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

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date

27 October 2011 (27.10.2011) WO 2011/133430 Al

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
H05K3/44 (2006.01) F21L 4/02 (2006.01) kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(21) International Application Number: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

PCT/US201 1/032743 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

15 April 201 1 (15.04.201 1) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,

(26) Publication Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(30) Priority Data:
12/766,655 23 April 2010 (23.04.2010) US (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
(71) Applicant (for all designated States except US): SURE¬ GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

FIRE, LLC [US/US]; 18300 Mt. Baldy Circle, Fountain ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
Valley, California 92708 (US). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,(72) Inventors; and
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,(75) Inventors/Applicants (for US only): GIBSON, Ronald
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,S. [US/US]; 23720 Via Beguine, Valencia, California
GW, ML, MR, NE, SN, TD, TG).

91355 (US). MITRA, Deepanjan [IN/US]; 37 Fuertes
Street, Irvine, California 92617 (US). BURAYEZ, Am- Published:
mar [SY/US]; 18300 Mt. Baldy Circle, Fountain Valley, — with international search report (Art. 21(3))
California 92708 (US).

— before the expiration of the time limit for amending the
(74) Agent: FOLSOM, Brent A.; Haynes and Boone, LLP, claims and to be republished in the event of receipt of

2323 Victory Avenue, Suite 700, Dallas, Texas 75219 amendments (Rule 48.2(h))
(US).

(54) Title: METAL CORE CIRCUIT BOARD WITH CONDUCTIVE PINS

140

200
135

1-220

215

215 210 210

4-205

o
150 +- 150

FIG. 2

(57) Abstract: A metal core circuit board assembly includes a metal core circuit board (135) having a through hole (210) in an
embodiment. A shaft (205) for a pin (150) is inserted in the through hole such that cap (200) of the pin abuts a foil layer on the
circuit board (135). The shaft diameter is sufficiently smaller than the through hole diameter such that the shaft is electrically iso
lated from a metal core of the circuit board. The cap is undercut about the through hole to further isolate the pin from the non -
electrically isolated portion of the metal core circuit board.



METAL CORE CIRCUIT BOARD WITH CONDUCTIVE PINS

TECHNICAL FIELD

[0001] This application relates to circuit boards and, more particularly, to a metal core

circuit board modified with conductive pins.

BACKGROUND

[0002] Light emitting diodes (LEDs) are rapidly replacing conventional sources of

illumination such as incandescent bulbs. Because an LED is typically a discrete circuit, it

is common to mount LEDs on circuit boards so that the LED may receive the appropriate

circuit leads. Although LEDs are more efficient than conventional illumination sources,

they still emit an appreciable amount of heat during operation. Metal core printed circuit

boards are thus used to provide thermal management for mounted LEDs. Such a board

would include a conductive core such as aluminum that is coated with a one or more

dielectric layers. A printed or lithographed foil layer, such as copper, overlays the

dielectric layer. The foil layer forms the electrical leads to couple to the LED. The

dielectric layer(s) act to insulate the foil layer and the coupled circuits from the conductive

core. Although the core is thus electrically isolated, it is still thermally connected to the

LED such that it acts as an adequate heat sink.

[0003] But conventional metal core board technology is problematic for applications that

must pass electrical leads through the board. For example, such a need is present in LED

flashlight applications. In that regard, consider the construction of a conventional

flashlight - there is an elongated cylindrical battery housing that holds the batteries and

allows a user to handle the device. The battery housing connects to a flashlight head that



includes a lens or transparent cover held by a bezel. At the base of the bezel is the circuit

board holding the LED(s).

[0004] The circuit board is mounted within the flashlight orthogonally to the optical axis of

the lens. However, such a circuit board arrangement then forms a natural barrier to the

necessary electrical leads for coupling between the batteries and the board's printed foil

layer (and ultimately to the LED). Conductive pins passing through the circuit board to

couple to the printed foil layer need insulation from the metal core in the board to prevent

the batteries from shorting out through the resulting conduction in the metal core. But an

insulated pin then requires an extra soldering step to couple to the printed foil layer, which

increases manufacturing costs. Alternatively, wires can be passed through a gap between

the edge of the board and the bezel, which still requires an extra soldering step and requires

a bigger installation space.

