of the
invention considered together with the drawing.
Brief Description of the Drawing

FIG. 1 is a perspective diagram of a prior-art metallic RF shield;

FIG. 2 is a perspective diagram of an RF or thermal shield that includes
a first illustrative embodiment of the invention;

FIG. 3 is a top-view diagram of an RF or thermal shield that includes a
second illustrative embodiment of the invention;

FIG. 4 is a perspective diagram of a thermal shield that includes a third
illustrative embodiment of the invention; and

FIG. 5 is a perspective diagram of a thermal shield that includes a fourth
illustrative embodiment of the invention.
Detailed Description

FIG. 2 shows an illustrative RF or thermal shield 200 that incorporates
an embodiment of the invention. The surfaces 208 of shield 200 are covered by
perforations 201 except in an area 202 that surrounds, and is centered on, the center
of mass 204 of shield 200. As is well understood in the art, the size of
perforations 201 is kept below one twentieth of the wavelength of radio-frequencies
which RF shield 200 is intended to block. Non-perforated area 202 is much larger
than other non-perforated areas 205 which lie among perforations 201. Area 202 is
flat and smooth and has a diameter 203 of sufficient size for the weight of shield 200

to permit a vacuum pick-up head 206 capable of picking up that weight to fit within
area 202. In other words, diameter 203 is greater than an internal diameter 207 of

~ the corresponding vacuum pick-up head 206.

While the weight of shield 200 is the most critical determmant of
requisite diameter 203, we have discovered that the physical dimensions of
shield 200 likewise play a role in the sizing of diameter 203. Table A below
expresses the relationships between weight and dimensions of RF shield 200 and
diameter 203, which relationships were determined empirically. In Table A,
dimensions (height H, width W, length L) of shield 200 and diameter (D) 203 of
non-perforated area 202 are expressed in millimeters, and shield weight (M) is
expressed in grams.



rectangul ar, and may further be oriented at 45 degrees (or any other angle)

relative to the edges of RF shield 200 to provide an attractive and
“distinctive design, as showmn 25 in FIG 3. Furthernore for purposes of
attractive appearance and/ or source identification, area 202 may carry
a decal. The decal may be printed, stanped, or adhered thereon w thout
affecting the snoot hness of area 202 tha-is necessary for vacuum
pi ckup. _ FIG 4 shows the shield configured as a renovabl e
thermal shield 200'. 30 For QUTpPOSES Of[€ase oréélletration, perforations
201 are not shown; alternatively, | MN 50X qr éden|all perforations 201
may be elimnated and shield 200" pay have sql (fim.) non- per f or at ed,
surfaces. To prevent unwant ed—evepent—pi—shield—269' relative to a
circuit board 400 during the |soLdefi g pparat|ion, shield 200" includes
detents 491 whi ch engage oR§N| ngs 402 in circult board 400.
(mm,
w 5 17
(mm.)
H 1 10 4.5
(mm.)
10 M 0 15
(g)
L 13 s
(mm.)
w 13 38 12
15 (mm.)
H 1 10
{mm.)
M ] 10
TABLE A

Area 202 need not be circular in shape. For example, it may be
rectangular, and may further be oriented at 45 degrees (or any other angle) relative to
the edges of RF shield 200 to provide an attractive and distinctive design, as shown

25 inFIG. 3. Furthermore for purposes of attractive appearance and/or source
identification, area 202 may carry a decal. The decal may be printed, stamped, or
adhered thereon without affecting the smoothness of area 202 that is necessary for
vacuum pickup. ' '

FIG. 4 shows the shield configured as a removable thermal shield 200°.

30 For purposes of ease of illustration, perforations 201 are not shown; alternatively,
some or even all perfofations 201 may be eliminated and shield 200’ may have solid,
non-perforated, surfaces. To prevent unwanted movement of shield 200’ relative to
a circuit board 400 during the soldering operation, shield 200’ includes detents 401
which engage openings 402 in circuit board 400.



