WO 2005/086607 A2 || 0000000 0 000 O A

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

(19) World Intellectual Property
Organization
International Burcau

(43) International Publication Date

AT OO

(10) International Publication Number

22 September 2005 (22.09.2005) PCT WO 2005/086607 A2
(51) International Patent Classification: Not classified [JP/SG]; No 3 Jalan Membina, #07-05 Central Green, Sin-
gapore 169480 (SG).
(21) International Application Number:
PCT/SG2005/000058 (74) Agent: GREENE-KELLY, James, Patrick; Lloyd Wise,

(22) International Filing Date: 28 February 2005 (28.02.2005)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

200401460-1 15 March 2004 (15.03.2004) SG

(71) Applicant (for all designated States except US): OLYM-
PUS TECHNOLOGIES SINGAPORE PTE LTD
[SG/SG]; 41 Science Park Road, #04-17/18 The Gemini,
Singapore Science Park II, Singapore 117610 (SG).

(72) Inventor; and
(75) Inventor/Applicant (for US only): KABEYA, Akifumi

Tanjong Pagar, P.O. Box 636, Singapore 910816 (SG).

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

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

[Continued on next page]

(54) Title: A PORTABLE ELECTRONIC DEVICE

[{a]e)

(57) Abstract: A portable electronic device is disclosed
in which an LCD (140) and a PCB (130) of the device are
mounted on to first and second opposed sides of an internal
frame. The internal frame has a stiffness chosen to suppress the
distortion of the LCD and vibration of the PCB (140) resulting
from a shock. A battery (170) is mounted onto the PCB (140)
such that the internal frame supports the LCD (140) on one
side and the PCB (130) with the battery mounted on it on the
opposite side.



WO 2005/086607 A2 I} }1I Y N]VYH) AT 0000 00 0 00 AR

European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, Published:

FR, GB, GR,HU, IE, IS, IT, LT, LU, MC, NL,, PL, PT, RO, —  without international search report and to be republished
SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, upon receipt of that report

GQ, GW, ML, MR, NE, SN, TD, TG).

For two-letter codes and other abbreviations, refer to the "Guid-
Declaration under Rule 4.17: ance Notes on Codes and Abbreviations" appearing at the begin-
—  of inventorship (Rule 4.17(iv)) for US only ning of each regular issue of the PCT Gazette.



WO 2005/086607 PCT/SG2005/000058

A portable electronic device

Field of the Invention

The present invention relates to the field of portable electronic devices more

particularly to the shock-resistance of such devices,

Background of the Invention

With the miniaturisation of electronic components and the introduction of
lightweight flat panel displays, portable electronic devices such as PDAs, cell
phones and digital cameras continue to become more widespread as they
shrink in size while incorporating additional features at the same time.
However, one of the main problems facing the manufacturers of portable
electronic devices is that', being portable, the devices are prone to being
dropped or otherwise knocked in use, with the resulting shock to the
components being a major cause of damage to and failure of such portable
electronic devices. Therefore, it is desirable that portable electronic devices
have some degree of shock resistance so that they do not fail when dropped

or knocked.

Generally, the working components (e.g. LCD, memory devices, battery) of a
portable electronic device are contained within an external housing which
serves as physical protection for the components. However, even with an
external housing, it is a problem that failure of the componenfs in the housing
can still occur if the housing is subjected to a force, not only where the
housing itself breaks, but also in some cases even if the housing remains

intact

- It is an object of the invention to provide a portable electronic device which

alleviates this problem and/or provides the general public with a useful choice.
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Summary of the Invention

According to the invention in a first aspect, there is provided a portable
electronic device comprising: a housing; a frame internal of the housing; a
printed circuit board and a display mounted on and supported by the frame,
the frame having a stiffness and/or a spring constant higher than that of the

circuit board or the display.

Preferably, the printed circuit board is mounted on a first side of the frame and

the display is mounted on the‘second opposing side of the frame.

A battery which is preferably of flat or pancake-like dimensions may be
mounted on the frame, preferably be being affixed to the printed circuit board.
Where the battery has a plurality of sides of differing surface area, the side of
largest surface area is preferably affixed to the printed circuit board.

The frame preferably forms a backbone for the components mounted thereon.

The frame may be formed from metal, preferably a magnesium alloy or may
be formed from a non-metallic material such as Fibre Reinforced Plastic or
Carbon Fibre Reinforced Plastic.

The display is preferably a liquid crystal display.

According to the invention in a second aspect, there is provided a portable
electronic device comprising a housing; a printed circuit board and a battery
disposed within the housing, wherein the battery is attached to the printed
circuit board to provide support for the printed circuit board.
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The invention of the second aspect preferably includes a frame, to which the
circuit board is attached, the frame may be stiffer than the circuit board and
the frame and battery may be attached to opposed sides of the circuit board.

