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RF opportunities bec

By S.N. Padmanabhan
Sr. VP, Semiconductors
MindTree Consulting Ltd

Today is the era of mobility.
People would like to have ac-
cess to data, content—what-
ever, whenever and wherever
they are. Home entertainment
and connectivity are becoming
pervasive in India. Tremendous
advances in the RF and wireless
areas have enabled such appli-
cations at an a ordable cost.

Opportunities

There is no domain that is not
touched by RF technologies. A
couple of decades ago, RF was
primarily developed for defence
needs. But all of them have en-
tered the commercial and con-
sumer worlds today. However,
some domains have adopted

S.N. Padmanabhan: The

industry needs to create op-
portunities in the RF domain
for engineersto look atitas a
viable career option.

RF/wireless technologies better
than others.

The eld of medicine has been
slow to adopt RF technologies
but the future looks di erent. The
ageing population (60 years and
above) is likely to touch 21 per
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cent of the total population by
2050. This might lead to a “medi-
cal divide.” Traditional methods
are unlikely to bridge this divide
and advanced wireless tech-
nologies are poised to create a
change. Healthcare is undergoing
rapid changes with implantable
ICs and sensors, broadband wire-
less, telemedicine applications
and automated drug delivery
systems that can be remotely
controlled.

The automotive segment is
rapidly adopting RF technologies.
Navigation systems with GPS are
beginning to appear in India as
well. Technologies like Bluetooth
play a crucial role in the infotain-
ment segment. Radar detectors
have been there for quite some
time and newer applications of
radar are emerging. Vehicle-to-
vehicle-to-road communication
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While suppliers of digital signal
processors (DSPs) and program-
mable logic devices (PLDs), such
as eld programmable gate
arrays (FPGAs), may di er over
which device type is pre-eminent
for new wireless system designs,
what the customer is actu-
ally implementing is important.
Designers are applying a mix
of both PLDs and DSPs to meet
market demand. This “intelligent
partitioning” between device
types provides wireless systems
with the best combination of fea-

tures and cost-e ectiveness. In
addition to meeting the design
speci cations, applying a mix of
DSPs and FPGAs brings a mea-
sure of future-proo ng as well
as the potential for risk-free cost
reduction.

Wireless operators are looking
to increase their Average Rev-
enue per User (ARPU) by o ering
enhanced data services. This is
driving the need for higher band-
width and consequently higher
data rates. The need to o er the
subscriber arich user experience is
transforming the underlying net-
work architecture as well. Voice-

continued on page 4P

technologies are emerging and
are primarily wireless. Automated
toll collection is another area
where RF has made inroads in a
big way.

Ahuge explosion in consumer
electronics in India is definitely
a factor that contributes to the
growth of the RF market. Mobile
phones are set for higher growth.
The cable TV market is exploding
giving rise to rapid growth in the
tuner market. Direct-to-Home
(DTH) and satellite TV segments
are also growing with multiple
providers pitching in.

Withreducing tari sfor broad-
band service and penetration of
multiple computing devices at
home, wireless technologies have
become common within homes.
WiMax is gaining in popular-
ity and technologies like UWB,
MIMO, Zigbee and SDR are ac-

continued on page 3P
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tively being pursued, especially
by design services companies.
Security concerns have in-
creased throughout the country
as well as worldwide. Threat
detection, counter threat tech-
niques and response to man-
made or natural disasters us-
ing microwave technologies
is gaining importance. Passive
imaging, radar, ultra wide band
sensors, etc., promise a variety
of applications to make life safer
in general.

Challenges

RF technologies are not easy
to implement and require spe-
cialised skill and knowledge. We
have a shortage skilled people
in the country. Perhaps just a
few public sector companies
and a handful of research insti-
tutes have some capability in
handling RF designs. Most engi-
neers, who opt for hardware as
their career, seldom look at RF as

digital technologies catch their
fancy.

We can achieve substantial
cost reductions if the RF oppor-
tunities are tapped, designed
and manufactured in India. But
we primarily rely on imports in
one form or the other due to the
lack of specialised manpower.
RF design services sector has
not taken o here in the country
and it is high time this sector is
encouraged in some way.

The other challenge is the
cost involved towards invest-
ments in equipment, tools,
software and infrastructure
needed to design and test RF
systems/subsystems. Creating
common infrastructure that
can be shared for a nominal fee
is possibly one of the ways to
overcome this di culty.