[0005] Accordingly, there is a need in the art for metal core circuit board configurations

that enable efficient construction and soldering of leads such as conductive pins to pass

through the board.

SUMMARY

[0006] In accordance with a first embodiment of the invention, a circuit board assembly is

provided that includes: a metal core circuit board having a principal surface for mounted

circuits and at least one through hole extending between the principal surface and a

backside surface for the metal core circuit board; and an at least one conductive pin,

wherein each conductive pin includes a shaft extending through a corresponding through

hole and a pin cap abutting the principal surface adjacent the corresponding through hole



such that an undercutting for the pin cap circumferentially surrounds the corresponding

through hole.

[0007] In accordance with a second embodiment of the invention, a method of

manufacturing a circuit board assembly is provided that includes: providing a circuit board

having a through hole at least partially surrounded by solder; inserting a shaft for a

conductive pin into the through hole such that a cap for the conductive pin abuts the solder

wherein the through hole has a diameter sufficiently exceeding a diameter for shaft such

that the shaft is electrically isolated from a metal core for the circuit board, and wherein the

cap has an inner undercut portion surrounding the through hole and an outer remaining

portion abutting the solder; and heating the solder such that it reflows and electrically

couples the pin to a metal foil layer on the circuit board.

[0008] In accordance with a third embodiment of the invention, a flashlight is provided that

includes a flashlight head including a lens held by a bezel; a metal core circuit board

secured to the bezel, the circuit board including a light emitting diode (LED) for

illumination through the lens; and a battery housing for holding batteries for powering the

LED through a conductive path that includes a first conductive pin having a shaft extending

through a first through hole in the circuit board, the first conductive pin including a pin cap

abutting a principal surface of the circuit board adjacent the first through hole such that an

undercutting for the pin cap circumferentially surrounds the first through hole.

[0009] The scope of the invention is defined by the claims, which are incorporated into this

section by reference. A more complete understanding of embodiments of the present

invention will be afforded to those skilled in the art, as well as a realization of additional

advantages thereof, by a consideration of the following detailed description of one or more



embodiments. Reference will be made to the appended sheets of drawings that will first be

described briefly.

BRIEF DESCRIPTION OF THE FIGURES

[0010] Figure 1 is a longitudinal cross sectional view of a flashlight including a metal core

board transversed by undercut conductive pins in accordance with an embodiment of the

invention.

[0011] Figure 2 is a cross-sectional view of the metal core board of Figure 1 and the

associated LED and undercut conductive pins in accordance with an embodiment of the

invention.

[0012] Figure 3a is a cross-sectional view of a conductive pin transecting a metal core

board without any undercutting in accordance with an embodiment of the invention.

[0013] Figure 3b is a close-up cross-sectional view of the through hole and pin junction for

Figure 3a in accordance with an embodiment of the invention.

[0014] Figure 3c is a close-up cross-sectional view of the through hole and pin junction for

Figure 2 in accordance with an embodiment of the invention.

[0015] Figure 4 is a perspective view of a metal core board and associated LED and

undercut conductive pins in accordance with an embodiment of the invention.

[0016] Embodiments of the present invention and their advantages are best understood by

referring to the detailed description that follows. It should be appreciated that like

reference numerals are used to identify like elements illustrated in one or more of the

figures.

DETAILED DESCRIPTION



[0017] The following metal core circuit board configuration will be discussed with regard

to an example flashlight embodiment. However, it will be appreciated that such a

configuration can be widely applied to other applications besides flashlights where there is

a need to pass conductors through the metal core circuit board to electrically couple to the

printed foil layer. Turning now to the drawings, Figure 1 shows a longitudinal cross

section of a flashlight 100 including a battery housing 105 holding batteries 110.

