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KEYBOARD DESIGN

BACKGROUND OF THE INVENTION
Field of the Invention
[0001] The described embodiments relate generally to peripheral devices for
use with computing devices and similar information processing devices. More
particularly, the present embodiments relate to keyboards and keyboard
assemblies and methods of assembling such keyboard assemblies. A keycap
assembly can prevent backlight leakage and provide a more evenly distributed
halo to improve the functionality and aesthetic appearance of the keyboard
assembly.
Description of the Related Art
[0002] The outward appearance, as well as functionality, of a computing
device and its peripheral devices is important to a user of the computing device.
One design challenge associated with these devices, especially with backlit
keyboards, is the difficulty balancing the desirability of providing backlight for a
keyboard with controlling a halo effect around keys to improve user
functionality as well as preventing backlight leakage (direct sighting of the
backlight light source).
[0003] Therefore, it would be beneficial to provide a backlit keyboard
mechanism comprising a keycap assembly for controlling the halo effect and for
preventing backlight leakage. Such a keyboard can be used in the dark and
preventing the direct light leakage also allows the key legend and halo brightness
and contrast to be controlled more precisely. Prevention of direct sighting of the
keyboard backlight light source by the user therefore would improve both
aesthetics and performance.
SUMMARY OF THE DESCRIBED EMBODIMENTS
[0004] This paper describes various embodiments that relate to systems,
methods, and apparatus for providing a backlit keyboard that with controlled
halo brightness and contrast.
[0005] Inone embodiment, a backlit keyboard assembly includes a keycap
assembly mounted in a case web at an aperture formed by intersecting ribs of

the case web. The keycap assembly has a flange around a perimeter of the
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bottom of the keycap and an internal stopping mechanism for stopping the
keycap at a designed height. Each rib has a case web flange having a geometry
corresponding to that of the keycap flange, and the keycap flange and the case
web flange do not contact each other. When the internal stopping mechanism
stops the keycap at the designed height, an overlap between the keycap flange
and case web flange prevents direct visibility of a backlight light source by a user
allowing a legend and halo brightness and contrast to be controlled more
precisely.

[0006] Inanother embodiment, a keyboard is described. The keyboard
includes a keycap and a case web in which the keycap is mounted. The case web
includes intersecting ribs that have case web flanges. The keycap assembly
includes at least a keycap having a keycap flange attached to a bottom perimeter
of the keycap, a scissor-type mechanism for supporting the keycap, a rubber
dome underneath the keycap for providing tactile feel to a user, a layered
membrane with switch circuit, a base plate for support of the keycap assembly,
and a backlight light source underneath the base plate. The keycap flange and
case web flanges overlap but do not contact each other such that the backlight
light source cannot be directly seen by the user. A vertical stop pin can also be
attached to a pivot of the scissor mechanism, and a stopping mechanism can also
be provided for restricting vertical motion of the vertical stop pin ata
predetermined distance from the base plate.

[0007] According to still another embodiment, a method of making a
keyboard is described. A base plate having a backlight light source underneath
the base plate can be provided. The base plate is then engaged with a scissor
type mechanism, which is engaged with a keycap having a keycap flange around
a perimeter of a base of the keycap. A case web is positioned over the keycap
such that a case web flange corresponds to the keycap flange without contacting
the keycap flange, wherein an overlap of the case web flange and the keycap
flange prevent a user from directly seeing the backlight light source.

[0008] Other aspects and advantages of the invention will become apparent
from the following detailed description taken in conjunction with the

accompanying drawings which illustrate, by way of example, the principles of the
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invention.
BRIEF DESCRIPTION OF THE DRAWINGS
[0009] The invention will be readily understood by the following detailed
description in conjunction with the accompanying drawings, wherein like
reference numerals designate like structural elements, and in which:
[0010] Fig. 1 shows a portion of a keyboard having a webbed design installed
in its receiving case.
[0011] Fig. 2 shows internal details of the key section shown in Fig. 1 showing
a cross-section of key, case web, internal key mechanism, and backlight.
[0012] Figs. 3A and 3B show a base design and an alternative flange geometry
and material of a keycap flange.
[0013] Fig. 4 shows a conventional keycap assembly.
[0014] Fig. 5 shows a keycap assembly in accordance with a described
embodiment.
[0015] Fig. 6 shows another embodiment of keycap assembly.
[0016] Fig. 7 shows another embodiment of a hook for limiting movement of
a stopper pin of the scissor mechanism.
[0017] Fig. 8 shows yet another embodiment of the hook for limiting
movement of a stopper pin of the scissor mechanism.
[0018] Fig. 9 is a detailed perspective view of an embodiment of a three-layer
membrane of a printed circuit board.
[0019] Fig. 10is a flow chart of a method of assembling an embodiment of a
key switch with controlled halo brightness and contrast.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS
[0020] Reference will now be made in detail to representative embodiments
illustrated in the accompanying drawings. It should be understood that the
following descriptions are not intended to limit the embodiments to one
preferred embodiment. To the contrary, it is intended to cover alternatives,
modifications, and equivalents as may be included within the spirit and scope of
the described embodiments as defined by the appended claims.
[0021] The keycap assembly prevents the backlight light source from being

