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CHASSIS OF ELECTRONIC DEVICE

BACKGROUND

l. Field

Embodiments may relate to a chassis for an electronic device.

2. Background

An electronic device may utilize a charging system in order to perform operations, such as
charging a battery, providing a display image, etc. However, disadvantageous leakage current

may Occur.

BRIEF DESCRIPTION OF THE DRAWINGS

Arrangements and embodiments may be described in detail with reference to the following
drawings in which like reference numerals refer to like elements and wherein:

FIG. | shows a charging system of an clectronic device according to an example
arrangement;

FIG. 2 shows a power adapter (or brick) according to an example arrangement;

FIG. 3 shows a chassis and a charging system according to an example arrangement;

FIG. 4 shows a chassis according to an example embodiment;

FIG. 5 shows a capacitive device according to an example embodiment;

FIG. 6 is a diagram to show an embodiment having reduction of leakage current according
to an example embodiment; and

FIG. 7 is a diagram of a chassis according to an example embodiment.

DETAILED DESCRIPTION
In the following detailed description, like numerals and characters may be used to
designate identical, corresponding and/or similar components in differing drawings. Further, in
the detailed description to follow, example sizes/models/values/ ranges may be provided

although embodiments are not limited to the same. Where specific details are set forth in order to
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describe example embodiments, it should be apparent to one skilled in the art that embodiments
may be practiced without these specific details.

Embodiments may relate to a metal-insulator-metal (MIM) chassis structure (or chassis)
for an electronic device. The chassis structure may reduce leakage current when the electronic
device is coupled to a charging system, such as a charging system having an alternate current
(AC) power adapter (or AC brick).

The electronic device may be any one of a mobile terminal, a mobile device, a mobile
computing platform, a mobile platform, a laptop computer, a tablet, an ultra-mobile personal
computer, a mobile Internet device, a smartphone, a personal digital assistant, a display device, a
television (TV), etc. For case of discussion, embodiments may be described with respect to a
laptop computer. However, other implementations may also be provided.

An AC power adapter (or an AC brick) may be specifically designed to meet safety
regulations. As one example, an AC power adapter may be designed to minimize leakage current
from an AC power source.

Due to leakage current, a user may feel a tingling sensation when the AC power adapter is
connected to a chassis of the electronic device and the user touchesthe chassis. In this situation,
the leakage current may pass through the body of the user to a ground (or an earth ground). This
may hereafter be referred to as a tingling effect.

FIG. | shows a charging system of an clectronic device according to an example
arrangement. Other arrangements and configurations may also be provided. The features of FIG.
1 may also be considered an apparatus, a system and/or an electronic device.

More specifically, FIG. 1 shows a power source 10 (or power supply), a power adapter 20
(or brick) and an electronic device 30. The power source 10 may be an AC power source, for
example. The power adapter 20 may be called an AC brick to provide power to the electronic
device 30. The power adapter 20 may receive power from a power source.

The electronic device 30 may include a wireless charger, a battery charger, a voltage
regulator, a battery, a battery port and/or a load. The load may include a processor, a display, a
speaker, ctc. Other components may also be provided at the clectronic device 30. Various
circuits and components may be provided on a circuit board within the electronic device 30. The

circuit board may receive a plurality of electrical components. The circuit board may have a
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ground area. The circuit board of the clectronic device may be grounded to a chassis of the
clectronic device 30 to achieve better electromagnetic compatibility (EMC) and electrostatic
discharge (ESD) performance for the charging system in FIG. 1.

FIG. 2 shows a power adapter according to an example arrangement. Other arrangements
may also be provided. The power adapter may also be called a brick, such as an AC brick.

FIG. 2 shows that an AC voltage Vin (or AC power) may be received from the power
source, such as the power source 10. The power adapter 20 may include a rectifier bridge 22, a
transformer 24, a first capacitor 25 and a second capacitor 26. Other components may also be
provided, such as a switch and a diode. The power adapter 20 may provide an output voltage Vo
based on the input AC voltage. Other types of power adapters may also be used.

