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EDGE PLATED PRINTED CIRCUIT BOARD

BACKGROUND

[0001] Electronic devices have components that can produce electromagnetic

interference (EMI). In order for these electronic devices to be marketable and shippable to

consumers, it is typically desirable that any EMI internal to the devices be contained so that

it does not cause interference with surrounding electronics. Typical electronic device

components, such as central processing units (CPUs), memory systems, digital video and

audio systems, digital networking interfaces, and hard drives or optical drives, etc., may

produce a spectrum of EMI, ranging anywhere from a few kilohertz (103 Hz) to a few

gigahertz (109 Hz). This EMI may have undesirable effects on all kinds of electrical circuits

surrounding the electronic device, including, for example, televisions, personal computers

(PCs), radios, and the like.

[0002] This Background is provided to introduce a brief context for the Summary and

Detailed Description that follow. This Background is not intended to be an aid in

determining the scope of the claimed subject matter nor be viewed as limiting the claimed

subject matter to implementations that solve any or all of the disadvantages or problems

presented above.

SUMMARY

[0003] An edge plated printed circuit board (PCB) improves radiated emission

performance by enhancing ground shielding on the PCB and improving the physical and

electrical connection between the PCB and external EMI suppression components including

an EMI chassis and gaskets. Inner ground layers within a multi-layer PCB are configured to

physically extend to an edge of the PCB, which is plated using copper electroplating, so that

copper ground strips disposed at the top and bottom surfaces of the PCB and the inner

ground layers are all electrically coupled to the plated edge. In some embodiments, the

ground strips can be made thinner compared to conventional arrangements, or be eliminated

altogether as a result of the direct connection between the edge plated PCB and external

EMI shields.

[0004] Advantageously, the edge plated PCB blocks EMI emissions from escaping out

from the PCB edge from internal signal and return (i.e., ground) layers. The edge plated

PCB further provides a robust connection to the EMI gasket to tie the PCB into an overall

EMI management system by having substantially the entire length of the plated edge being

in contact with the EMI gasket. In addition, the coupling of the inner ground layers to the



plated edge of the PCB provides a continuous uninterrupted electrical connection that

reduces common mode impedance, noise coupling, and the effects of radiated EMI sources.

[0005] This Summary is provided to introduce a selection of concepts in a simplified

form that are further described below in the Detailed Description. This Summary is not

intended to identify key features or essential features of the claimed subject matter, nor is it

intended to be used as an aid in determining the scope of the claimed subject matter.

Furthermore, the claimed subject matter is not limited to implementations that solve any or

all disadvantages noted in any part of this disclosure. These and various other features will

be apparent from a reading of the following Detailed Description and a review of the

associated drawings .

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG 1 shows an illustrative computing environment in which the present edge

plated PCB may be implemented;

[0007] FIG 2 shows an illustrative EMI suppression chassis and EMI gasket;

[0008] FIG 3 shows a phantom line view of the EMI suppression chassis with EMI

gasket located inside;

[0009] FIGs 4 and 5 respectively show top and isometric views of an illustrative edge

plated PCB;

[0010] FIG 6 shows a front (i.e., edge) view of the edge plated PCB;

[0011] FIGs 7 and 8 respectively show top and isometric views of the edge plated PCB

when assembled into the EMI suppression chassis;

[0012] FIG 9 shows a cross-sectional view of the edge plated PCB;

[0013] FIG 10 shows a cross-sectional view of the edge plated PCB when assembled

into the EMI suppression chassis;

[0014] FIG 11 is a flowchart of an illustrative method for fabricating an edge plated

PCB using a modified pattern plating process; and

[0015] FIG 12 shows an illustrative slot that is routed in a laminate panel that is used to

implement a plated edge for one or more individual PCBs.

[0016] Like reference numerals indicate like elements in the drawings. Elements are not

drawn to scale unless otherwise indicated.