seen by a user around the perimeter of the keycap. The keycap assembly can be
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mounted into a case web formed of intersecting ribs, each of which has a
corresponding flange. When an internal key mechanism, such as, for example, a
scissor mechanism or other vertical stop mechanism, stops the keycap ata
designed height, an overlap between the keycap and web flange can prevent
backlight leakage by preventing direct visibility of the light source by the user.
The overlap between the keycap and web flange can also cause the halo around
the keycap to be more evenly distributed, and thereby more aesthetically
pleasing and functional. In an embodiment, the flange can be angled.

[0022] In the following description, numerous specific details are set forth to
provide a thorough understanding of the present invention. It will be apparent,
however, to one skilled in the art that the present invention may be practiced
without some or all of these specific details. In other instances, well known
process steps have not been described in detail in order to avoid unnecessarily
obscuring the present invention.

[0023] The keyboard design and integration method has unique features in
the keycap and receiving cases to shut off light leakage from the backlight light
source and also enables better control of the halo effect around the keycap. This
greatly improves the product aesthetics, backlight performance, and user
experience. The proper arrangement of the light blocking features in an
embodiment of a keyboard prevents direct sighting of the backlight light source
by the user. The fact that the backlight can be seen only from the top through key
legends and an evenly distributed halo around the key translates to better
backlight performance and control. Without the control of light around the
perimeter of the individual keys, direct sighting of the backlight light source can
greatly interfere with the proper brightness and contrast intended for the backlit
key legends.

[0024] This design and integration scheme also has the advantage of
imposing no mechanical interaction between keycaps and receiving case, with
the blockage of direct sighting of the light source solely achieved by the properly
designed geometry. Thus, in the described embodiments, the keycaps and the
receiving case do not have to contact one another in order to block direct

sighting of the light source. In prior alternative attempts to block direct sighting
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of the light source, the mechanical interaction between keys and receiving cases
causes unpleasant acoustic noise, changes in the tactile feel of the keys, as well as
increased wear and tear of the keyboard.

[0025] The design is distinct in the utilization of a flange, which can be angled
in some embodiments, on the bottom perimeter of each keycap and the matching
cut and flange in the receiving case. The unique internal key mechanism that
stops the key at the designed height makes such arrangement feasible and
achievable in mass production.

[0026] These and other embodiments of the invention are discussed below
with reference to Figs. 1-8. However, those skilled in the art will readily
appreciate that the detailed description given herein with respect to these
figures is for explanatory purposes as the invention extends beyond these
limited embodiments.

[0027] Fig. 1 shows a portion of a keyboard 100 installed in its receiving case
102. The keyboard 100 has a webbed design and has case webs 104 in between
individual keys 202. The keyboard shown in Fig. 1 can also be backlit so that the
key legends on the keycaps 202 can be seen in a dark environment. It will be
understood that the backlit key legends can be a transparent or translucent
portion of the keycap through which light from a light source can be seen by a
user. A halo of light around the perimeter of each keycap 202 can help a user see
the edges of the keycap 202 in dim light.

[0028] Fig. 2 shows an embodiment and its internal details of a key switch
section 200 shown in Fig. 1. The keycap 202 can be held in place by a key
supporting mechanism or base plate 270 and can also supported by a scissor
type mechanism 230 and a rubber or elastomeric dome 206 positioned under
the central portion of the keycap 202. As shown in Fig. 2, the keycap 202 has a
side wall 204 around its perimeter that extends downward. The scissor type
mechanism 230 can include two linkage pieces that interlock in a "scissor"-like
manner, as shown in more detail in Figs. 4-6. The scissor type mechanism 230 is
typically formed of a rigid material, such as plastic or metal or composite

material, as it provides mechanical stability to the key switch. The rubber dome
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206 can be formed of an elastomeric material, such as silicone, and can provide
the tactile force and feedback to the user needed for proper key feel.