One other shortfall that RF/
wireless technologies have is
the vulnerability to attacks from
hackers, outlaws and terrorists.
Special e ort towards security

against such things will have to
be made.

RF is the fundamental tech-
nology that enables mobility.
More diverse domains are adopt-
ing RF rapidly. We have a severe
shortage of skilled people even
to partly meet existing demand
in the country. The electronic
industry along with government
bodies and research institutes
will have to look at the long-term
means of promoting RF capabili-
ties in the country. The industry
needs to create more opportuni-
ties in the RF domain in order for
[budding] engineers to look at it
as a viable career option rather
than a niche, highly specialized
skill with limited opportunities.
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bandwidth. Additionally, sev-
eral advanced signal process-
ing techniques such as Turbo
coding/decoding and front-
end functions including fast
Fourier transform/inverse
fast Fourier transform (FFT/
IFFT), beam-forming, MIMO,
crest factor reduction (CFR),
and digital pre-distortion
(DPD) are computationally
intensive and require several
billion multiply and accumu-
late (MAC) operations per
second.
Flexibility: WIMAX is being
deployed worldwide. Simi-
larly 3GPP LTE is being de-
ned and is going through
numerous revisions as it
reaches nalisation. There
are many competing “mo-
bile broadband technolo-
gies,” such as WiMAX, WiBro,
LTE and UMB, with the com-
mon thread across all of
these being OFDMA-MIMO.
Under this scenario, having
exibility and re-program-
mability in the end product
is necessary to provide a
standards-agnostic or multi-
protocol base station. Sys-
tems o ering this exibility
can signi cantly reduce the
CAPEX and OPEX costs for
wireless infrastructure OEMs
and operators while alleviat-
ing risks posed by constantly
evolving standards.
Cost-reduction path: A valu-
able lesson learned from
designing and deploying 3G
systems is the importance
of establishing a long-term
cost-reduction strategy in
the beginning. Evolving
WIMAX and LTE standards
are expected to stabilise.
This will likely lead to a
situation where cost of the
nal product will be more
important than exibility for
OEMs and service providers
to remain competitive in
the marketplace. Choosing
the right hardware platform
that also provides a seam-

less cost-reduction path for
production volumes will
save millions of dollars in en-
gineering costs that would
otherwise be incurred by
system re-design.

System architecture

Signal-processing data path
and control operations make
up the bulk of the processing
load in a wireless base station.
Most architectures implement
the system control, con gura-
tion and the signal-processing
data path using a combina-
tion of microcontrollers, FPGAs

cessing bene ts. The combina-
tion of DSPs and FPGAs ensures
complete system exibility and
0 ers reprogrammability to X
bugs or even support entirely
di erent standards.

The partitioning between
FPGAs and DSPs depends on
processing requirements, system
bandwidth as well as system
con guration, and the number
of transmit and receive anten-
nas. Figure 1 shows a typical
DSP/FPGA partitioning for the
base band physical layer (PHY)
functions in an OFDMA-based
system such as WiMAX or LTE.
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Figure 2: Advanced FPGAs have 112 DSP blocks with 896 18 x 18 multipliers
that o era throughput of nearly 500GMACs.

and programmable DSPs. The
MCU controls the system, while
the FPGA and DSP handle the
data- ow processing. Systems
with light processing demands
and control-oriented tasks are
implemented in software on
a DSP; heavier loads are best
implemented in FPGAs that
provide signi cant parallel pro-
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By incorporating advanced
multiple antenna technologies,
the throughput o ered by such
systems is expected to be over
100Mps. The base band PHY
functionality can be broadly cat-
egorised into bit-level process-
ing and symbol-level process-
ing functions. Following is an
overview of these functions and

how FPGAs are used to comple-
ment DSPs for implementing
both bit-level and symbol-level
functions.