DETAILED DESCRIPTION

[0017] FIG 1 shows an illustrative environment 100 in which the present edge plated

PCB may be utilized. As shown, a user 112 interacts with an electronic device 114 in a

typical home. In this illustrative example, the electronic device 114 is a multimedia console



that is typically configured for running gaming and non-gaming applications using local

and/or networked programming and content, playing pre-recorded multimedia such as

optical discs including DVDs (Digital Versatile Discs) and CDs (Compact Discs), streaming

multimedia (e.g., music and video) from a network, participating in social media, browsing

the Internet and other networked media and content, or the like using a coupled audio/visual

display such as a television 136.

[0018] The multimedia console is operatively coupled to a camera system 128 which

may be implemented using one or more video cameras that are configured to visually

monitor a physical space that is occupied by the user 112. The camera system 128 is

configured to capture, track, and analyze the movements and/or gestures of the user 112 so

that they can be used as controls that may be employed to affect, for example, an app or an

operating system running on the multimedia console 114. Various motions of the hands 110

or other body parts of the user 112 may correspond to common system-wide tasks such as

selecting a game or other application from a main user interface.

[0019] FIG 2 shows a top view of an illustrative EMI suppression chassis 205 and a

front view of an EMI gasket 210 that may be utilized with the present edge plated PCB to

provide an overall EMI management system. The EMI suppression chassis when configured

with a lid or cover (not shown) functions to surround the electrical components and circuits

of the electronic device 114 or other devices such as a PC, set top box, and the like, within

a grounded metal enclosure. The enclosure acts as a Faraday cage that protects the electrical

components/circuits from external EMI signals and also protects the external environment

from interference originating internally within the electronic device. The EMI gasket 210 is

typically formed from a conductive elastomeric material and, in this illustrative example as

shown in FIGs 2 and 3, is installed along one wall of the EMI suppression chassis 205 using,

for example, mechanical fasteners, conductive adhesive, or both. It is noted that the shapes

of the EMI suppression chassis 205 and EMI gasket 210 shown in the drawings are intended

to be illustrative and that other shapes and configurations may be utilized to meet the needs

of a particular application of an edge plated PCB.

[0020] The EMI gasket 210 may include one or more openings, as representatively

indicated by reference numeral 215, through which portions of various connectors employed

by the electronic device may pass. The EMI suppression chassis includes corresponding

openings (not shown) so that connections to external devices can be made using the

connectors. For example, the connections can include various inputs and outputs such as

AC power, signaling and control including HDMI (High-Definition Multimedia Interface),



Optical S/PDIF (Sony/Phillips Digital Interface), Ethernet/RJ45, USB (Universal Serial

Bus), proprietary connections supporting input/output (I/O) devices (and other types of

devices), and the like.

[0021] FIGs 4 and 5 respectively show top and isometric views of an illustrative edge

plated PCB 405. FIG 6 shows a front (i.e., edge) view of the edge plated PCB 405. In this

particular example, the edge plating 410 utilized extends slightly over the top and bottom

surfaces of the PCB 405. In alternative embodiments, the edge of the PCB board may be

plated in a manner in which the plating does not significantly or substantially extend over

either the top or bottom surfaces of the PCB. The PCB 405 is typically comprised of glass

reinforced polymer and is configured to mechanically support and electrically connect a

variety of electrical and electronic components using conductive tracks, traces, pads, and

other structures (not shown in the drawings). In general, PCBs can be layered so that circuits

in three dimensions can be implemented. Typically, conductive traces on various layers can

be connected using plated drilled holes called vias.

[0022] In this illustrative example, as noted above, connectors are utilized to enable the

electronic device 114 to be connected to external devices. The connectors (not shown) are

typically located in the general area of the PCB indicated by reference numeral 415.

[0023] FIGs 7 and 8 respectively show top and isometric views of the edged plated

PCB 405 when assembled into the EMI suppression chassis 205. As shown, the edge plated

PCB 405 is positioned near the bottom of the EMI suppression chassis 205 and is typically

coupled to the chassis using standoffs (not shown) or similar hardware devices. The PCB

405 is also located in a manner that enables the edge plating 410 to positively contact the

EMI gasket 210 substantially along the entire length of the edge plating. Such contact

advantageously provides an effective path between the internal ground layers in the PCB

405 with the EMI gasket 210 to reduce shield contact impedance and enhance common

ground coupling with the Faraday cage provided by the EMI suppression chassis 205.