The first capacitor 25 may also be called a Y capacitor, which may be named as Cy.

FIG. 3 shows a chassis (or an electronic device) and a charging system according to an
example arrangement. Other arrangements and configurations may also be provided.

FIG. 3 shows the power source 10, the power adapter 20 and a chassis 100 (of the
electronic device 30). The chassis 100 may form an outer surface of the electronic device 30. In
this example, the chassis 100 may be formed of a metal and/or a metal layer. The chassis 30 may
provide a structural support of components.

As shown in FIG. 3, a circuit board 110 (or motherboard) may be provided within the
chassis 100 (or at the chassis 100). The circuit board 110 may receive power from the power
adapter 20 or from an intemal battery of the electronic device. Numerous circuits and
components may be provided on the circuit board 110 in order to perform operations of the
electronic device 30. The circuit board 110 may include a ground (or ground area) in order to
provide a power return path and signals reference plane.

As shown in FIG.3, the circuit board 110 may be coupled to the chassis 100. As one
example, the ground area of the circuit board 110 may be clectrically connected by a wire 112 to
the chassis 100. The chassis 100 may thereby serve as a ground to power components (or
clectrical components) within the electronic device 30.

During operation of the clectronic device, leakage current may occur based on AC power
from the power source 10 and the power adapter 20 (or AC brick). For example, when the power

adapter 20 is a two prone AC brick, then current may leak through a capacitor 25 (Cy) provided
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inside the power adapter 20 (i.e., the brick) to the ground(or ground area) of the circuit board 110.
From the ground of the circuit board 110, current may be conducted to a metal surface (of the
chassis 100) and through a body of the user to an earth ground.

Increasing an impedance of the current path may improve the leakage current. One
example to increase the impedance is to reduce a value of the capacitor 25 (Cy). However, the
capacitor 25 (Cy) may be designed for mitigating conductive electromagnetic interference (EMI)
noise for the AC brick 20, so too much reduction of Cy may cause EMI performance to suffer.
Another way to reduce leakage current is to provide an additional shield for the transformer (of
the power adapter) that: 1) increases transformer complexity, 2) consumes lots of time for shield
optimization, and 3) requires extremely consistent transformer manufacturing. However, the cost
for these features may be high.

FIG. 4 shows a chassis according to an example embodiment. Other embodiments and
configurations may also be provided. The chassis may be a chassis of an electronic device.

As shown in FIG. 4, the circuit board 110 (or motherboard) of the clectronic device may be
provided within the chassis 100. Numerous circuits and components may be provided on the
circuit board 110 (or at the circuit board) to perform various operations of the electronic device
30. The circuits and/or components may receive input power from the power adapter 20, for
example. The circuit board 110 may include a ground area (or arcas) in order to provide a proper
power flow. FIG. 4 shows ground areas 115, 116 and 117, which may be commonly coupled
together.

In at least one embodiment, a capacitive device 150 may be provided at the chassis 100 in
order to couple to the ground arca 115 of the circuit board 110. The capacitive device 150 may
be referred to as a metal-insulator-metal device, a chassis structure and/or a capacitor.

In at least one embodiment, a plurality of capacitive devices may be provided at the chassis
100 at any of a plurality of different areas of the chassis 110. Each of the plurality of capacitive
devices may be clectrically coupled to ground of the circuit board 110. FIG. 4 shows the
capacitive devices 150, 160, 170 at cach of a plurality of different arcas of the chassis 100.

The capacitive devices 150, 160, 170 may reduce leakage current. For example, the
capacitive device 150 may be connected between the ground area 115 of the circuit board 110

and an inner surface of the chassis 100. The capacitive device 150 may be coupled to the ground
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arca 115 of the circuit board 110 by a wire 151,a metal screw,a metal spring, an electrical
connecting device, etc.

The capacitive device 160 may be connected between the ground area 116 of the circuit
board 110 and an inner surface of the chassis 100. The capacitive device 160 may be coupled to
the ground area 116 of the circuit board 110 by a wire 161, for example.