[0029] When the keycap 202 is depressed by a user, the keycap 202 pushes
down on the rubber dome 206 sitting beneath the keycap 202. The rubber dome
206 collapses, which gives tactile feedback to the user depressing the keycap
202. The rubber dome 206 can also dampen the keystroke in addition to
providing the desired tactile response. The collapsing rubber dome 206 causes a
pair of conductive lines on a printed circuit board (PCB) below the dome 206 to
can contact a membrane, which serves as the electrical component of the switch.
The collapsing rubber dome 206 depresses the membrane and closes the
electrical switch. The membrane can be, for example, a three-layer membrane or
other type of PCB membrane. A chip in the keyboard can emit a scanning signal
along the pairs of lines on the PCB to all the keys. When the signal in one pair of
lines changes due to the contact, the chip generates a code corresponding to the
key connected to that pair of lines. This code is sent to the electronic device,
which can, for example, be a computer, either through a keyboard cable or over a
wireless connection, where it is received and decoded into the appropriate key.
The computer then decides what to do based on the particular key depressed,
such as display a character on the screen, or perform some other type of action.
As shown in Fig. 2, the rubber dome 206 is substantially concave or
hemispherical and oriented such that the vertex of the dome is at the highest
point. In other words, the rubber dome 206 is positioned with the dome opening
facing downward. Asthe dome is concave, it is a normally-open tactile switch.
The switch only closes when the dome 206 is collapsed, as will be described in
more detail below. It will be understood that although the illustrated
embodiments show a substantially hemispherical dome, the elastomeric
structure, in other embodiments, may also have other shapes, including, for
example, rectangular or box shape, conical, truncated conical, and other shapes
capable of similar deformation from the typical force applied to a key pad. In an
alternative embodiment, the dome can be formed of a metal material. According
to another embodiment, stacked metal and elastomeric domes may be provided

in place of a single elastomeric dome.
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[0030] Asshown in Fig. 2, the rubber dome 206 can include a plunger portion
220 that extends downward from the center of the underside of the rubber dome
206. The plunger 220 portion of the rubber dome 206 is positioned directly over
the contact pads 258 (Fig. 9) of the circuit traces of the membrane 250. Thus,
when the rubber dome 206 is compressed, the plunger 220 contacts and pushes
down on the top side of the top layer 252 (Fig. 9) of the membrane 250, thereby
causing the contact pads 258 of the circuit traces (Fig. 9) on the top layer 252
(Fig. 9) and the bottom layer 256 (Fig. 9) of the membrane 250 to connect and
close the switch, which completes the connection to enter the character or
perform the function of the key. As shown in Fig. 2, the plunger 220 is a portion
of the rubber dome 206 that does not contact the top side of the top layer 252
(Fig. 9) of the membrane 250 when the rubber dome 206 is in a relaxed state. It
will be understood that the underside of the center of the rubber dome 206 does
not contact the top side of the top layer 252 (Fig. 9) of the membrane 250 when
the rubber dome 206 is in a relaxed state.

[0031] Asshown in Fig. 2, a backlight light source 208 can be provided. In a
typical backlit key switch, the light source can also emit stray light around the
perimeter of the keycap 202, thereby creating a halo effect. In the illustrated
embodiment, the backlight light source 208 is positioned under the base plate
270 and the light emitted from the light source 208 can illuminate the
translucent legend on the keycap 202 and also provide a controlled halo around
the perimeter of the keycap 202. The light can be emitted from the light source
208 as shown by arrows L, for example, in Fig. 2. It will be understood that at
least a portion of the base plate 270 can be cut or translucent to allow light from
the light source 208 to pass through the base plate 270. The legend can be
etched as a translucent portion in the keycap 202 to allow light to be transmitted
therethrough. The area around the perimeter of the keycap 202 can also allow
direct sighting by a user of the backlight light source 208. As mentioned above,
such direct sighting of the light source 208 is undesirable. The unique
geometries of an embodiment, as described in more detail below, can prevent
direct sighting of the light source 208 and can also control the halo effect so that

it is more aesthetically pleasing as well as functional.
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[0032] The unique geometries implemented in the embodiment shown in Fig.
2 include an angled flange 210 around the perimeter at the bottom or base of the
keycap 202, and a corresponding flange 212 on the case web 104. When the
keycap 202 is in its normal resting position, the angled flange 210 on the keycap
202 is close to but not in contact with the corresponding flange 212 on the case
web 104. When an internal key mechanism, such as the scissor mechanism 230
or other vertical stop mechanism, stops the keycap 202 at the designed height,
the overlap between the keycap 202 and web 104 prevents the light from the
backlight light source 208 from being directly visible by the user. The blockage of
the direct light leakage also allows the legend and halo brightness and contrast
to be controlled more precisely.