[0024] FIG 9 shows a cross-sectional view of the edge plated PCB 405 . In this particular

illustrative example, the PCB 405 is arranged as a six layer board with the layers designated

in the drawing as LI through L6 using the respective reference numerals 905, 910, 915, 920,

925, and 930. However, it will be appreciated that the principles described herein may be

readily applied to PCBs having more or fewer layers. The L2, L3, L4, and L5 layers, which

are typically formed using copper foil, are interleaved between an inner dummy insulating

(i.e., non-electrically-conducting) core 935 and insulating cores 940 and 945. Prepreg (i.e.,

pre-impregnated) layers 950 and 955 are fiberglass/resin composites that are located



towards the top and bottom of the PCB, respectively adjacent to the LI top and L6 bottom

layers 905 and 930.

[0025] As shown, the internal L2 and L5 ground layers 910 and 925 are configured to

extend to the PCB's edge 960 so they are electrically coupled to the edge plating 965. By

contrast, the L3 power and L4 signal layers 915 and 920 are configured so as to not extend

to the PCB's edge and therefore there are gaps 970 and 975 between the L3 and L4 layers

and the edge plating 965 and no electrical coupling is effectuated.

[0026] A copper strip 980 is located at the top LI layer 905 and is covered with

soldermask 982. Similarly, a copper strip 985 is located at the bottom L6 layer 930 and is

covered with soldermask 984 (it will be appreciated that soldermask is typically utilized to

cover all the traces on the top and bottom of the PCB 405). In this illustrative example, the

copper strips 980 and 985 are also configured to be in electrical contact with the edge plating

965.

[0027] FIG 10 shows a cross-sectional view of the edge plated PCB 405 when

assembled into the EMI suppression chassis so as to place the edge plating 965 in physical

and electrical contact with the EMI gasket 210. Advantageously, such contact along

substantially the entire length of the PCB edge enhances the coupling of the internal L2 and

L5 ground layers to the EMI gasket 210 which can reduce the size of the copper strips 980

and 985 compared to conventional (i.e., non-edge plated) PCBs, or obviate their use

altogether in some implementations. In addition, the enhanced coupling enabled by the edge

plating can also reduce the utilization of plated vias in some cases which can advantageously

reduce the number of operations during PCB fabrication. Reduced utilization of vias can

also advantageously free up PCB space for other purposes and/or enables vias to be

relocated away from particularly crowded areas on the board such as the connector area 415

(FIG 4).

[0028] FIG 11 is a flowchart of an illustrative method 1100 for fabricating an edge

plated PCB using a modified pattern plating process that adds an additional routing

operation to create a slot which is plated that becomes the PCB's plated edge when the PCB

is cut to size from a larger panel as an individual part. Unless specifically stated, the methods

or steps shown in the flowchart in FIG 11 and described below are not constrained to a

particular order or sequence. In addition, some of the methods or steps thereof can occur or

be performed concurrently and not all the methods or steps have to be performed in a given

implementation depending on the requirements of such implementation. Some methods or

steps may also be optionally utilized.



[0029] In step 1105 the raw PCB laminate material is sheared to create panels of a

desired size. The number of finished PCBs per panel can vary (e.g., 2, 4, or more per panel)

by implementation. In step 1110, a dry light-sensitive film or photo-imageable resist is

laminated to the inner layers of the panel using heat and pressure. In step 1115, an image of

the traces for a particular circuit design is exposed to the light sensitive material using a

negative piece of film. The unexposed dry film is then chemically removed prior to going

to the next step. In step 1120, copper material is chemically removed from the inner layer

using an etching process and exposed dry film is later chemically removed.