[0018] A flashlight head 115 includes a bezel 120 holding a lens 125 and forming a

backing plate 130. A metal core circuit board 135 mounts to backing plate 130 so that heat

from an LED 140 may dissipate as discussed previously. To turn the flashlight on and off,

a user activates a switch 145. With the switch on, current from the batteries flows through

one or more conductive pins 150 to the LED.

[0019] In some embodiments, a single conductive pin 150 is sufficient in that a ground

connection to LED 140 is available through an appropriate coupling through the metal core

circuit board 135 to bezel 120 and from bezel 120 to battery housing 105 back to batteries

110. However, a ground connection through a second conductive pin as shown in Figure 2

may also be provided.

[0020] Additional conductive pins may be provided as necessary for coupling control

signals or other desired signals to circuits on metal core board 135. For example, Figure 2

illustrates an embodiment in which two conductive pins 150 pass through metal core board

135. Regardless of the number of desired pins, each pin 150 has a cap 200 and a shaft or

body 205. The diameter of pin shaft 205 is less than a diameter of corresponding through

holes 210 in metal core circuit board 135. For example, in one embodiment pin shaft 205

has a diameter of 40 mil (one-thousandth of an inch) but through hole 210 is 65 mil in

diameter. In this fashion, a clearance of approximately 12 mil circumferentially surrounds



pin shaft 205 when the shaft is centered in through hole 210 such that pin 150 is electrically

isolated from metal core circuit board 135.

[0021] Pin cap 200 is circumferentially undercut around pin shaft 205 such that an annular

portion 215 on an underside of cap 200 is also electrically isolated from metal core board

135. To provide an electrical coupling, some portion of cap 200 connects through solder to

a foil layer (discussed further with regard to Figure 3c) on metal core board 135. Thus, an

outer annulus 220 of cap 200 is not undercut to allow this electrical contact. In that regard,

one pin 150 may serve as the power source for LED 140 (as coupled through an

appropriate lead formed in the foil layer) whereas a remaining pin 150 acts as the ground

lead for LED 140.

[0022] Note the advantages of such a coupling to LED 140 - no insulation layer or sleeve

is necessary for through holes 210. Although an insulating sleeve is not necessary, metal

core circuit board 135 can include such sleeves if desired. For example, consider Figure

3a, which illustrates a conductive pin 300 extending though a metal core circuit board 305

and electrically isolated by a sleeve 310 (rather than just free space) without any

undercutting on a lower surface 314 of a pin cap 320.

[0023] As seen in the close-up view of Figure 3b, undersurface 314 for a cap 320 on pin

300 is electrically isolated from a metal core 306 in board 305 by a relatively-thin dielectric

coating 315. As discussed previously, such a dielectric layer isolates leads formed in a

printed foil layer on metal core boards from the conducting metal core. However, due to

the relative thinness of dielectric layer 315 (typically in a range of 1 to 3 mils), there is a

considerable risk of shorting through to metal core 306 at an edge 325 of layer 315.

[0024] For example, there may be minor defects along edge 325 that allow metal-to-metal

contact between cap 320 and metal core 306. Alternatively, the voltage between cap 320



and core 306 may cause arcing across such short distances. Thus, the mere presence of an

insulating sleeve 310 does not provide adequate isolation between cap 320 and core 306 at

edge 325 of dielectric layer 315 as compared to embodiments with a circumferential

undercutting on the pin cap as discussed with regard to Figure 2.

[0025] In that regard, consider the cross-sectional view of undercut cap 200 at the junction

with dielectric layer edge 325 as seen in Figure 3c. As discussed with regard to Figure 2,

cap 200 is undercut in annular region 215 such that only an outer annular non-undercut

region 220 has electrical contact with a printed foil layer 330 that overlays dielectric layer

315. Note that annular undercut region 215 for cap 200 is displaced from dielectric layer

315 by the depth of the undercutting and the thickness of foil layer 330.

[0026] In one embodiment, annular undercut region 215 is undercut to a depth of 5 mil.