5 - FIG 5 shows an alternative configuration of the

thermal shield, desi gnated as 200". Unlike thermal shield 200" of FIG
4, thermal shield 200" of FIG 5 is intended to be soldered to circuit
board 400 and becone a pernmanent part of the circuit pack. Thernal

shield 200" retains perforati-ons 201, which allow for 5
of the solder joints of conponents 500-that are covered by

vi sual

FIG. S shows an alternative configuration of the thermal shield,
designated as 200". Unlike thermal shield 200 of FIG. 4, thermal shield 200" of
FIG. 5 is intended to be soldered to circuit board 400 and become a permanent part
of the circuit pack. Thermal shield 200" retains perforations 201, which allow for

5 visual inspection of the solder joints of components 500 that are covered by

| nspection

shield 200". To permit improved visual inspection of the solder joints, shield 200"

further defines a large (relative to perforations 201) opening 501. In the case of a

component 500 that is covered by shield 200" being, for example, a detector or an

emitter component (e.g. an LED), opening 501 also serves the function of exposing

10 the component 500 to functional interaction with entities of the outside world. Of

course, shield 200" may define more than one opening 501, in any one or more of the

surfaces of shield 200",

Of course, various changes and modifications to the illustrative
embodiment described above will be apparent to those skilled in the art. For
15 example, the shield need not be rectangular but may assume any desired shape, as

may the non-perforated area. Nor need it be metallic. Such changes and
modifications can be made without departing from the spirit and the scope of the

invention and without diminishing its attendant advantages. It is therefore intended
that such changes and modifications be covered by the following claims.
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is a largest non-perforated area defined by the surface.

2. The shield of claim 1 wherein all surfaces of the shield are perforated. '

3. The shield of claim 1 wherein all surfaces of the shield are perforated
10 and the non-perforated area is a largest non-perforated area defined by all said
surfaces.

4. The shield of claim 1 or 3 wherein the shield is metallic.

S. The shield of claim 1 wherein the noh-perforated area has one of
circular shape and rectangular shape.

15 6. The shield of claim 1 wherein both the surface and the non-perforated
- area are rectangular in shape and the non-perforated area is oriented at a 45° angle
relative to the surface.

7. The shield of claim 1 wherein the shield is an RF shield and each
perforation is no larger than one-twentieth of a wavelength of RF which the RF
20 shield is to block.

8. The shield of claim 1 wherein the shield is a re-usable thermal shield
and the thermal shield defines at least one detent along a surface thereof that contacts
a circuit board during assembly operations, for engaging a corresponding at least one
opening in the circuit board. '

25 9. The shield of claim 1 wherein a surface of the shield defines an
opening through which either a component shielded by the shield is able to interact
with an entity external to the shield or a solder joint of a component shielded by the
shield is able to be inspected.
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perforated area centered substantially on the center of nmss|| dhilS SHEETHAS BEEN
permt pick-up and placenent of the shield by an autonmatic VvacuumRERIACED

sand pl acenent nachi ne. 2. The shield of claim1 wherermthe
non-perforated area is the |argest non-perforated area defined by the
surf ace. 3. The shield of claim1 having a plurality of

non- copl anar surfaces wherein all surfaBes of the shield are perforated.
4. The shield of claim2 having a plurality of non-coplanar surfaces

wherein al | MRTARESE RF OR THERM AL SEAERY i‘ORaAﬁ‘i‘(ﬂﬁﬂTtlheVR@U(BlWlf’EA@mENT
area is the Iargest non-perforated area defined by all said surtaces.
5. The shie | aim 1 wherein the non-perforated area has one of

\(/:vlh rcul ar bstlﬁpte and rA}g‘ﬁfeWRHbrMQl sh1e1d§200 200°, £00"Vhas ﬁﬁﬁﬁ?f&ﬁte?' aim1l
erein (0] urtace an I rectangul ar in
shape and t fAi%2 2@"5 gﬂtﬁtcgﬁe’é‘r?]@ﬂaﬁs of qagpﬁégdﬁlsuﬁment for pick-up and’

5 placement of the shield by automatic vacuum pick-up equipment during automated
surface-mount circuit assembly. '
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a 45[err] angle relative to the surface. 7. The shield of claim
1 wherein the shield is an RF shield and each perforation is no |arger than
ione-twentieth of a wavel ength of RF which the RF shield is to bl ock.

