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Communications

and Storage Lab

The ComSto Lab (Communications and Storage Lab) has its
origin in the CDS Lab (Communications and Data Storage
Lab) that was founded by Prof, Jaekyun Moon at the the
University of Minnesota, USA, back in 1990, as he was joining
the ECE Department there as an Assistant Professor. The lab
has since been well- recognized in the international
community for its innovative research and commercialization
efforts in signal processing and coding related to achieving
high—density storage and high-rate communications.

The maximum transition run length (known as the MTR
code in industry) code invented in the lab, for example, had
become widely used in high—density disk drives through late
90' s and early 2000 s as an effective means to pack bits more
densely in thin film recording disks. In 2009, the MTR patent
also has become a part of the patent pool for technologies
that are essential for manufacturing BluRay optical storage
devices. In 2001, Prof. Moon co—founded, partly based on the
technologies developed in his lab, a wireless chip start—up
Bermai, Inc. in California’ s Silicon Valley to design and
manufacture chips and systems to enable fast wireless access
in local area networks. The wireless technologies developed
by Bermai are now a part of wireless home networking
products manufactured and marketed by DSPG, a publicly—
traded company.

In 2009, Prof. J. Moon relocated his lab to the EE
department at KAIST, renaming it as “ComSto Lab’, as he
joined KAIST as a Professor. At KAIST, Prof. Moon wants to
continue research in the general area of high—speed
communication and high—density storage.

The ComSto Lab' s current research emphasis is on how to
design coding and equalization schemes geared to known or
partially-known interference structures. Interference—
dominant channels are an important current trend in many
crucial communication systems including high—speed
computer buses, wireless Femto cells, high—density Flash
memory, high—density hard disk drives, multi—giga networks
and underwater communications.
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ComSto

Commumcations & Stsrage Lt

Communications & Storage Laboratory

We are & research group headed by Prof. laeioun Moon
i the EE Dept a2 KAIST. We do research related to communication

inforrnaton over o types of physical media i

ComSto s interests cover a broad spectrum of disciplines
ranging from mathematical theory to low—complexity
FPGA/VLSI architecture solutions, all with applications to
communication and storage in mind.

Wireless Channels

A major trend in wireless systems is to make the cell size
smaller and smaller, as reducing cell size is the single most
important way of increasing capacity. As cells shrink, though,
an increasingly large portion of the users in a cell will
experience interference coming

from neighboring cells. The 4 Iy
interference, rather than a lack of 4 4 4
signal-to—noise ratio, is rapidly 424

: 4
becoming the performance- - =~ =

Increasingly strong intarference from adjacent cels
A user ot point A, athough in ©
interfering signals from other cells

bottleneck in advanced wireless
systems.

Interference tends to be highly structured since it is a signal
(albeit someone else s signal and thus is of no use to the user
in question) rather than random noise, One way to cope with
this situation is to try to understand or estimate the structure
of the interference and then design the signals and the signal
processors accordingly. In fact, this line of thinking has
started a paradigm-—shift on how we do research in
information theory, communication theory and signal
processing theory, New intriguing techniques are emerging
such as “interference alignment”. Old ideas are being
rediscovered like “dirty paper coding” that had been forgotten
for more than 20 years, until people have started to realize
the best strategy to write on a dirty paper knowing where the
dirty spots are is closely related to many problems in
communication including sending/storing information while
knowing characteristics of interference.

Our own current efforts along this direction are on
channel estimation and equalization for interference—limited



MIMO wireless channels. In particular, we are developing joint
channel estimation and detection/decoding strategy based on
optimal estimation theory expanded to handle iterative
processing of soft decisions.

: Storage Channels

Data storage is strategically important in today s
economy; it is deeply ingrained in Internet—commerce,
banking, computer, communication, and consumer
application activities. The demand for storage space will

continue to grow with the explosion of digital data and
multimedia contents thanks to the advent of computers,
communication networks and consumer electronic devices.

Advanced coding and signal processing are a key technology
that can make next generation ultra—high—density and ultra—
high-speed storage possible. The storage drive s signal
processing system—on—chip (SoC) represents an extremely high—
volume, high—value market that is mainly technology—driven.
High—-value SoC developments have been largely absent in
Korean high—tech industry, and the SoC development exploiting
advanced coding and signal processing for non—volatile storage
presents a great strategic opportunity for Korea s
semiconductor industry.

As packing density increases in storage, nearby data cells
interact with one another creating mutual interference, In this
case, efficient 2—dimensional equalization becomes critical in
recovering data error—free. Error—correction coding geared to
specific error patterns that
are known to dominate the
sector failure rate is also a i
fruitful research area that we _ﬂ
are currently pursuing, which
falls under the general
subject of coding in the [le meme mee o e soventete o ine
presence of known channel |ouedas, = o shannons cessical fasdback
characteristics.

Our lab is also at the forefront in developing ways to resolve
some of the fundamental issues that plague reliable writing and
reading in Flash—based memory such as solid—state drives
(SSDs). SSD has many advantages over traditional hard disk
drives (HDDs), including low power consumption and fast
reading. A major issue in SSDs, however, is the slow writing or
programming speed. The main reason for slow writing is that in
an effort to prevent an overshoot in the written charge level in
a given cell (once overshoot occurs, the whole block of cells
must be erased and the rewriting must start all over again in
the current Flash memory systems), a painfully slow process of
incrementally increasing the applied charge level from some low
value until a desired level is seen is universally adopted.