Foil thickness may range from 3 to 5 mil such that the cap lower surface in annular

undercut region 215 is displaced from dielectric layer 315 by 8 to 10 mil in such an

embodiment. In contrast, as seen in Figure 3b, pin cap 300 without any undercutting is

merely isolated from metal core 306 by the (typically 1 to 3 mil) thickness of dielectric

layer 315. Accordingly, the undercutting for pin cap 200 substantially increases the

robustness with regard to preventing electrical shorts between the pin and the metal core.

[0027] A method for manufacturing circuit board 135 with pins 150 will now be discussed.

As seen in Figure 4, a solder mask 400 is deposited over the printed foil layer. Mask 400

has annular openings about through holes 210 so that an annular ring of solder/flux paste

may be placed around through holes 210 on the foil layer to eventually solder to

corresponding outer annular regions 220 of pin cap 200 discussed earlier. Solder/flux paste

is also laid down in an appropriate pattern for coupling to LED 140. The leads within



printed foil layer 330 that couple from pins 150 to LED 140 are underneath solder mask

400 in Figure 4 and are thus not visible.

[0028] The solder/flux paste will not only promote fusion but also is adhesive. Thus, when

pins 150 and LED 140 are placed onto the solder/flux paste layers, these components will

tend to adhere to metal core circuit board 135 before the solder is reflowed in a reflow

oven. For illustration purposes, a pin 150 is left unmounted in Figure 4.

[0029] To assist robotic placement of pins 150 into through holes 210, solder mask 400

may include one or more fiducials 405. Despite the presence of fiducials 405, there is

some tolerance with regard to an exact centering of each pin in a corresponding through

hole. Thus, it is desirable that the difference between the pin shaft diameter and the

through hole diameter accommodate this tolerance.

[0030] For example, suppose the tolerance is plus or minus 5 mil. If one desires at least a

5 mil separation between the pin shaft and the through hole wall, the through hole diameter

should be at least 20 mil greater than the pin shaft diameter to satisfy the desired

separation. In general, the diameter difference between the pin shaft and the through hole

will depend upon the tolerance provided by the placement method for centering the pins

within each through hole upon insertion.

[0031] After the pins and LED have been placed upon the circuit board, the resulting

assembly may be heated in a reflow oven such that the pins and LED are soldered to the

foil layer. In that regard, note that the solder ring surrounding through holes 210 in Figure

4 overlies a corresponding ring of metal formed in the printed foil layer. As the solder

melts in the oven, surface tension will thus tend to further center each pin in its respective

through hole. In this fashion, lower tolerances are accommodated with regard to an initial

centering of each pin by a robot.



[0032] It will be appreciated however that although an automated assembly lowers

manufacturing costs, the pins could also be placed manually in their corresponding through

holes. Referring back to Figure 1, the resulting circuit board assembly may be fastened to

the bezel backing plate 130 using, for example, thermally-conductive glue. To enable

convenient grasping of metal core circuit board 135 by a robotic arm during assembly,

board 135 includes recesses (or through holes) 410 as shown in Figure 4. A robotic arm

can thus insert fingers into recesses 410 to move metal core circuit board 135 such as when

metal core circuit board 135 is placed into a reflow oven, or when placed into the bezel

during later assembly.

[0033] Referring again to Figure 2, it may observed that to prevent electrical shorts to the

metal core beneath the dielectric layer, the undercut portion 215 need merely

circumferentially surround the pin shaft and have some sufficient width or lateral extent

such as 35 mil. This undercut need not form a circular annulus but such a shape is

naturally achieved through a rotating machining process such a lathe to form the undercut.

Similarly, the pin cap need not be circular but again such a shape is convenient. Pins 150

may be constructed of a suitable conductive metal such as brass, copper, or aluminum. To

aid in the establishment of electrical contact, pins 150 may be gold plated.

[0034] Embodiments described above illustrate but do not limit the invention. For

example, a manufacturing method was discussed with regard to a reflow soldering process

but it will be appreciated that other soldering techniques could be used to connect the pin

cap to the board's printed foil layer. Thus, it should also be understood that numerous

modifications and variations are possible in accordance with the principles of the present

invention. Accordingly, the scope of the invention is defined only by the following claims.



