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(7) ABSTRACT

This specification describes techniques for building light-
weight computing devices that may weigh less than one
pound. The computing device may include a motherboard, a
keyboard, and a display. Alternatively it may include a
motherboard, a display, and speech-processing capabilities.
The motherboard is preferably built on a flexible substrate
using a rigid carrier. IC chips are attached using flip chip
bonds that employ stud bumps on the IC chips, and corre-
sponding wells filled with solder on the motherboard. The
display and keyboard roll up when not in use and employ
super-elastic materials as stiffeners. The computing device
may be implemented as a mobile computer, and may include
a camera, and biometric security features. Passive cooling is
employed, using the area of the roll up devices.
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RELATED APPLICATIONS

[0001] This application claims priority to Provisional
Application Serial No. 60/318,272 filed Sep. 7, 2001.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to computing devices
and particularly to computing devices with elements that roll
up when not in use.

[0004] 2. Description of the Related Art

[0005] A new manufacturing process described herein
provides dense assemblies of integrated circuit, IC, chips on
flexible substrates with good rework capabilities for remov-
ing and replacing defective chips. The motherboard of the
current invention is preferably manufactured with this pro-
cess. It includes fabrication of a flexible multi-layer inter-
connection circuit on a rigid carrier, assembling, testing and
reworking all of the components, and removing the carrier
when done. A metal trace width of 5 microns or less is
achievable, with a trace pitch of 10 microns or less. Arelease
layer is employed so that the completed flexible circuit
assembly can be easily peeled away from the carrier. Flip
chip assembly methods are used, preferably using gold stud
bumps at input/output, I/O pads of attached components, and
corresponding wells filled with solder on the motherboard.
Abonding pad pitch of 100 microns or less is achieved. The
normal practice of providing an epoxy under-layer under flip
chip bonded IC chips is avoided, and this contributes to a
robust rework capability.

[0006] Capacitive sensing keyboard devices are known in
the art, including touch pads and fingerprint sensors. Fin-
gerprint sensors typically require a conductor pitch of
around 25 microns in order to accurately detect the ridges
and valleys of a fingerprint, with multiple interconnection
layers required for the active capacitance sensing method of
the preferred embodiment. The minimum pitch available
with conventional flexible circuits is typically around 100
microns, so fingerprint sensors have generally been pro-
duced on silicon wafers using the high-resolution capabili-
ties of IC chip fabrication methods. The keyboard of the
current invention includes the conventional keys for typing,
plus a touch pad and a fingerprint sensor, all integrated onto
a single monolithic flexible substrate, using the fine feature
capabilities of the current invention. Thin film transistors,
TFTs, are preferably employed to provide the switching
transistors of the keyboard back plane. The keyboard back
plane is the two-dimensional array of switching elements
and interconnections required to support a two-dimensional
matrix of active capacitance sensors. The flexible keyboard
is laminated with a sheet of super-elastic material for stift-
ness when extended for use in its planar form.

[0007] Super-elastic materials are used to stiffen the por-
tions of the display and the keyboard that are extended for
use. A suitable super-elastic material is Nitinol, an alloy of
Ni and Ti, which is also known as a shape memory alloy.
“Shape memory” refers to its behavior of returning to a
“remembered” shape when an applied stress is removed. In
the current application, the shape memory alloy is stressed
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by bending forces that are applied when the devices are
rolled up for storage. The super-elastic material is in the
form of a cold-rolled sheet with a preferred thickness of
around 50 microns. The sheets are laminated with the
flexible substrates of the keyboard and the display after they
have been separated from their glass carriers. Nitinol tran-
sitions between two phases at its glass transition tempera-
ture, Tg. The austenite phase is present above Tg and is hard
and super-elastic. The martensite phase is softer and is
present below Tg. The preferred Nitinol alloy of the current
invention has Tg equal to approximately 10° C., to accom-
modate operation of the host computer at temperatures
above 10° C. A typical office room temperature is 20° C.
Each time the mobile computer is used, portions of the
keyboard and display go through a deployment cycle start-
ing with a rolled up state, transitioning to an extended state
during use (planar in form), and returning to the rolled up
state for storage when done (cylindrical in form). The
super-elastic property allows the roll up devices to transform
millions of times between rolled up and extended states
without taking on a set, particularly if the maximum strain
is limited to 1% as in the current invention. Suitable sheets
of Nitinol are becoming commercially available for this type
of application.

[0008] A developing art exists for light emitting displays
that emit light directly, rather than modulating light from a
source such as a backlight. The display back plane is the
array of switching elements and interconnections provided
for controlling light emission at each pixel of the light
emitting display. The switching elements are generally thin
film transistors, TFTs, similar to those employed in liquid
crystal display, LCD, panels. Organic light emitting diode,
OLED, displays are currently in a rapid state of develop-
ment. Light emitting polymer, LEP is another name for such
displays. Flexible OLEDs or FOLEDs have also been
described. Small displays have been integrated into com-
mercial products, and some as large as having 12-inch
diagonal screens have been introduced. Most of these dis-
plays are bottom-emitting; this means that they are designed
to emit light through the substrate, using transparent indium
tin oxide as the anode conductor. Top-emitting displays
(TOLEDs) have also been described; their light does not
pass through the display substrate. These are also referred to
as transparent cathode displays. For good color rendition,
the substrate for a bottom-emitting display must be trans-
parent and clear. Clear flexible plastic films have been
described as substrates for bottom-emitting displays includ-
ing PET, poly ethylene terepthalate (polyester), and PES,
poly ether sulfone. These substrates can be subjected to
temperatures as high as 200° C. for brief periods. To take
advantage of this capability for the manufacture of display
circuits, methods of fabricating TFTs using polysilicon as
the semiconductor material have been developed, wherein
the processing temperature does not exceed 200° C. Once
the display back plane is in place, organic materials must be
provided to bridge between the anode and cathode of each
light emitting diode. Ink-jet printers have been adapted to
precisely dispense these organic materials at each pixel site
of an OLED display.

[0009] The current invention uses a photo sensor to cap-
ture a live image of the user as he or she operates the mobile
computer. Sensors may be charge coupled devices, CCDs, or
complimentary metal oxide semiconductor, CMOS, sensors
that are known in the art. An alternative approach is







