In the described embodiment of the present invention, a frame internal to the
housing of a portable electronic device is provided. The internal frame is of
substantial stiffness and functions as a backbone which supports .working
components mounted on the frame, in particular a display and a pcb. This
approach departs from conventional designs, where in order to minimise the
size of the portable electronic device, the external housing is used as an
exoskeletal structure providing most of the support for the device components
and a mounting structure for fastening together the various components
comprising the device.

Brief Description of the Drawings

An embodiment of the invention will now be described, by Way of example,

with reference to the accompanying drawings in which:

Figure 1 is a cross-sectional view of an embodiment of the invention, being a

personal data assistant (PDA) fitted with an internal frame;

Figure 2 is an exploded three-dimensional view.of the embodiment of Figure
1.

Detailed Description of the Preferred Embodiment of the Invention

Portable electronic device manufacturers have conventionally tried to improve
device shock resistance by improving the properties of the external houéing
material. However, although the external housing shields the working
components from direct impact, the inventors have found that shock pulses
arising from an impact are not fully absorbed or dissipated bv the housina but
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get transmitted through to the components. This leads to a problem with
external housing design. On the one hand it is desirable to have a more rigid
housing to withstand shdcks, but on the other hand, the more rigid the
external housing is, the lesser the ability .of the housing to absorb and damp
shock load.

The inventors have recognised that shock load transmitted through a hoUsing
can contribute to the failure of portable electronic devices. In particular, the
inventors have identified two additional failure modes arising from transmitted
shock load. Firstly, the transmitted shock load can cause distortion of the
housing , which distortion is transmitted to the working components in a
portable electronic device.. Since LCDs are generally brittle and exhibit very
poor elastic limits, distortion can result in fracture or multi-hued distortion
(called rainbowiﬁg) of the LCD. Secondly, the transmitted shock pulses can
cause vibration waves to be set up in the housing, which are transmitted to
the components. PCBs are particularly vulnerable to vibration in view of the
many soldered joints between components which can easily be dislodged
resulting in failure.

The embodiment of the present invention addresses these additional modes
of failure to provide another means of shock resistance other than an external
housing

Figures 1 and 2 illustrate a portable electronic device 100 in accordance with
one embodiment of the invention. In this embodiment a rigid internal frame
150 is provided. The frame has a peripheral oblong frame member and one
cross-member both of ‘L'-shape cross-section and includes threaded
openings to receive screws to allow attachment of components of the device.
The internal frame 150 supporis a LCD 140 and a PCB 130 which includes
processing circuitry of the device and driving circuitry. The LCD and PCB are

securely mounted onto the internal frame by screws or suchlike. In the
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preferred embodiment shown in Figures 1 and 2, the LCD and PCB are
mounted on opposed sides of the frame. The internal frame serves as a
“backbone” to the components to lower the likelihood of failure and therefore
improve the shock resistance of the PDA by suppressing the distortion of the
LCD and reducing the amplitude of vibration of the PCB during a shock -
event. In order to provide adequate support for the LCD and PCB during a
shock, the internal frame has to be stiffer and/or have a higher spring constant
than the components it is supporting. In general, the higher spring constant k
the frame has,-the better it's ability to suppress distortion of the LCD and
resist vibration.

In one embodiment, the internal frame is made from a magnesium (Mg) alloy
such as AZ91D, a commonly used magnesium alloy for thixotropic die
casting, includes 9% of Al and 1% of Zn. which is relatively lightweight and
has higher strength/sﬁffness. Other transition metal alloys such as Al and Ti
may be used as can non- metals, e.g. FRP (Fibre Reinforced Plastic) or
CFRP (Carbon Fibre Reinforced Plastic).

The stiffness required would also depend on the environment where the .
portable device is to be used. Generally industrial devices are subjected to
more stringent standards and the portable devices designed for use in an
industrial environment would' have to survive higher shocks. Therefore,

industrial portable electronic devices generally require stiffer internal frames.

The resulting combination of the PCB 130, internal frame 150 and LCD 140
gives rise to a unitary structure wherein the movements of the components
are, essentially, synchronised. By making the movements of the components
more predictable, it is easier for designers o model and optimise the shock
response behaviour of the components, which in turn means designers can
optimise and thus reduce) the size of the frame for a given shock resistance.
The described embodiment also has the advantage of combining shock
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protection for several components on one structure. By eliminating the need
to have separate shock proteqtion structures for the LCD and the PCB, further
miniaturisation of the whole device is facilitated.