CLAIMS

I claim:

1. A circuit board assembly, comprising:

a metal core circuit board having a principal surface for mounted circuits and at

least one through hole extending between the principal surface and a backside surface of

the metal core circuit board; and

an at least one conductive pin, wherein each conductive pin includes a shaft

extending through a corresponding through hole and a pin cap abutting the principal

surface adjacent the corresponding through hole such that an undercutting for the pin cap

circumferentially surrounds the corresponding through hole.

2. The circuit board assembly of claim 1, wherein a non-undercut outer annulus for

each pin cap is soldered to a printed foil layer for the metal core circuit board.

3. The circuit board assembly of claim 2, further comprising a light emitting diode

(LED) circuit soldered to the printed foil layer.

4. The circuit board assembly of claim 1, wherein the at least one conductive pin

comprises two conductive pins and the at least one through hole comprises two through

holes such that a first one of the through holes corresponds to a first one of the pins and a

second remaining one of the through holes corresponds to a second remaining one of the

pins.



5. The circuit board assembly of claim 4, wherein each shaft pin has a diameter

smaller than a diameter for the corresponding through hole such that each shaft pin is

electrically isolated from a metal core for the circuit board.

6. The circuit board assembly of claim 5, wherein each pin shaft diameter is at least 5

mil less than each through hole diameter.

7. The circuit board assembly of claim 6, wherein each pin shaft diameter is at least 20

mil less than each through hole diameter.

8. The circuit board assembly of claim 3, wherein the circuit board assembly is

secured within a flashlight head.

9. The circuit board assembly of claim 8, wherein the circuit board assembly is

secured through a thermally-conductive glue.

10. A method of manufacturing a circuit board assembly, comprising:

providing a circuit board having a through hole at least partially surrounded by

solder;

inserting a shaft for a conductive pin into the through hole such that a cap for the

conductive pin abuts the solder wherein the through hole has a diameter sufficiently

exceeding a diameter for shaft such that the shaft is electrically isolated from a metal core

for the circuit board, and wherein the cap has an inner undercut portion surrounding the

through hole and an outer remaining portion abutting the solder; and



heating the solder such that it melts and electrically couples the pin to a metal foil

layer on the circuit board to form the circuit board assembly.

11. The method of claim 10, further comprising placing a circuit on a solder circuit pad

on the circuit board prior to the heating of the solder.

12. The method of claim 11, wherein the melting of the solder electrically couples the

circuit to the pin.

13. The method of claim 12, wherein the circuit includes a light emitting diode (LED).

14. The method of claim 11, further comprising securing the circuit board assembly to a

flashlight bezel.

15. The method of claim 11, wherein securing comprises gluing the circuit board

assembly to a backing plate on the bezel with thermally-conductive glue.

16. A flashlight, comprising:

a flashlight head including a lens held by a bezel;

a metal core circuit board secured to the bezel, the circuit board including a light

emitting diode (LED) for illumination through the lens; and

a battery housing for holding batteries for powering the LED through a conductive

path that includes a first conductive pin having a shaft extending through a first through

hole in the circuit board, the first conductive pin including a pin cap abutting a principal



surface of the circuit board adjacent the first through hole such that an undercutting for the

pin cap circumferentially surrounds the first through hole.

17. The flashlight of claim 16, wherein the conductive path further includes a second

conductive pin having a shaft extending through a second through hole in the circuit board,

the second conductive pin including a pin cap abutting the principal surface of the circuit

board adjacent the second through hole such that an undercutting for the pin cap

circumferentially surrounds the second through hole.

18. The flashlight of claim 17, wherein each pin cap include a non-undercut outer

annulus soldered to a printed foil layer for the circuit board.

19. The flashlight of claim 17, wherein each pin shaft has a diameter smaller than a

diameter for the corresponding through hole such that each shaft pin is electrically isolated

from a metal core for the circuit board.

20. The flashlight of claim 19, wherein the conductive path further includes a switch.
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