[0033] Figs. 3A and 3B show variations in the general design concept. Figs.
3A and 3B are simplified side views showing different embodiments of the flange
design and corresponding portions of the receiving case. More specifically, Fig.
3A shows a design, such as the one shown in Fig. 2, with an angled flange around
the perimeter of the base of the keycap whereas Fig. 3B shows an alternative
design with a flange that is not angled. It should be noted that the basic concept
shown in Figs. 3A and 3B can be applied to specific versions of keyboard design
with different key height, travel, keycap material, web material, web size, etc.
Both of the keys in the embodiments shown in Figs. 3A and 3B can have a total
travel in the z-direction of about 1.5 mm. In both of the illustrated embodiments,
when it is depressed by a user, the keycap 202 comes to a rest when the bottom
of the keycap 202, with the flange 214 in Fig. 3B, contacts the base plate 270 with
the membrane 250.

[0034] Inthe embodiment shown in Fig. 3B, the flange 214 is not angled. The
flange 214 in the embodiment shown in Fig. 3B can be a sheet of polyethylene
terephthalate (PET) polymer that is attached to the bottom surface of the side
wall 204 of the keycap 202. According to an embodiment, this PET sheet can
have a thickness of about 0.05 mm. As shown in Fig. 3B, the flange 214 extends
away from the center of the key switch 200 such that the flange 214 extends
beyond the edge of the side wall 204 of the key cap 202.
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[0035] In an embodiment, the scissor type mechanism 230 can control the
vertical movement or height of the keycap 202 when the keycap 202 is
depressed by the user by stopping the keycap 202 from being pushed further
down. The movement of the scissor type mechanism is described in more detail
below with reference to Figs. 4 and 5. The case web 104 can have an angled
flange as shown in Fig. 3A or a flange that is not angled as shown in Fig. 3B. In
Fig. 3A, the angled flange of the case web 104 corresponds with the angled flange
210 of the keycap 202. In Fig. 3B, the flange of the case web 104 corresponds
with the flange 214 of the keycap 202.

[0036] The aesthetic appearance of a keyboard depends greatly on the
keycaps as well as the receiving case, which form most of the visible portion of a
keyboard. Thus, the proper arrangement of the light blocking features in the
described embodiments prevents direct sighting of the backlight light source by
the user, thus improving both aesthetics and performance. Seeing the backlight
only from the top through key legends and a substantially even distribution of
the halo around the key translates to better backlight performance and control.
Without the shut off of light leakage, direct sighting of the backlight light source
greatly interferes with the proper brightness and contrast intended for the back-
lighted keys.

[0037] The designs and integration schemes described herein also have the
advantage of imposing no mechanical interaction between keys and receiving
case with the shut off solely achieved by the properly designed geometry. In
prior alternative attempts to shut off the light, the mechanical interaction
between keys and receiving cases causes unpleasant acoustic noise and changes
in key feel.

[0038] The design shown in Figs. 2 and 3A is distinct in the utilization of an
angled flange on the bottom of a keycap and the matching cut and flange in the
receiving case. A unique internal key mechanism that stops the key at the
designed height makes such an arrangement feasible and achievable in mass
production.

[0039] The described embodiments involve a keyboard key design that

utilizes a unique vertical stop mechanism to provide precision control of the key
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height. Precise control of the key height can provide more precise control of the
overlap of the keycap flange and correspondingly shaped web case flange, which
in turn allows more precise control of the light around the perimeter of the
keycap. Fig. 4 shows a typical key that includes a scissor-type mechanism. As
shown in Fig. 4, most keyboards used today in desktop and notebook computers
consist of a keycap assembly 400 having keycap 402, a scissor-type mechanism
430 for structural stability, a rubber dome 406 for tactile force, a layered
membrane with switch circuit 408, and a base plate 410 that holds all of these
components in place. (X, Y, and Z coordinates are used here to help describe the
construction and movement of the key.).

[0040] The scissor type mechanism 430 regulates the up and down
movement of the key 402. Normally, the two linkage structures 430a, 430b of
the scissor type mechanism 430 are joined in the center with a pivot center 412.
The scissor type mechanism 430 can maintain the desired keycap height relative
to the base plate 410. In other words, the scissor type mechanism 430 helps to
maintain the desired distance between the keycap 402 and the base plate 410.
[0041] Asshown in Fig. 4, in a typical scissor type mechanism 430, each
linkage structure 430a, 30b can have at least one end that slides when the key
cap 402 is pressed down in the Z direction. The distance that the sliding ends of
the linkage structures 430a, 430b move along the base plate 410 can be limited
by a stopper feature on the base plate 410. The linkage structures 430a, 430b
can be engaged with such features of the base plate 410 to define a resting
position for the linkage structures 430a, 430b when the key switch is in a relaxed
state.