[0030] In step 1125, the additional cores (e.g., cores 940 and 945 in FIG 9) and copper

foil layers are laminated using heat and pressure (and in some cases a bonding agent) to the

inner dummy core to create the multilayer PCB. Holes for vias are drilled in step 1130. In

step 1135, a slot is routed in the panel. As noted above, a portion of the slot is used as an

edge of an individual PCB when it is cut from the panel. The routed slot is located in the

panel so that the internal L2 and L5 ground layers come right to the edge of the slot, as

described above. Accordingly, step 1135 represents a modification from a conventional

pattern plating PCB fabrication process.

[0031] FIG 12 illustrates a slot 1205 that is routed in a multilayer PCB panel 1210. The

dashed lines indicate the outlines of two individual PCBs (when subsequently cut out of the

panel 1210) for which the routed slot 1205 forms an edge. In this particular example, the

slot is commonly shared by two PCBs but other routing configurations may also be used

depending on the needs of a particular implementation.

[0032] Returning to FIG 11, in step 1140, the panel is electroplated to deposit copper in

the vias drilled during step 1130 as well as on the exposed edges of the slot 1205 (FIG 12)

that was routed in the panel in step 1135 to form the plated edge 410 (FIG 4).

[0033] In step 1145, dry film is laminated to the panel's outer layers. In step 1150, an

image of the traces/pads for a particular circuit design is exposed to the light-sensitive

material using a positive piece of film and unexposed dry film is later chemically removed.

In step 1155, pattern plating is utilized to first electroplate copper onto exposed copper (e.g.,

circuit traces/pads) surfaces, and to subsequently electroplate tin on top of the exposed

copper. Exposed dry film is later removed before going to step 1160. In step 1160, an etching

process is used to remove copper from areas other than the circuit traces/pads that are

covered by tin. Subsequently, the tin on top of copper (circuit traces/pads) is etched away

separately before going to step 1165. A soldermask print process is utilized in step 1165 in

which a photo-sensitive epoxy based coating is applied and subjected to a similar process



as the image transfer in step 1150 to expose areas that are going to be covered by soldermask

as defined by the circuit design. Unexposed soldermask is chemically washed away prior to

going to step 1170.

[0034] Various legends and nomenclature may be applied to the PCBs in the panel via

a silkscreen print process in step 1170. A surface treatment (other than Organic Solderable

Preservative (OSP) and Immersion Silver) is applied to the PCB panel in step 1175

including, for example, ENIG (Electroless Nickel Immersion Gold), gold plating, HASL

(Hot Air Solder Leveling), and/or carbon conductive ink application.

[0035] In step 1180, individual PCBs are cut out of the panel using a routing process

and electrically tested in step 1185. OSP or Immersion Silver surface treatment may be

performed in step 1190 (if OSP or Immersion Silver is the only PCB surface treatment

utilized).

[0036] A conventional panel plating process may also be modified to enable a slot to be

routed into a panel that forms a plated edge of one or more individual PCBs. As with the

pattern plating process shown in FIG 11, the routing for the edge slot is performed after the

hole-drilling step and then the entire panel is plated. It will be appreciated that for

subsequent fabrication steps, the panel plating processes reverse the print and plate steps of

pattern plating for the outer layers so that after plating, the panel is printed with artwork

(using negative film) and then etched.

[0037] In an alternative embodiment, substantially the entire perimeter of a PCB can be

edge plated to enhance immunity to radiated EMI emissions in some cases. In this case,

individual PCBs are cut from the panel prior to the panel plating step 1140 in the method

1100 (FIG 11) so that the entire edge can be plated.

[0038] The subject matter described above is provided by way of illustration only and

should not be construed as limiting. Various modifications and changes may be made to the

subject matter described herein without following the example embodiments and

applications illustrated and described, and without departing from the true spirit and scope

of the present invention, which is set forth in the following claims.