The capacitive device 170 may be connected between the ground area 117 of the circuit
board 110 and an inner surface of the chassis 100. The capacitive device 170 may be coupled to
the ground area 117 of the circuit board 110 by a wire 171, for example.

In at least one embodiment, only one capacitive device may be provided at the chassis 100.
The one capacitive device may be electrically coupled to the ground area of the circuit board 110.

FIG. 5 shows a capacitive device according to an example embodiment. Other
embodiments and configurations may also be provided. FIG. 5 will be discussed with respect to
the capacitive device 150, although the structures, configurations and embodiments may be
applied to other capacitive devices.

FIG. 5 shows the capacitive device 150 includes a first metal layer 152, an insulating layer
154 and a second metal layer 156 (or connecting metal layer). The insulating layer 154 may be
provided between the first metal layer 152 and the second metal layer 156.

The first metal layer 152 may be a metal layer that forms an inner surface of the chassis
100.

The second metal layer 156 may be coupled to the ground area of the circuit board 110 by
the wire 151, for example. The second metal layer 156 is separated from an inner surface (i.c.,
the first metal layer 152) of the chassis 100 by the insulating layer 154. The essence of this
structure is to form one equivalent capacitor. An area of the first metal layer 152 and the second
metal layer 156 may be identical or may be different. A height, an area and a dielectric constant
of the insulating layer may be intentionally selected to achieve desired capacitance formed by the
capacitive device 150.

FIG. 6 is a diagram to show an embodiment having reduction of leakage current according
to an example embodiment. Other embodiments and configurations may also be provided. In this

diagram, the human body may be modeled as a capacitor Cload.
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When the chassis 100 includes the capacitive device (i.e., a MIM structure), then the
current path of the input voltage may include the capacitive device 115 that may increase a total
impedance. The leakage current may be reduced by designing the capacitive device (or Cz) such
that leakage current may be controlled.

FIG. 7 shows a chassis according to an example embodiment. Other embodiments and
configurations may also be provided.

In at least one embodiment, a capacitor 200 may be provided at the chassis 100 in order to
couple to a ground area of the circuit board. The capacitor 200 may physically couple between a
ground area 211 of the circuit board 110 and an inner surface of the chassis 100. The capacitor
200 may be considered a capacitive device.

Embodiments may include an electronic device having a metal-insulator-metal (MIM)
chassis. The inner metal layer (or first metal layer 152) of the chassis 100 may be metallic.
However, the inner metal layer is not connected to a ground area of the circuit board 100. The
connecting metal layer (or the second metal layer 156) of the chassis 100 may be connected to
the ground arca of the circuit board 110 in order to provide EMI shielding and Electrostatic
Discharge (ESD) buffer requirement.

When an electrostatic discharge occurs to the electronic device having thesecond metal
layer 156, energy may divert to the capacitive device, and more specifically to the second metal
layer 156. The accumulated charges on the second metal layer 156 may then be gradually
discharged. The second metal layer 156 may be called an ESD reservoir to temporarily store
ESD energy and improve system ESD robustness.

Embodiments may provide a method of reducing leakage current by not including
motherboard ground connections from the chassis ground. A capacitive device may be provided
between the chassis ground and motherboard ground.

The MIM chassis may be obtained by coating an insulation layer (i.e., the insulating layer
154) on a metal chassis (i.e., the first metal layer 152) and following with another metal layer
coating (i.c., the second metal layer 156). The MIM chassis arca may be optimized to meet both
EMIESD and leakage current requirement. Multiple capacitive devices may be provided on
multiple distributed areas of the chassis. On the other hand, one capacitive device may be

providedon one large dedicated area of the chassis.
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Embodiments may be used for future wireless charging technology that some portion of the
chassis has to be an active clectrode or a coil. Additional shiclds or power rails may be designed
in the MIM chassis structure. Wireless antennas may also be developed on the MIM chassis. A
value of the capacitive device (i.e., the capacitor Cz) may be fine tuned by a coating area, and a
selected material of an insulation layer with required dielectric constant.