[0042] According to an embodiment, each of the linkage structures 430a,
430b can be rotatably engaged with the key cap 402 and slidably engaged with
the base plate 410. The upper ends of the linkage structures 430a, 430b can be
rotatably engaged with features 450 (Fig. 5) on the underside of the keycap 402.
The upper ends of the linkage structures 430a, 430b can be snapped into the
features 450 (Fig. 5) on the underside of the keycap 402. The lower ends of the
linkage structures 430a, 430b can be engaged with features 460 (Fig. 5) of the

10
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base plate 410. Such features can be, for example, hook-shaped structures on the
base plate 410.

[0043] The scissor type mechanism 430 may be formed of a material, such as
a plastic resin. In one embodiment, a plastic resin, such as polyoxymethylene
(POM), may be used to form the scissor type mechanism 430. POM has some
characteristics that make it a good choice for the material for the scissor type
mechanism 430. POM can provide the strength necessary for the scissor type
mechanism 430 to withstand the load from the keycap 402 as the user presses
down on the key. POM also has good lubricity, so it functions well as a bearing
against materials such as ABS and metal. As the scissor type mechanism 430 has
a movable linkage structure, the lubricity of POM prevents the scissor type
mechanism 430 from wearing too quickly. In other embodiments, the scissor
type mechanism 430 may also be formed of another material, such as metal or
composite material, such as glass-filled plastics.

[0044] Asnoted above, the scissor type mechanism 430 can be constrained to
move within a range by some features, such as hooks and bends, made in the
base plate 410 (also sometimes called feature-plate). As discussed above, the
scissor type mechanism 430 can snap into the keycap 402, which moves up and
down with the scissor type mechanism 404, which moves in a scissor-like action.
In the embodiment shown in Fig. 4, the keycap 402 stops at its up position when
a stop feature (not shown) in the base plate 410 stops one end of the scissor
mechanism’s 430 movement in the x direction. The stopper stops the movement
of the scissor type mechanism 430 in the x-direction in order to stop the vertical
motion in the z-direction. Due to the shallow angle at which the scissor type
mechanism 430 operates, the ratio of the motion in the x direction to that in the z
direction is near 1:10. Thus, the manufacturing error built into the stopper
translates to ten times as much in the z height. Such 1:10 ratio is not desirable
because the manufacturing tolerance results in much larger z height tolerances.
It also indirectly impacts the tilt of the keycap 402 due to random tolerances
built in various parts.

[0045] Asshownin Fig. 5, in order to reduce the 1:10 ratio, a unique vertical

stop mechanism can be provided for precision control of the key height. The
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vertical stop mechanism, in this embodiment, can include a stop pin 414 and a
hook 416. The stop pin 414 can be extended from the pivot center of the scissor
type mechanism 430, and a hook 416 can be added in the base plate 410 to
capture the stop pin 414. Since the stopper hook 416 of the base plate 410 stops
the scissor type mechanism 430 from moving further up, it directly stops the
scissor type mechanism 430 from moving vertically in the z direction, instead of
relying on a stopper in the x-direction to stop the vertical z direction motion (as
is described above). Such an arrangement can reduce the ratio of the motion in
the x direction to that in the z direction from 1:10 down to 1:2. Besides the
benefit of a reduced ratio, this vertical stop mechanism 414, 416 acts internally
so there is no interaction with external parts of the system. Such external
interaction has proven to be detrimental to the key characteristics in both
acoustics and tactile feel of the key and should be avoided.

[0046] Fig. 6 shows a perspective view of an alternate embodiment of a
scissor type mechanism and vertical stop mechanism details, with the keycap
removed. The scissor type mechanism 430 and the corresponding hook 416 that
captures the stopper pin 414 can vary from design to design, but the basic
concept of vertically stopping the motion is substantially the same. In the
embodiment shown in Fig. 6, the scissor type mechanism 430 works differently
from the one described above and shown in Fig. 5, and the hook 416 shape in the
base plate is also different. In this embodiment, the scissor type mechanism 430
engages with the hook 416 at the ends and at the pin 414, as shown in Fig. 6. In
the embodiment shown in Fig. 6, the vertical stop mechanism is positioned at the
pivot center of the scissor type mechanism 430 and the 1:2 ratio of the motion in
the x-direction to that in the z-direction is achieved the same way as in the
embodiment of Fig. 5.

