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Hardware feature Candidates Final specification Reasons
Processor Motorola’s DragonBall EZ and MPC 823, ARM 7 Required little additional logic; available
Strong ARM, ARM 7Series (Cirrus Logic (Cirrus Logic EP 7211) in bare die form; low power consumption;
PS 7111/EP 7211), NEC V4111, offered several power modes; had proven
Hitachi SH 7709a, VLSI VWS 22100 success in running popular operating
systems
Memory As large as possible 8 Mbytes of flash memory, Compatibility with operating system

8 Mbytes of DRAM

footprint, application size, and data storage
on ARM architecture; memory configuration
of existing devices

Wireless access

Infrared, Bluetooth, cellular,

Infrared on main card,

ARM 7 chip has infrared module; too many

mechanisms pager systems Bluetooth on separate card unknowns to put Bluetooth on main card

Display Backlit or reflective LCD, organic LED 640 x 480, 741-dpi OLED Easier to read than reflective or backlit LCD;
consumed less power than a backlit LCD

Input device Buttons, touch screen, jog dial, Touch screen, jog dial Ease of use, more elegant appearance

rocker, joy stick

Power medium

Lithium, Zi-Air, and alkaline batteries; solar,

Rechargeable, lithium polymer

Ability to cope with the watch’s peak

self-winding; thermocouple-based energy batteries current draw; solar and other self-winding
methods did not generate sufficient energy
Operating system None; embedded systems: Linux, EPOC32,  Linux Availability of source code and tools; worked
QNX, vxWorks, DOS on a system with limited memory and
computing power
Graphics X11, direct frame buffer access, X11 Most complete, stable, and general library;

Microsoft Windows

totyping platforms. The first was an x86-based PC
running Linux that would let us look at the Linux
source code and tools. To simulate applications that
would run on the OLED watch, we used a backlit,
color LCD display (27 x 20 mm), which we had
used as part of an earlier project. The display had
a 640 x 480 pixel resolution but was slightly larger.
It was useful in prototyping different screens to
determine how easy or difficult it was to view them
and what was readable on the display. As Figure 3
shows, the display had an interface module that
would send standard monitor output from a lap-
top to the LCD display.

To bring up Linux and build some of the device
drivers, we procured development boards from
Cirrus Logic that housed the EP 7211 and directly
attached the reflective LCD displays. We planned to
first mount the circuit boards for the watch onto
10 x 15 cm (4 x 6 inches) test benches, such as the
one in Figure 4, to make hardware debugging eas-
ier. After some initial hardware testing, we planned
to assemble the boards into watches. The first
watches would then have the lower-resolution
reflective LCD display.

When the OLED displays were finished, we
planned to put them on the test benches first and
then assemble watches with OLED displays. We
also planned to build docking stations, or cradles,
so that users could charge the watch batteries and
easily transfer data from a PC to the watch. The
platforms helped ensure that the developers stayed

Computer

available with source code

focused on a common vision, feeding what they
learned into the hardware and software designs.
A team from Tokyo led the hardware design,
selected the parts, and built the boards. The same
team led the industrial design, contributed to the
mechanical design, ported the Bluetooth protocol
stack, and built Bluetooth-related applications. A
team from Yorktown worked on the software archi-
tecture, user interfaces, prototype applications,
Linux driver architecture, and overall project man-
agement. A second team from Yorktown did the
mechanical packaging work. Yet another team from
Yorktown collaborated with people from IBM
Zurich and eMagin Corp. to build the OLED dis-
play. A team in Bangalore, India, worked with the
team from Yorktown on the Linux drivers, ways to
port the X11 library, and the hardware test code.

BOARD DESIGN

The board design was challenging, and a reduc-
tion of even 0.5 mm was considered well worth the
work. We needed additional switching voltage reg-
ulators for the OLED display, and we had to make
sure that the power supply noise would not affect
the Bluetooth module. Because of these constraints,
we tried to eliminate all the wires to the touch panel,
roller wheel, accessory card, and battery, using elas-
tomer connectors and gold-plated spring contacts
instead.

We carefully selected all the board parts and
designed them to meet these requirements.
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Another important step is the research collabo-
ration of IBM Research and Citizen Watch,
announced in October 2001, to further explore
the possibility of bringing the watch to a wider
audience, conducting pilot tests, and pursuing col-
laborative research with universities. Updates on
our progress are available at http://www.research.
ibm.com/WearableComputing.