Bit-level processing
Bit-level blocks include ran-
domisation, forward  error
correction (FEC), interleaving,
and mapping to quadrature
phase shift keying (QPSK) and
quadrature amplitude modula-
tion (QAM) functions on the
transmit side. The correspond-
ing receive processing bit-level
blocks are symbol de-mapping,
de-interleaving, FEC decod-
ing, and de-randomisation.
Transmit bit-level functions are
relatively straightforward and
not computationally intensive.
For example, randomisation
involves modulo-2 addition of
the data bits with the output of
a simple pseudo-random binary
sequence generator. Although
FPGAs o er more exibility for
bit-level manipulations than
DSPs with xed bus widths, the
low computational complexity
allows such functions to be eas-
ily implemented on DSPs.
However with growing
throughput requirements, Turbo
encoding could potentially be
0 -loaded to FPGAs to increase
the system performance. On the
receive side, FEC decoding—in-
cluding Viterbi decoding, Turbo
convolutional decoding, Turbo
product decoding, and LDPC
decoding—is computation-
ally intensive and consumes
significant bandwidth when
implemented on DSPs. FPGAs
are widely used to o  oad these
functions and free up band-
width on DSPs to perform other
functions. Implementing other
bit-level functions such as de-
randomisation on the same
FPGA minimises the data transfer
between the FPGA and DSP
leading to reduced latency and
power consumption in the over-
all system. The same FPGA can
also be used to interface to the
MAC layer as well as implement
continued on page 7P
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and forth between peer-to-peer
and infrastructure modes and
support of three transmission
options (direct-sequence spread
spectrum (DSSS), frequency-
hopping spread spectrum (FHSS)
and di used infrared).

The Physical Medium Depen-
dent (PMD) sub-layer de nesthe
method for transmitting and
receiving data through the wire-
less medium. The Physical Layer
Convergence Procedure (PLCP)
sub-layer maps MAC protocol
data units (PDUs) to PHY PDUs
and “listens” to the medium to
determine when the data can be
sent. Complementary code key-
ing (CCK), orthogonal frequency
division multiplexing (OFDM)
and multi-level pulse position
modulation (PPM) are some of
the modulation schemes used

in the 802.11 standard. The MAC
layer is a set of protocols that
maintains order in this regard
by incorporating a carrier-sense
multiple-access with collision
avoidance (CSMA/CA) method.
Although CSMA/CA dramatically
reduces the potential for colli-
sions, it does not eliminate them.
The CSMA/CA method also can-
not solve the hidden node prob-
lem, which is the result of stations

being out-of-range of each other
without knowing the presence of
certain other nodes. The 802.11
standard provides an option to
deal with this. It's called “virtual
carrier sensing” or the request-
to-send/clear-to-send (RTS/CTS)
protocol. Whenever a packet is
to be transmitted, the transmit-
ting node rst sends out a short
RTS packet containing informa-
tion on the packet length. If the

Figure 1. An AP acts as an interface between wireless and wired networks.

receiving node hears the RTS, it
responds with ashort CTS packet.
After this, the transmitting node
sends the actual packet. When
this is received successfully, as
determined by cyclic redundancy
check (CRC), the receiving node
transmits an acknowledgement
(ACK) packet.

Vis-a-vis such a distributed
coordination function (DCF), the
802.11 standard provides also
for an optional polling function
known as point coordination
function (PCF). With PCF, the
AP serves as the polling device
or point coordinator. It que-
ries each station to determine
whether the station needs to
transmit. Another means of
reducing collisions is fragmenta-
tion, which involves dividing the
data from one large frame into

continued on page 9»
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certain lower MAC functions
such as encryption/decryption
and authentication.

Symbol-level processing

Symbol-levelfunctionsin OFDMA
systems include functions such
as sub-channelisation and de-
subchannelisation, FFT/IFFT,
channel estimation/equalisation
and ranging/RACH detection
functions. Additional functions
include DFT/IDFT (LTE speci c)
and potentially crest factor re-
duction (CFR) if implemented
on the channel card. Channel
estimation and equalisation can
be performed o ine and involve
more  control-oriented  algo-
rithms that are better suited for
DSPs. Conversely, FFT/IFFT and
DFT/IDFT functions are regular
data path functions involving
complex multiplications at very
high speeds and are better
suited for implementation on
FPGAs. Functions such as RACH
detection and CFR also require
high performance, low latency
FFT/IFFT. Figure 2 shows the em-

bedded DSP blocks contained in
Altera’s Stratix lll FPGA. DSPs usu-
ally have up to eight dedicated
multipliers. However, advanced
FPGAs have 112 DSP blocks with
896 18 x 18 multipliers that o er
a throughput of nearly 500 giga
multiply-accumulate operations
(GMACs). This is an order of mag-
nitude higher than current DSPs.