[0047] Another embodiment of the hook 416 is shown in Fig. 7. According to
this embodiment, the hook 416 is a bend feature that provides a flat stop surface.
Yet another embodiment of a hook 416 is shown in Fig. 8. As can be appreciated,
the hook 416 and stopper pin 414 can be attached to or integral with the base

plate, and can have different shapes.
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[0048] Fig. 9is a detailed perspective view of an embodiment of the
membrane 250. According to an embodiment, the membrane 250 can have three
layers, including a top layer 252, a bottom layer 256, and a spacer layer 254
positioned between the top layer 252 and the bottom layer 256. The top layer
252 and the bottom layer 256 can include conductive traces and their contact
pads 258 on the underside of the top layer 252 and on the top side of the bottom
layer 256, as shown in Fig. 9. The conductive traces and contact pads 258 can be
formed of a metal, such as silver or copper. As illustrated in Fig. 9, the membrane
sheet of the spacer layer 254 includes voids 260 to allow the top layer 252 to
contact the bottom layer 256 when the elastomeric dome 220 is collapsed.
According to an embodiment, the top layer 252 and bottom layer 256 can each
have a thickness of about .075 um. The spacer layer 254 can have a thickness of
about .05 pm. The membrane sheets forming the layers of the membrane 250 can
be formed of a plastic material, PET polymer sheets. According to an
embodiment, each PET polymer sheet can have a thickness in the range of about
0.025 mm to about 0.1 mm.

[0049] Under “normal” conditions when the key pad is not depressed by a
user (as shown on the left side of Fig. 9), the switch is open because the contact
pads 258 of the conductive traces are not in contact. However, when the top
layer 252 is pressed down by the elastomeric dome 220 in the direction of arrow
A (as shown on the right side of Fig. 9), the top layer 252 makes contact with the
bottom layer 256. The contact pad 258 on the underside of the top layer 252 can
then contact the contact pad 258 on the bottom layer 256, thereby allowing the
current to flow. The switch is now "closed”, and the computing device can then
register a key press, and input a character or perform some other operation. It
will be understood that other types of switch circuitry can be used instead of the
three-layer membrane 250 described above.

[0050] A process for assembling the key switch 200 will be described with
reference to Fig. 10. A process for assembling the components of the key switch
200 will be described below with reference to steps 1000-1070. In step 1000, a
base plate 270 is provided for mechanical support for the PCB as well as the

entire key switch 200. In one embodiment, the base plate 270 is formed of
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stainless steel. In other embodiments, the base plate 270 can be formed of
aluminum. According to an embodiment, the base plate 270 has a thickness in a
range of about 0.2 mm to about 0.5 mm.

[0051] A process for forming a three-layer membrane 250 on the base plate
270 will be described below with reference to steps 1010-1030. In step 1010,
the bottom layer 256 of the membrane 250 can be positioned over the base plate
270 with a backlight light source 208 positioned under the base plate 270. Next,
in step 1020, the spacer layer 254 can be positioned over the bottom layer 256
such that the voids 260 are in the areas of the contact pads 258. In step 1030,
the top layer 252 can be positioned over the spacer layer 254 such that the
contact pads 258 on the underside of the top layer 252 are positioned directly
over the contact pads 258 on top side of the bottom layer 256 so that they can
contact each other when the metal dome 240 is deformed. The layers 252, 254,
256 can be laminated together with adhesive. It will be understood that steps
1010-1030 can be combined into a single step by providing a three-layer
membrane 250 that is pre-assembled or pre-laminated. The membrane 250 is
positioned over the base plate 270 and held in place by one or more other
components of the key switch 200, such as the scissor type mechanism 230.
[0052] According to this embodiment, in step 1040, the rubber dome 206 can
be attached to the top side of the top layer 252 of the membrane 250 such that
the concave dome portion is positioned over the contact pads 258 and the void
260. In step 1050, each linkage structure 230a, 230b of the scissor type
mechanism 230 is then engaged with features of the base plate 270. In step
1060, to complete the key switch 200, the keycap 210 with a flange on its bottom
is positioned over the rubber dome 206 and the scissor mechanism 230, and
engaged with the scissor type mechanism 230. The scissor type mechanism 230
can be rotatably engaged with the keycap 202 by snapping the linkage structures
230a, 230Db into features, such as grooves, on the underside of the keycap 202.
[0053] Instep 1070, a case web of a receiving case is placed over the key 200
such that the key is mounted in the case web. The case web has intersecting ribs
that form apertures in which keycaps 202 can be positioned. It will be noted

that the keycap 202 has a flange, which can be angled, around the perimeter of
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the bottom of the keycap 202 that corresponds to a flange of the case web of the
receiving case. An angled flange in the receiving case can be a chamfered surface.
The geometry of the corresponding flanges of the keycap and case web can
prevent direct sighting of the keyboard backlight light source, and can also
causes the halo around each key 200 to be more evenly distributed and
controlled.