Our approach to fundamentally resolve this issue is to allow
overshoots, as they occur during fast one—shot pulse writing,
and then rely on error correction coding to correct the overshoot

errors. What is unique in our method is that since we know
where the overshoots have occurred coding can take advantage
of this information. Interestingly, modeling this phenomenon
using communication—type channel modeling gives rise to a
model that is closely related to the classical feedback
communication channel originally discussed by Shannon some
50 years ago

 Wireline Channels

Wireline channels such as 100 Gigabit Ethernet cables and
high—speed chip—to—chip buses also suffer from increasingly
severe interference. In modern computers data buses that
connect chips to chips or to memories run at speeds well in
excess of tens of giga—bits per second in each link, As hundreds
of connecting lines often run together, interference among them
is a serious issue. Also, serially running symbols within a given
line overlap with one another as demands exist to push as many
bits as possible through each line. This gives rise to a severe
form of intersymbol interference.

As the cost, power consumption and processing speed
constraints are extremely stringent, intelligent signal processing
needs be constructed based on the algorithm—architecture co—
design philosophy, wherein VLSI-friendly algorithms and
algorithm—aware architecture solutions are jointly pursued to
achieve the best performance—complexity tradeoffs in the
resulting VLSI design.

As an effort in this direction, our lab has developed a
modulation/equalization
scheme that combines
decision feedback equaliza
—tion with partial response
signaling, a powerful combina
—tion that is well suited for
implementation in high-
speed mixed analog/digital
circuits,

Bus/Channel Layout

SE(iil-l Link Layout

Parallel Bus Layout

Modern datz buses on 2 motherboard suffer from
severe Interference from nelghboring Interconnect
lines as well as from other symbols within the same
line [source: Rambus]

For publications and background on Prof. Jae Moon and the
ComSto Lab, visit http://comstolab.kaist.ac.kr.

If you wish to talk to Prof. Jae Moon, call 042-350—3487 or
send email to jaemoon@ee kaist.ac.kr; he is always happy to
talk to any students on any topics.
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Experience@Singapore

Career opportunities for electronics engineers

Introduction:

Experience@Singapore are visit programs organized by Contact Singapore throughout the year
and are open to undergraduate and graduate students from selected prestigious universitiesgg
across the world. The program grants the participants unparalleled exposure to Singapore as

ideal place to work, live and play.

1. Get to know Singapore

It was a great pleasure to participate in the
Experience@Singapore program from 26 to 31 July this
year with selected Korean and Chinese students.
Singapore, to many of us, might have always been a
green garden city well-known for finance, tourism and
education. But it is more than that. With a highly
educated population, the technology industry has long
been at the heart of the Singapore s economic growth
strategy as Economic Development Board (EDB) staffs
introduced to us. During the 5—day trip, we visited many
famous companies and learned about various industrial
fields in Singapore, including energy, semiconductor,
biomedical science and clean technologies. It was truly an
eye—opening experience.

During our bus rides, I noticed that it is really a well—-
planned city. Although Singapore is small in size, I felt it
is the most spacious city I ve ever seen. There was not a
single area without greeneries around it. There are
always parks and schools near residential areas.
Companies are categorized into different industrial
complexes where they can share information and
materials with ease. One example of the complexes is the
Jurong Island, which is the home of more than 90
leading petroleum, petrochemicals, specialty chemicals
and manufacturing companies from all over the world.
Everyone felt extremely lucky to visit SHELL with a
special pass since it would not be possible for an ordinary
tourist to enter this highly secured island.

2. Career opportunities

Currently, Singapore is looking for electronics
engineers skilled in IC design, media engineering and
wafer fabrication engineering. Therefore, we visited
MediaTek, Qualcomm and TECH Semiconductor on the
third day of the program.

MediaTek is one of the world s leading companies in
fabless IC Design. The labs in MediaTek had no much
difference from the EE labs in KAIST. But you would
suddenly find the atmosphere of an R&D center when
seeing all those professional engineers with confidence as

o 2B

well as CMOS circuits and electric waveforms on the
whiteboards beside engineers desks. Qualcomm, the
world s largest fabless semiconductor company, opened
its first test development center out of US in Singapore.
In Qualcomm, senior engineers showed us the procedures
of design verification and failure analysis for Qualcomm’
s new products and designs. TECH semiconductor was
our final destination on the electronics day. It was
exciting to walk into the clean, dust—free wafer fab to
have a close look at the semiconductor wafer fabrication
facilities. It was really cool to put on a special uniform
and be placed in a science fiction movie scene.

Electronics industry in Singapore was very attractive
to many of us because of its mature semiconductor value
chain from circuits design to manufactory and package
which are established in the past 40 years and well
performed as one of the most profitable industries with
S$73 billion contribution to the economic growth in
Singapore (2007).

3. Working environment

In addition, Singapore has an open and flexible work
pass system as well as low personal taxation rates which
would be nice for people seeking a career. Singapore
itself has a multicultural environment as Chinese,
Malayans, Indians and other ethnic groups living
together harmoniously. In companies, you will see the
mature collaborations among people with different
cultural backgrounds. At dinner time, you always have
unlimited choices for different kinds of food.

As an engineer, if you are looking for a working place
with dynamic industry, advanced employment system
and multi—cultural society, you probably could take
Singapore into consideration.

For more information, please refer to the website:
www.contactsingpore.sg.

Reporter Ling Liu / smartlinn@kaist,ac kr
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BeSang's 3D IC Technology

- Conventional CMOS tools & processing
- MNovel combination of existing + some unique technologies
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