As shown in Figures 1 and 2, the working components .of the PDA are
contained within an external protective housing comprising a top housing 101
- and a bottom housing 120 which are sealed together through a main gasket
190. Three openings are provided on the top housing: one for viewing the
LCD screen, one for housing the key pad 110 and one for receiving the 1/0
port 180. In one embodiment, the internal frame 150 (with the PCB 130 and
LCD 140 mounted on opposed sides of the frame) is securely mounted onto
the top housing 1 (e.g. by screws or other fastening means) to form a larger
unitary structure. The touch panel 111 is applied to the LCD and enwrapped
by the display gasket 160 together with the LCD integrally. In this
embodiment, the display gasket is formed from rubber material and is chosen
such that they help to dampen any shock by absorbing some of the shock
energy arising from the impact and also to seal the water around the opening
for LCD screen at the same time. This improves th'e shock absorption
characteristics of the housing as a whole so that the shock transmitted to the. .

internal components such as the LCD and circuit board can be reduced.

In a portable electronic device, the LCD and the battery are typically the main
components that have a large volume and heavy weight. In conventional
portable electronic devices, the battery is mounted next to the PCB or in a |
separate compartmeht. In one embodiment of the present invention, the
strength and spring constant of the unitary structure comprising the PCB 3,
internal frame 150 and LCD 140 is increased by attachment of a battery 170
to the PCB 130, preferably by adhesive. In this embodiment, the battery 170
is mounted onto the PCB 130 such that the internal frame 150 and battery
170 together sandwich and support the PCB. By mounting the battery on the
PCB, the vibration and distortion of the PCB is limited not only by the internal
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frame which supports on one side but also the battery which is mounted on

the other side.

Preferably the battery is of flat or pancake-like dimensions, with the face of
the battery of largest surface area being attached to the PCB to provide

support over as large a surface area of the PCB as possible.

One additional advantageous effect of connecting the LCD, battery, PCB and
frame together in a unitary structure is that the structure will have a single
identifiable centre of gravity. This allows the relative placement of the
components to be chosen to position the centre of gravity relative to the
housing to minimize the effects of shock. Generally having the centre of
gravity of the unitary structure and the housing the same or similar will reduce
the effects on the unitary structure of a shock applied to the housing.

The embodiment of the invention described is not to be construed as
limitative. For example, although the figures illustrate the invention as applied
to a PDA, the inventfon is also relevant to any other types of portable
electronic. devices having a display for example and without limitation to
transmitting and/or receiving devices such as cell phones, optical devices
such as digital cameras, measuring and sensing devices such as electronic
cable finders and spirit levels, portable data processing devices such as
computers and apparatus for processing sounds and/or images, such as

portable dvd players or televisions.

The battery need not be mounted on the pcb but can be disposed separately
in the housing. The LCD and PCB can be mounted onto the same side of the
internal frame, next to each other or with the LCD being mounted on the PCB

in a sandwich arrangement.
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8
Claims
1. A portable electronic device comprising:
a housing;

a frame internal of the housing;
a printed circuit board and a display mounted on and supported by the frame,
the frame having a stiffness and/or a spring constant higher than that of the

circuit board or the display.

2. A portable electronic device as claimed in claim 1, wherein the printed
circuit board is mounted on a first side of the frame and the display is

mounted on the second opposing side of the frame:

3. A portable electronic device as claimed in claim 1, further comprising a
battery mounted on the frame.

4, A portable electronic device as claimed in claim 3, wherein the battery
is mounted onto the frame by being affixed to the printed circuit board.

5. A portable electronic device as claimed in claim 4, wherein the battery
has a plurality of sides of differing surface area and the side of largest surface

area is affixed to the printed circuit board.

6. A portable electronic device as claimed in claim 4 or claim 5 wherein
the battery is of flat or pancake-like dimensions
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7. A portable electronic device as claimed in any one of the preceding
claims wherein the frame forms a backbone for the components mounted

thereon.

8. A portable electronic device as claimed in any one of the preceding

claims wherein the frame is formed from metal.

9. A portable electronic device as claimed in claim 8 wherein the metal is

a magnesium alloy.

10. A portable electronic device as claimed in any one of claims 1-7

wherein the frame is formed from a non-metallic material.

11. A portable electronic device as claimed in claim 10 wherein the frame

is formed from Fibre Reinforced Plastic or Carbon Fibre Reinforced Plastic.

12. A portable electronic device as claimed in any one of the preceding

claims wherein the display is a liquid crystal display.

13. A portable electronic device comprising

a housing; .

a printed circuit board and a battery disposed within the housing, wherein the
battery is attached to the printed circuit board to provide support for the

printed circuit board.

14. A device as claimed in claim 13 further comprising a frame, to which
the circuit board is attached.

15. A device as claimed in claim 14 wherein the frame and battery are
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10

16. A device as claimed in claim 15 or claim 16 wherein the frame is stiffer
than the circuit board.
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Figure 2
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