[0054] The described embodiments’ big advantage over existing designs is
achieving a much smaller ratio of position tolerance. In applying this to a
keyboard design, the key height and tilt tolerance due to tolerances in
manufactured components can be reduced. By providing a positive and more
accurate z height control, it can open up design space in innovative keyboard
designs. The design is distinct in the utilization of pins near the pivot point of the
scissors and corresponding hooks to create a positive and precision vertical
height control.

[0055] The foregoing description, for purposes of explanation, used specific
nomenclature to provide a thorough understanding of the invention. However, it
will be apparent to one skilled in the art that the specific details are not required
in order to practice the invention. Thus, the foregoing descriptions of specific
embodiments of the present invention are presented for purposes of illustration
and description. They are not intended to be exhaustive or to limit the invention
to the precise forms disclosed. It will be apparent to one of ordinary skill in the
art that many modifications and variations are possible in view of the above
teachings.

[0056] The embodiments were chosen and described in order to best explain
the principles of the invention and its practical applications, to thereby enable
others skilled in the art to best utilize the invention and various embodiments
with various modifications as are suited to the particular use contemplated. It is
intended that the scope of the invention be defined by the following claims and

their equivalents.
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CLAIMS
What is claimed is:
1. A backlit keyboard, comprising:
a keycap assembly including:
a keycap having a keycap flange around a perimeter of a bottom of the
keycap; and
an internal stopping mechanism for stopping the keycap at a designed
height when the keycap is pushed down by a user; and
a case web comprising a plurality of intersecting ribs, wherein the keycap
assembly is mounted into the case web at an aperture formed by the intersecting ribs,
wherein each rib has a case web flange having a geometry corresponding to that of the
keycap flange, wherein the keycap flange and the case web flange do not contact
each other and an overlap between the keycap flange and case web flange prevents
direct visibility of a backlight light source by a user allowing a legend and halo
brightness and contrast to be controlled more precisely.
2. The keyboard of claim 1, wherein the internal stopping mechanism comprises
a scissor type mechanism.
3. The keyboard of claim 2, wherein the internal stopping mechanism comprises:
a stop pin extending from a pivot center of the scissor type mechanism;
and
a hook attached to a base plate to capture the stop pin.
4. The keyboard of claim 2 or 3, wherein the internal stopping mechanism can
directly stop the scissor type mechanism from moving vertically in a z-direction.
5. The keyboard of any one of claims 1 to 4, wherein the keycap flange and case
web flange are angled relative to a vertical axis.
6. The keyboard of any one of claims 1 to 5, wherein the keycap flange
comprises a polyethylene terephthalate polymer sheet attached to a bottom surface of
the keycap.
7. A keyboard, comprising:
a keycap assembly, comprising:
a keycap having a keycap flange attached to a bottom perimeter of the
keycap;
a scissor-type mechanism for supporting the keycap;
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a rubber dome underneath the keycap for providing tactile feel to a
user;
a layered membrane with a switch circuit;
a base plate for support of the keycap assembly; and
a backlight light source underneath the base plate; and
a case web in which the keycap assembly is mounted, the case web comprising
intersecting ribs that have case web flanges, wherein the keycap flange and case web
flanges overlap but do not contact each other such that the backlight light source
cannot be directly seen by the user.
8. The keyboard of claim 7, wherein the scissor type mechanism can control a
height of the keycap when the keycap is pushed down by the user.
9. The keyboard of claim 7 or 8, wherein the keycap assembly further comprises:
a vertical stop pin attached to a pivot center of the scissor type
mechanism; and
a stopping mechanism for restricting vertical motion of the vertical
stop pin at a predetermined distance from the base plate.
10. The keyboard of claim 9, wherein the stopping mechanism is a hook attached
to a base plate to capture the vertical stop pin.
11. The keyboard of claim 9 or 10, wherein the vertical stop pin and stopping
mechanism can directly stop the scissor type mechanism from moving vertically in a
z-direction.
12. The keyboard of any one of claims 7 to 11, wherein the keycap flange and
case web flange are angled.
13. The keyboard of any one of claims 7 to 11, wherein the keycap flange
comprises a polyethylene terephthalate polymer sheet attached to a bottom surface of
the keycap.
14. A method of making a backlit keyboard, the method comprising:
providing a base plate having a backlight light source underneath the base
plate;
engaging the base plate with a scissor type mechanism;
engaging the scissor type mechanism with a keycap having a keycap flange