Such a massive difference
in signal processing capability
between FPGAs and DSPs is fur-
ther accentuated when dealing
with base stations employing
advanced, multiple antenna
techniques such as space-time
coding (STC), beam-forming,
and MIMO schemes. The combi-
nation of OFDM-MIMO is widely
regarded as a key enabler of
higher data rates in current and
future WiMAX and LTE wireless
systems. Figure 1 shows multiple
transmit and receive antennas
employed at a base station. In
this station, symbol processing
functions are implemented
separately for each antenna
stream before MIMO decod-
ing is performed, producing a

7  EETimes-ndia | September 2007 | www.eetindia.com

single bit-level data stream. The
symbol-level complexity grows
linearly when the antennas
implemented on DSPs perform
operations in a serial manner.
For example, when two transmit
and two receive antennas are
used, the FFT and IFFT functions
consume approximately 60 per
cent of a 1GHz DSP when the
transform size is assumed to
be 2048 points. In contrast, a
multiple antenna-based imple-
mentation scales very e ciently
whenimplemented with FPGAs.
FPGAs provide parallel process-
ing and time multiplexing be-
tween the data from multiple
antennas. The same 2x2-antenna
FFT/IFFT con guration can be
implemented using less than ten
per cent of a Stratix Ill EP3SE110
FPGA.

Multiple antenna schemes
provide various bene ts includ-
ing higher data rates, array gain,
diversity gain, and co-chan-
nel interference suppression.
Beam-forming and spatial mul-
tiplexing MIMO techniques are
also computationally intensive,

involving matrix decompositions
and multiplications. Speci cally,
Cholesky decomposition, QR
decomposition, and singular
value decomposition functions
are useful in solving the linear set
of equations common in these
systems. While these functions
quickly exhaust DSP capabilities,
they are well suited for FPGAs
using well-known systolic array
architectures that provide a more
cost-e ective solution by exploit-
ing FPGA parallelism.

The full article online de-
scribes about digital IF process-
ing, which extends the scope of
digital signal processing beyond
the base band domain to the
antenna.

Read full story
Online 0=

Multi-antenna signal processing for
mobile WiMAX

Testing MIMO: New techniques for new
technology

MIMO antenna systems boost wireless
WAN performance

Beceem takes HARQ to WiMAX
Qualcomm unveils UMB reference
design
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several smaller fragments. Upon
receiving all fragments, the sta-
tion reassembles them based on
their fragment numbers.

Enhanced capabilities

The 802.11 a/b/g WLAN technol-
ogy has mostly been aiding in
email and internet access. But that
scenario will change once prod-
ucts based on 802.11n, 802.11e
and 802.11r are implemented.
With enhanced speeds and se-
curity, these imminent standards
accommaodate not only a series of
multimedia applications on wire-
less but also address the mobility
aspect.

The 80211 standard provides
an optional Wired Equivalent Pri-
vacy (WEP) speci cation for data
encryption between wireless
devices to increase privacy and
prevent eavesdropping. The WEP
speci es an RC4 algorithm with
a 40bit key. Broadly, two levels
of security protection are pro-
vided—authentication to solve
the access control problem and
per-packet encryption to solve
the data privacy problem. The
802.11i standard provides a so-
phisticated encryption standard.
Advanced encryption standard
(AES)-based solutions make a
WLAN system more robust, al-
lowing it to coexist with WEP in
the same BSS. Many organisations
have also considered including
virtual private network (VPN)
technology or a combination of
SSL and authentication to a web
Proxy server.

Quiality of service
Since in DCF mode all the STAs in
one BSS compete for the resources
and channel with the same pri-
orities, there is no di erentiation
mechanism to guarantee band-
width, packet delay and jitter for
high-priority STAs or multimedia
ows. The PCF mode does notyield
a good Quality-of-Service (QoS)
performance. This is primarily due
to wastage of channel bandwidth
for central polling and unpredict-
able beacon delays.

SR 802.11 802.11a 802.11b 802.11g
Standard approved July 1997 September 1999 September 1999 2002
Available bandwidth 83.5MHz 300MHz 83.5MHz 83.5MHz
Unlicensed frequencies | 2.4-2.4835 5.150-5.350 5.725-5.825 | 2.4-2.4835 24-24835
of operation(GHz)
Number of non-over- 3(indooror | 4indoor UNII1 3 (indoor or outdoor) | 3 (indoor or outdoor)
lapping channels outdoor) 4 indoor/outdoor UNII2

4 outdoor UNII3
Modulation OFDM CCK OFDM/CCK
Data rate per channel 2,1Mbps 54,48,36,24,18, 54,48,36,24,18,12,9,6,

12,9,6Mbps 5.5, 6Mbps

Roorkee, December 2005

Figure 2: Comparison of IEEE 802.11 a/b/g with reference to available bandwidth, modulation schemes, etc.