CLAIMS

1. A printed circuit board (PCB), comprising:

a dummy core having a circuit configuration of electrically conductive material on

at least one of its surfaces;

one or more supplemental cores each having a circuit configuration of electrically

conductive material on at least one of its surfaces, the one or more supplemental cores being

layered with the dummy core so that the printed circuit board is multilayered; and

at least one plated edge to which one or more ground layers extend to form a

continuous ground path, the ground layers being implemented using portions of one or more

of the circuit configurations on the dummy core or on the one or more supplemental cores.

2 . The PCB of claim 1 in which the dummy core's conductive layer comprises copper

foil.

3 . The PCB of claim 1 in which the one or more of the supplemental cores' conductive

layer comprises copper foil.

4 . The PCB of claim 1 further comprising a connector to an external power source or

an external device, the connector being disposed on the PCB proximate to the plated edge.

5 . The PCB of claim 1 further comprising a conductive strip disposed on a top or

bottom surface of the PCB proximate to the plated edge.

6 . The PCB of claim 5 in which the conductive strip is electrically coupled to the plated

edged.

7 . The PCB of claim 6 in which the conductive strip comprises a copper strip.

8. The PCB of claim 1 in which the plated edge is continuous along substantially the

PCB's entire perimeter.

9 . The PCB of claim 1 in which the plated edge comprises electroplated copper.

10. The PCB of claim 1 in which the plated edge is adapted to interface with an

electromagnetic interference (EMI) gasket so that the ground path is electrically coupled to

the EMI gasket, the interface being maintained along substantially the plated edge's entire

length, and in which the EMI gasket is disposed in, and electrically coupled to an EMI

chassis so that the ground path in the PCB is electrically coupled to the EMI chassis through

the EMI gasket.



















A . CLASSIFICATION O F SUBJECT MATTER

H05K1/02 H05K9/00
H05K3/40

According to International Patent Classification (IPC) or to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

H05K

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal , WPI Data

C . DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 4 758 922 A ( ISHIGAKI ISAO [JP] ET AL) 1-10
19 July 1988 (1988-07-19)
col umn 3 , l i nes 4-36; f i gures 1, 2

DE 10 2009 025647 B3 (CONTINENTAL 1-10
AUTOMOTIVE GMBH [DE] )
15 July 2010 (2010-07-15)
paragraphs [0031] , [0033] - [0035] ,
[0039] , [0040] ; f i gures 2 , 4

US 2006/055006 Al (0RTH KELLY M [US] ET AL 1-10
0RTH KELLY [US] ET AL)
16 March 2006 (2006-03-16)
paragraphs [0019] , [0020] , [0025] ,
[0031] , [0034] - [0036] , [0043] , [0046]
- [0048] ; f i gures 2 , 3 , 4A

-/-

X| Further documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand
"A" document defining the general state of the art which is not considered the principle o r theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published o n or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel o r cannot be considered to involve an inventive

"L" documentwhich may throw doubts on priority claim(s) orwhich is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one o r more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

3 June 2015 15/06/2015

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Batev, Peti o



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2008/210462 Al (KAWAGISHI MAKOTO [JP] 1-10
ET AL) 4 September 2008 (2008-09-04)
paragraphs [0045] , [0046] , [0048] ,
[0050], [0052] - [0059]; figures 1 , 2 , 5



Patent document Publication Patent family Publication
cited in search report date member(s) date

US 4758922 19-07-1988 NONE

DE 102009025647 B3 15- 07-2010 NONE

US 2006055006 Al 16- 03-2006 CA 2579818 Al 30-03 2006
CN 101019472 A 15- 08 2007
CN 102231946 A 02-11 2011
EP 1790204 Al 30-05 2007
J P 4881866 B2 22-02 2012
J P 2008514012 A 01-05 2008
RU 2347333 C2 20- 02 2009
US 2006055006 Al 16- 03 2006
US 2007138602 Al 21- 06 2007

0 2006034017 Al 30-03 2006

US 2008210462 Al 04-09-2008 101300911 A 05-11-2008
4816647 B2 16-11-2011

2008210462 Al 04-09-2008
2007060784 Al 31-05-2007


	abstract
	description
	claims
	drawings
	wo-search-report