8. The shield of claim1l wherein the shield is a re-usable thernmal shield
and the thermal shield defines at Ieasyﬁne detent along a surface thereof
that tenporarily contacts a circuit bo during assenbly operations, for .
tenporarily engaging a corresponding at |east one opening in the circuit
board during assenblaé,f&ﬁ;ations and thereafter for disengaging the
correspondi ng at | eabt eni ng. 9. The shield of claim1l

wherein a surface of RRIOR ARTi el d defines an opepging through \,i:hi ch a
19 entity

conponent shielded by the shield is able to igrteract W th
external to the shield. ﬁ
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10. The shield of claim1l wherein a surface of the shield defines an

épeni ng through which a solder joint of a conponent shielded by the shield
is able to be inspected. 1 1. A surface-nount shield for
attenuating at |east one of RF and therg@ energy, the shield being
nmetallic and having a center of mass and a plurality of perforated surfaces
including a first perforated surface surrounding the center of mass, the
first perforated surface defining a non-perforated flat and snooth area

FIG. 3
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ecentered substantially on the center of mass and sized to permt pick-up
and pl acenent of the shield by an automatic vacuum pi ck-up and pl acenent
frachi ne, the non-perforated area being the | argest non-perforated area
defined by all said surfaces. 12. A shield for attenuating at

| east one of RF and thermal energy, themghield having a center of mass, a
plurality of non-coplanar perforated surfaces one of which surfaces is

| ocat ed adj acent to the center of mass, and a non-perforated area defined
by said one surface, the non-perforg@gﬁg@reQ£Peing centered substantially
on the center of mass and being siz ‘perfit pick-up and pl acenent of
the shield by an automatic vacuum pi ck-up and pl acenent nachi ne, said non-
perforated area being the .largest non-perforated area denggd by all said

surf aces. 13. The shieldiof claim I1Z Wwhere the shield is
nmetallic. 14. A surf agenoumt-—-shiel-d--for /&t enuati ng at | east
one of RF and thermal energy, g/éhield hayi ter of mass and a
plurality of non-copl anar e , 401
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perforated surfaces including a first perforated surface | @@E@gAggwmrﬂriE*—T
toZthe center of nmass, the first perforated surface defini

non-perforated flat and smooth area centered substantially aWeﬂqur lg.gﬁ
mass and sized to permt pick-up and p|lacenment of the shiel -
automati ¢ vacuum pi ck-up and pl acenent fachi ne, the non-perforated area
bei ng t he Iaégest non- Eerforat ed area defined by all said surfaces.

15. The surf FiQR THERMAL SHIELIhEOR AUTROMATIC d i s net a:cl iC. |
the non- per | SARGEVGPLACKMENR  angul ar i1 Shape and t he non- per for at ed
area i s oriepg@hicll MeldS[err] angle relative to the surface.
This invention relates to radlo-frequency (RF) and thermal shields.
Background of the Invention
5 RF shields are used on printed-circuit (PC) boards to prevent

electromagnetic interference (EMI) both by and of devices and links on the PC

boards. State-of-the art circuit-assembly techniques use automation, whereby

components are automatically placed by machine on PC boards and are then

automatically soldered. Conventional drilled-through PC boards have component

10 mounting holes extending through the board for mounting leads of the components.
Automatic assembly techniques for these boards rely on robotics wherein finger-like

s
) a
7

devices pick up the components -- including RF shields -- and insert their leads into
the appropriate holes.
Recently, surface-mount technology has been replacing drilled-through
15 PCboards. In surface-mount technology, component mounting pads that are formed
on the surface of the PC board replace mounting holes. During assembly, these pads
are covered with solder paste, components are automatically placed on the pads by
- means of vacuum placement machines, and the assemblage is heated to melt the
solder paste and thus attach the components to the PC board. The surface-mount
20 technology is less expensive to practice. Inter alia, the elimination of robotic -
automatic-assembly machines and substitution therefor of vacuum-placement
machines results in significant savings during circuit assembly.
Unfortunately, metallic RF shields have been considered to be too heavy
for vacuum placement during surface-mount circuit assembly, as disclosed in U. S.
25 Patent no. 5,235,131. Consequently, it has been thought necessary to either place the
metallic RF shields by hand or by robotic machines, or to replace metallic RF shields
with other types of RF shields that are suited for vacuum placement as taught, for
example, in U. S. Patent no. 5,235,131. Hand placement of RF shields is expensive
and also violates the concept of éutomatgd assembly. Robotic placement is
30 expensive because it requires the addition of a robotic-placement machine to the
conventional vacuum-placement machines in a surface-mount automated assembly
line. And substitution of esoteric neW types. of RF shields for conventional metallic
RF shields prevents use of these tlme-tested effe“cuve, and 1hexpérrsxve components
in automated vacuum-placement surface-mount asse'i"nbly
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METALLIC RF OR THERMAL SHIELD FOR AUTOMATIC
VACUUM PLACEMENT