The following examples pertain to further embodiments.

Example 1 is a chassis of an clectronic device comprisinga first metal layer to form an
inner surface of the chassis, an insulating layer on the first metal layer, anda second metal layer
on the insulating layer, the insulating layer to be between the first metal layer and the second
metal layer, and the second metal layer to be connected to a ground area of a circuit board.

In Example 2, the subject matter of Example 1 can optionally include the insulating layer
to be provided at a plurality of areas on the first metal layer.

In Example 3, the subject matter of Example 1 can optically include the second metal layer
to be provided on the insulating layer at the plurality of areas.

In Example 4, the subject matter of Example 1 can optionally include the second metal
layer to be connected to the ground area of the circuit board by a wire.

In Example 5, the subject matter of Example 1 can optionally include the second metal
layer to be connected to the ground area of the circuit board by an electric connecting device.

In Example 6, the subject matter of Example 1 can optionally include the circuit board to
receive power from a power source.

In Example 7, the subject matter of Example 1 can optionally include the first metal layer,
the insulating layer and the second metal layer to form a capacitive device.

Example § is an clectronic device to receive power comprisinga circuit board to receive
power, and to have a ground area, and a chassis to provide a structural support of components,
the chassis to have a first metal layer to form an inner structure of the chassis, an insulating layer
on the first metal layer, and a second metal layer on the insulating layer, and an electric
connecting device to connect the ground arca of the circuit board to the second metal layer.

In Example 9, the subject matter of Example 8 can optionally include the chassis to include

a plurality of insulating layers at a plurality of areas on the first metal layer.
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In Example 10, the subject matter of Example 9 can optionally include the chassis to
include a plurality of second metal layers on the plurality of insulating layers.

In Example 11, the subject matter of Example 9 can optionally include a plurality of wires
to be connected between the ground arca of the circuit board and the plurality of second metal
layers.

In Example 12, the subject matter of Example 10 can optionally include a plurality of
electric connecting devices to be connected between the ground area of the circuit board and the
plurality of second metal layers.

In Example 13, the subject matter of Example 8 can optionally include the first metal layer,
the insulating layer and the second metal layer to form a capacitive device.

Example 14 is an electronic device to receive power comprising:a circuit board to receive a
plurality of electrical components, and the circuit board to have a ground areca, an inner metal
layer to form an inner structure of the clectronic device, a first insulating layer on a first portion
of the inner metal layer, anda first connecting metal layer on the first insulating layer, the first
connecting metal layer to be connected to the ground area of the circuit board.

In Example 15, the subject matter of Example 14 can optionally include a second
insulating layer on a second portion of the inner metal layer.

In Example 16, the subject matter of Example 15 can optionally include a second
connecting metal layer on the second insulating layer, the second connecting metal layer to be
connected to the ground area of the circuit board.

In Example 17, the subject matter of Example 16 can optionally include the first
connecting metal layer to be connected to the ground area of the circuit board by a wire.

In Example 18, the subject matter of Example 15 can optionally include the first
connecting metal layer to be connected to the ground area of the circuit board by an electric
connecting device.

In Example 19, the subject matter of Example 14 can optionally include the first
connecting metal layer to be connected to the ground area of the circuit board by a wire.

In Example 20, the subject matter of Example 14 can optionally include the first
connecting metal layer to be connected to the ground area of the circuit board by an electric

connecting device.
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In Example 21, the subject matter of Example 14 can optionally include the circuit board to
receive power from a power source.
In Example 22, the subject matter of Example 14 can optionally include the inner metal

layer, the first insulating layer and the first connecting metal layer to form a capacitive device.

2% < 2% <

Any reference in this specification to “one embodiment,” “an embodiment,” “example
embodiment,” ectc., means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment. The appearances of
such phrases in various places in the specification are not necessarily all referring to the same
embodiment. Further, when a particular feature, structure, or characteristic is described in
connection with any embodiments, it is submitted that it is within the purview of one skilled in
the art to affect such feature, structure, or characteristic in connection with other ones of the
embodiments.