Our work has convinced us that a lot of function-
ality can be squeezed into small devices. The avail-
ability of the source code, the APIs, the reliability of
the software, and the enthusiasm of the Linux com-
munity are paving the way for Linux to become an
attractive operating system for such devices. As
researchers combine high-function miniature hard-
ware with a robust operating system and well-
designed applications with intuitive user interfaces,
we will see more science fiction gadgetry become
everyday tools that people take for granted.

Acknowledgments

Numerous people have contributed to the success
of this project. We have received much encourage-
ment and enthusiastic support from our manage-
ment. Several others have given us useful
suggestions and provided valuable technical input.
We thank the following individuals and apologize to
anyone we might have inadvertently omitted:
Rachel Bellamy, Tilman Beierlein, Tom Corbi, Steve
Depp, Murthy Devarakonda, Derek Dove, Ambuyj
Goyal, Paul Greier, Erik Harris, Randall Isaac,
Michael Karasick, John Karidis, Kohichiroh
Kishimoto, Jayadevan Kumanan, Kartik Kumar,
Akihiko Mizutani, Robert Morris, Alex Morrow,
Michael Olsen, Bob Olyha, Carl Powell, Walter
Reiss, Heike Riel, Tiaa Sahni, Omesh Sahni, Alfred
Spector, Sunil Sreenivasan, Vijay Sukthankar, and
Ken Tamagawa.

References

1. “Ruputer the Wrist Computer,” http://janus.free.fr/
ruputee.html (current Dec. 2001).

2. eMagin, “eMagin and IBM to Demonstrate New
OLED Display at the Consumer Electronics Show,”
5 Jan. 2001, http://www.emagin.com/pressreleases/
pribmwatch.htm (current Dec. 2001).

3. C.Narayanaswami and M.T. Raghunath, “Applica-
tion Design for a Smart Watch with a High Resolu-
tion Display,” Proc. 4th IEEE Int’l Symp. Wearable
Computers, IEEE CS Press, Los Alamitos, Calif.,
2000, pp. 7-14.

4. IBM Research, “Linux on a Wristwatch,” Aug. 2000,

http://www.research.ibm.com/WearableComputing/
factsheet.html (current Dec. 2001).

5. W.R. Hamburgen et al., “Itsy: Stretching the Bounds
of Mobile Computing,” Computer, Apr. 2001, pp.
28-36.

6. J. Sanford and E. Schlig, “Direct View Active Matrix
VGA OLED-on-Silicon Display,” Int’l Symp. Soc. for
Information Display, Digest of Technical Papers, vol.
32,2001, pp. 376-379.

7. N. Kamijoh et al., “Energy Trade-offs in the IBM
Weristwatch Computer,” Proc. Sth Int’l Symp. Wear-
able Computers, IEEE CS Press, Los Alamitos, Calif.,
2001, pp. 133-140.

8. C.Narayanaswami et al., “What Would You Do with
a Hundred MIPS on Your Wrist?” tech. report RC
22057,1BM Research, Yorktown Heights, N.Y., May
2001.

9. IBM Research News, “Citizen Watch and IBM
Research Announce Research Collaboration on
Linux Watch Technology,” http://www.research.ibm.
com/resources/news/20011011_watchpad.shtml
(current Dec. 2001).

Chandra Narayanaswami is a manager of the
wearable computing department at IBM T.]. Wat-
son Research Center, where be is the overall pro-
ject leader and an architect for the Linux watch.
Noboru Kamijoh, a senior researcher at the IBM
Tokyo Research Lab, is the watch’s lead hardware
architect and hardware designer. Mandayam
Raghunath is a researcher at Watson and was in
charge of the system software and application
design. Tadanobu Inoue is a researcher in Tokyo
and worked on the design and verification of the
hardware. Thomas Cipolla is a senior engineer at
Watson and was in charge of the watch’s mechan-
ical packaging. Jim Sanford is a senior engineer at
Watson and one of the OLED display designers.
Eugene Schlig (deceased) was a research staff mem-
ber at Watson and another OLED display designer.

At IBM Software Laboratory, India, Sreekrishnan
Venkiteswaran, a software engineer, helped bring
up Linux. Dinakar Guniguntala, a software engi-
neer, helped bring up Linux and X11 for the OLED
watch. Vishal Kulkarni, a software engineer, helped
bring up X11 for the LCD watch. All three built
device drivers.

At IBM Japan, Kazuhiko Yamazaki, a senior tech-
nical staff member, was in charge of the watch’s

industrial design.

Contact the authors at chandras@us.ibm.com.

January 2002

Petitioner Samsung Ex-1021, 0009