The 802.11e standard has
de nedanew coordination func-
tion called hybrid coordination
function (HCF). The HCF provides
access to the channel by grant-
ing transmission opportunities
(TXOPs) to the STAs. A starting
time and a defined maximum
length characterise each TXOP.
An STA acquires TXOP through
one of two access mechanisms
speci ed by HCF; HCF-controlled
channel access (HCCA) or en-
hanced distributed channel ac-
cess (EDCA).

The contention-based nature
and binary exponential back-
off mechanism of the EDCA
scheme do not makeite ective
for supporting delay-sensitive
voice tra c. To overcome this
limitation, deterministic priority
access can be provided during
contention period (CP). There is
a second period called conten-
tion-free period (CFP)—this is
much used to accommodate
voice stations in the downlink
and uplink by polling.

The 802.11PHY and MAC layers
aremodi edintherecently devel-
oped 802.11n standard in such
a way that WLAN systems can
support much higher through-
put—at least 100Mbps. Higher
spectrale ciencyistargeted than
in the existing 802.11a/g systems.
Methods preclude approaches
that achieve higher throughput
merely by using more spectra,
such as the channel-bonding
method. The 802.11n systems are
expectedtoo erbetteroperating
distance and ensure robustness.
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Also, all products with 802.11n
provisioning are required to be
backward-compatible with 802.11
a/b/g.

3G-WLAN interworking

A standalone WLAN network
su ers from interference if large
coverage WLAN networks are es-
tablished. On the other hand, 3G
service is much more expensive.
Thus, WLAN-3G interworking can
bring in a sound trade-o . Loose
interworking is an IP-based inter-
working where the data from the
WLAN is routed through the in-
ternet or other IP-based network.
Intightinterworking, the WLAN is
directly integrated with the Serv-
ing GPRS Support Node (SGSN) of
the GPRS/3G network.

Although WLANs are intended
to provide for enterprise mobility,
there is no industry standard that
currently addresses the tracking
or management of mobile de-
vices in its management informa-
tion base (MIB). This seemingly
prohibits users from roaming be-
tween wireless APs. The biggest
challenge for users now is lack
of uni ed roaming. Users must
subscribe to individual wireless
ISPs in each area they frequent.
The 802.11r standard allows fast
hand-o from one base station
to another managed in a seam-
less manner.

In 2005, the Indian govern-
ment exempted indoor use of
low power wireless equipment
in 5GHz frequency band as well
as outdoor use of the 2.4GHz
band from licence requirement.

The 5GHz free indoor use lets
organisations deploy 802.11a-
based WLAN systems that support
athroughput up to 54Mbps. With
the 200MHz of available spectrum
within the lower part of 5GHz
U-NII band, 12 such systems can
operate simultaneously within a
50m circle with minimal degrada-
tion. The de-licensing of 2.4GHz
band has beensigni cantevenin
the context of new advancements
in Wi-Fi technology, especially the
dual mode handsets.

In India, WLAN has already
caught the imagination of users.
Chennai railway station, the Pra-
gati Maidan convention centres,
Indra Gandhi Airport [Delhi],
ITC/Taj hotels, Visweswaraiah
Technological University and
the Pune municipal corpora-
tions are examples of some early
adopters. The Jammu & Kashmir
Tourism Department has turned
the Dal Lake into a Wi-Fi hotspot.
Overabout 25 square kilometres,
Wi-Fi provides connectivity from
houseboats to a hub further
inland. This has made the lake
the world’s rst wireless hotspot
and encouraged replicating the
model in Tamil Nadu's Kodai
Lake, Andhra Pradesh’s Hus-
sain Sagar and Uttarakhand's
Nainital.

Read full story
Online
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Next-gen WLAN supports media-rich
apps

EMC facilitates wireless carrier link
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ADI engineer thrives on challenges

By Dipti Agarwal

and Pournamy G.P.

Abhijit Giri, senior sta engineer,
Analog Devices Inc. (ADI), be-
lieves that being conservative in
one’s commitment is good only
up to a certain extent. It's only
by being aggressive and stretch-
ing yourself that you can realise
your potential, according to Giri.