around a perimeter of a base of the keycap; and

17



WO 2012/109010 PCT/US2012/022450

10

15

20

positioning a case web over the keycap such that a case web flange
corresponds to the keycap flange without contacting the keycap flange, wherein an
overlap of the case web flange and the keycap flange prevent a user from directly
seeing the backlight light source.
15. The method of claim 14, wherein the keycap flange and the case web flange
are angled.
16. The method of claim 14 or 15, wherein the scissor type mechanism is rotatably
engaged with the keycap.
17. The method of any of claims 14 to 16, wherein engaging the scissor type
mechanism comprises snapping linkage structures of the scissor type mechanism into
features on an underside of the keycap.
18. The method of claim 17, wherein the features are grooves on the underside of
the keycap.
19. The method of any one of claims 14 to 18, further comprising attaching a
rubber dome to the base plate.
20. The method of claim 19, wherein attaching the rubber dome comprises
positioning a concave dome portion of the rubber dome over contact pads of a
membrane on the base plate.
21. The method of any one of claims 14 to 20, wherein the case web flange is

formed by chamfering a surface of the case web.

18



WO 2012/109010 PCT/US2012/022450

1/9

100

[

/#_Tj f
202 102 104
200



PCT/US2012/022450

WO 2012/109010

2/9

204

210/

212

FIG. 2



WO 2012/109010

PCT/US2012/022450

3/9
212 104 212
204 —
PN %
0/ 1204
21
ya
/ 210
250 — [
270 — |
FIG. 3A
104
204 T
[4
214/
204
|__—214
250 — |
270 — ©

FIG. 3B



WO 2012/109010 PCT/US2012/022450

4/9

400

N
N

k / 402




WO 2012/109010 PCT/US2012/022450

5/9

406 402

430b 430a 450

450




PCT/US2012/022450

WO 2012/109010

6/9

FIG. 6



WO 2012/109010

719

416

270 |

FIG. 7

416

270 L

FIG. 8

PCT/US2012/022450



PCT/US2012/022450

WO 2012/109010

8/9

777777 L L

\%Xﬁ/ AN NN




WO 2012/109010 PCT/US2012/022450

9/9

( START >
'

Provide base plate for mechanical /\,1000
support positioned in receiving case
with case web having flange

' 1010

Position bottom layer of membrane
over base plate

l 1020

Position spacer layer over bottom [

layer with voids in areas of contact
pads

'

Position top layer of membrane 1030
over spacer layer

'

Attach rubber dome to top side of
top layer such that concave portion | —__1040
is positioned over contact pads and

void

'

Engage each linkage structure of 1050
scissor mechanism with features ofy——
base plate

'

Position key cap with flange on
bottom over rubber dome and N1 060
engage with scissor mechanism

'

Place a case web of a receiving
case over the key such that the key| 1070
is mounted in the case web

'
(=™ )  FIG. 10




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/022450

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO1H13/83
ADD.

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

B. FIELDS SEARCHED

HO1H

Minimum documentation searched (classification system followed by classification symbols)

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

EPO-Internal, WPI Data

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X EP 1 321 955 A2 (POLYMATECH CO LTD [JP]) 1,6,13
25 June 2003 (2003-06-25)
Y paragraph [0027]; figures 7b, 8 2,4,7-9,
11,14-21
A US 20107089736 Al (TSAI WEN-YU [TW] ET AL) 1-21
15 April 2010 (2010-04-15)
paragraph [0028] - paragraph [0036];
figure 7
Y US 20017046402 Al (HASUNUMA SEIGO [JP]) 2,4,7-9,
29 November 2001 (2001-11-29) 11,14-21
A paragraph [0041] - paragraph [0063]; 3,5,10,
figures 4-14 12
A US 2003/113153 Al (LEE TONG-HSUEH [TW] ET 1-21
AL) 19 June 2003 (2003-06-19)
paragraph [0033] - paragraph [0049];
figures 4-7

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
merr:ts, such combination being obvious to a person skilled
inthe art.

"&" document member of the same patent family

Date of the actual completion of the international search

26 April 2012

Date of mailing of the international search report

07/05/2012

Name and mailing address of the ISA/

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

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Ernst, Uwe

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2012/022450
Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 1321955 A2 25-06-2003 CN 1427432 A 02-07-2003
DE 60219877 T2 17-01-2008
EP 1321955 A2 25-06-2003
JP 4295468 B2 15-07-2009
JP 2003249139 A 05-09-2003
US 2003116414 Al 26-06-2003
US 2010089736 Al 15-04-2010 TW M351402 U 21-02-2009
US 2010089736 Al 15-04-2010
US 2001046402 Al 29-11-2001 JP 3734141 B2 11-01-2006
JP 2001325851 A 22-11-2001
TW 577626 U 21-02-2004
US 2001046402 Al 29-11-2001
US 2003113153 Al 19-06-2003  TW 511772 U 21-11-2002
US 2003113153 Al 19-06-2003

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report