Abstract

A metallic RF or thermal shield (200, 200’, 200") has a non-perforated
area (202) around its center of mass, of a radius (203) sufficient for pick-up and
placement of the shield by automatic vacuum pick-up equipment during automated
surface-mount circuit assembly. |

FIG. 2
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Claims :

1. A shield for attenuating at least one of RF and thermal energy, the
shield being metallic and having a center of mass, a perforated surface surrounding
the center of mass, and a non-perforated area defined by the surface, the non-
perforated area centered substantially on the center of mass and sized to permit
pick-up and placement of the shield by an automatic vacuum pick-up and
placement machine.

2. The shield of claim 1 wherein the non-perforated area is the largest
non-perforated area defined by the surface.

3. The shield of claim 1 having a plurality of non-coplanar surfaces
wherein all surfaces of the shield are perforated.

4. The shield of claim 2 having a plurality of non-coplanar surfaces
wherein all surfaces of the shield are perforated and the non-perforated area is the
largest non-perforated area defined by all said surfaces.

5. The shield of claim 1 wherein the non-perforated area has one of
circular shape and rectangular shape.

6. The shield of claim 1 wherein both the surface and the non-
perforated area are rectangular in shape and the non-perforated area is oriented at
a 45° angle relative to the surface. |

7. The shield of claim 1 wherein the shield is an RF shield and each
perforation is no larger than one-twentieth of a wavelength of RF which the RF
shield is to block.

8. The shield of claim 1 wherein the shield is a re-usable thermal shield
and the thermal shield defines at least one détent along a surface thereof that
temporarily contacts a circuit board during assembly operations, for temporarily
engaging a corresponding at least one opening in the circuit board during assembly
operations and thereafter for disengaging the corresponding at least one opening.

9. The shield of claim 1 wherein a surface of the shield defines an
opening through which a component shielded by the shield is able to interact with

an entity external to the shield.
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10. The shield of claim 1 wherein a surface of the shield defines an_
opening through which a solder joint of a component shielded by the shield is able
to be mspected | | |

11. A surface-mount shield for attenuating at Ieast one of RF and thermal
energy, the ‘shield being metallic and having a center of mass and a plurality of
perforated surfaces mcludmg a first perforated surface surrounding the center of '
mass, the first perforated surface defining a non-perforated flat and smooth area
centered substantially on the center of mass and sized to permit pick—up and
placement of the shield by an automatic vacuum pick-up and placement machine,
the non-perforated area being the largest non- perforated area defined by all said
surfaces _

12. A shield for attenuating at least one of RF and thermal energy, the
shield having a center of mass, a plurality of non-coplanar perforated surfaces one

“of which surfaces is located adjacent to the center of mass, and a non-perforated
area defined by said one surface, the non-perforated area being centered
substantially on the center of mass and being sized to permit pick-up and placement
of the shield by an automatic vacuum pick-up and placement machine, said non-
perforated area being the Iar'gest non-perforated area defined by all said surfaces.

13. The shield of claim 12 wherein the shield is metallic.

14.A surface-mount shield for attenuating at least one of RF and thermal
energy, the shield having a center of mass and a plurality of non-coplanar
perforated surfaces including a first perforated surface located adj jacent to the center
of mass, the first perforated surface defining a non-perforated flat and smooth area
cente.red substantially on the center of mass and sized to permit pick-up and
p_facement of the shield by an_ automatic vacuum pick-up and placement machine,
the non-perforated area being the largest non-perforated area defined by all said
surfaces. -

15. The surface-mount shield of claim 14 wherein the shield is metallic. -

16. The surface-mount shield of claim 15 wherein both the first surface | .
and the non-perforated area are rectangular in shape and the non-perforated area

is oriented at a 45° angle relative to the surface.
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