Although embodiments have been described with reference to a number of illustrative
embodiments thereof, it should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that will fall within the spirit and scope of
the principles of this disclosure. More particularly, various variations and modifications are
possible in the component parts and/or arrangements of the subject combination arrangement
within the scope of the disclosure, the drawings and the appended claims. In addition to

variations and modifications in the component parts and/or arrangements, alternative uses will

also be apparent to those skilled in the art.
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WHAT IS CLAIMED IS:

1. A chassis of an electronic device comprising:
a first metal layer to form an inner surface of the chassis;
an insulating layer on the first metal layer; and
a second metal layer on the insulating layer, the insulating layer to be between the
first metal layer and the second metal layer, and the second metal layer to be connected to a

ground area of a circuit board.

2. The chassis of claim 1, wherein the insulating layer to be provided at a plurality of

arcas on the first metal layer.

3. The chassis of claim 1, wherein the second metal layer to be provided on the

insulating layer at the plurality of areas.

4. The chassis of claim 1, wherein the second metal layer to be connected to the

ground area of the circuit board by a wire.

5. The chassis of claim 1, wherein the second metal layer to be connected to the

ground area of the circuit board by an electric connecting device.

6. The chassis of claim 1, wherein the circuit board to receive power from a power

source.

7. The chassis of claim 1, wherein the first metal layer, the insulating layer and the

second metal layer to form a capacitive device.

8. An electronic device to receive power, comprising:

a circuit board to receive power, and to have a ground area; and

10
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a chassis to provide a structural support of components, the chassis to have a first
metal layer to form an inner structure of the chassis, an insulating layer on the first metal layer,
and a second metal layer on the insulating layer, and

an electric connecting device to connect the ground area of the circuit board to the

second metal layer.

9. The electronic device of claim 8§, wherein the chassis to include a plurality of

insulating layers at a plurality of areas on the first metal layer.

10.  The electronic device of claim 9, wherein the chassis to include a plurality of

second metal layers on the plurality of insulating layers.

1. The clectronic device of claim 10, further comprising a plurality of wires to be

connected between the ground area of the circuit board and the plurality of second metal layers.

12.  The electronic device of claim 10, further comprising a plurality of electric
connecting devices to be connected between the ground area of the circuit board and the plurality

of second metal layers.

13.  The electronic device of claim 8§, wherein the first metal layer, the insulating layer

and the second metal layer to form a capacitive device.

14.  An clectronic device to receive power, comprising:
a circuit board to receive a plurality of electrical components, and the circuit
board to have a ground area;
an inner metal layer to form an inner structure of the electronic device;
a first insulating layer on a first portion of the inner metal layer; and
a first connecting metal layer on the first insulating layer, the first connecting

metal layer to be connected to the ground area of the circuit board.

11
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15.  The electronic device of claim 14, further comprising a second insulating layer on

a second portion of the inner metal layer.
16.  The electronic device of claim 15, further comprising a second connecting metal
layer on the second insulating layer, the second connecting metal layer to be connected to the

ground area of the circuit board.

17.  The electronic device of claim 16, wherein the first connecting metal layer to be

connected to the ground area of the circuit board by a wire.

18.  The electronic device of claim 15, wherein the first connecting metal layer to be

connected to the ground area of the circuit board by an clectric connecting device.

19. The clectronic device of claim 14, wherein the first connecting metal layer to be

connected to the ground area of the circuit board by a wire.

20. The clectronic device of claim 14, wherein the first connecting metal layer to be

connected to the ground area of the circuit board by an clectric connecting device.

21. The electronic device of claim 14, wherein the circuit board to receive power

from a power source.

22. The clectronic device of claim 14, wherein the inner metal layer, the first

insulating layer and the first connecting metal layer to form a capacitive device.

12
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