Giri enjoys technical chal-
lenges. “Usually unresolved
technical issues live in my head
at work, at home, round the
clock. But that does not stress
me; instead | feel stimulated,”
said Giri. And he should know
for he has one patentissued and
three awaiting approval.

In school, Giri chose a “pure
science” discipline for undergrad-
uate studies. “l was fascinated by
electricity in general and had a
strong interest in electronics as a
hobby. However, during the early
years | realised that my heart was
in applied science rather than
theoretical science,” said Giri.

After achieving a Bachelor of
Technology degree in electronics
from the Institute of Radiophysics
and Electronics, Giri completed
his post-graduate studies in
electrical communication engi-
neering from the Indian Institute
of Science (IISc), Bangalore.

Designing DSPs

Giri was working on DRAM de-
sign at Texas Instruments when
he decided to join the DSP de-
sign team at ADI's newly opened
development centre in 1996.
Except for short stints with other
products lines, Giri has mostly
contributed to the design and
development of SHARC DSPs. He
has worked in various aspects of
IC design, but he considers the
opportunity to enhance the
DSP core performance by a fac-
tor of 4-5 as the most signi cant
among them.

Giri holds a patent in the area
of computer architecture. “When
a datapath such as ALU or multi-
plier is pipelined, it is done with
the expectation that the overall
throughput of the relevant op-

erations will increase linearly
with depth of the pipeline,” he
explained. “Such pipelining is
generally necessary to increase
operating speed of processors.
However, certain sequences of
operations that require the result
of the datapath to be used im-
mediately in the next operation
do not show any improvement.
Accumulation, where the output
of adder is used as an operand
to the next addition over many
cycles, is one example. The in-

Abhijit Giri: Usually unresolved tech-
nical issues live in my head at work,
at home, round the clock.

novation proposed in the patent
addresses such iterative opera-
tions and provides approximately
linear gain in performance with
pipelining.”

He has also applied for a
patent related to a power-sav-
ing technique in the instruction
cache. Yet another patent ap-
plication is for achieving certain
algorithmic optimisation in
arithmetic logic. And a third ap-
plication is for a technique that
enables execution of the ISA
extension.

Having enhanced DSPs in vari-
ous ways, the most challenging
was development of third genera-
tion of SHARC DSPs, according to
Giri. “We had to design best-in-
class oating point datapath units
so that advantages of the deeper
pipelining were not diluted in real
application;”he recalled.

Giri de nes the project as a
case where he and his team chal-
lenged themselves beyond what
was needed at that point in time
to meet customer requirements.
“Because we knew that we had to
enable a path to higher perfor-
mance for some years to come,

10 EETimes-India | September 2007 | www.eetindia.com

we drove development of a new
generation,” said Giri.

“As we were redesigning the
core, the chance of introduc-
ing bugs was ominous. The
veri cation had to be extensive.
The main problem was that
most engineers thought design
was “cool” but veri cation was
not,” he said. To motivate the
team, Giri was instrumental in
introducing rewards and public
recognition for spotting bugs.

Giri, who has been associated
with the IC industry for 14 years,
seesasigni cantshiftin the pro-
cessor area with the introduction
of multiple cores and addition of
signi cant hardware accelera-
tor modules. “This shift a ects
the development tools. Along
with this architectural shift, in-
troduction of other low-power
implementation techniques,
such as sleep transistors are key
innovations,” he added. He feels
the stress on power-efficient
architectures and low-power
implementation techniques will
continue.

Inspiring engineers

Giri occasionally lectures students
at educational institutes. He
believes most jobs o er a good
opportunity to learn and feels
that engineers should strive to
maximise learning with every job
they are assigned. Most engineers
who have achieved a certain level
of success have remained with or-
ganisations for relatively long time,
according to Giri. He believes this
is vital for acquiring depth in any
chosen eld.

“Gone are those days when
bright young engineers had
to leave country for challeng-
es worthy of their calibre,” he
said. “As a community we have
earned enough credibility that
world-class work now routinely
comes our way. It is up to us to
take the challenge.”
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HP researcher in power struggle

Events

National Workshop on
Power Management

Sep. 6-7, 2007

IIT Mumbai campus, Mumbai
NWPE-2007 will host technical ses-
sions planned as tutorials. Experts
from industry and academia will
provide perspectives on aspects
of power electronics and related
areas.

Click here for more information.

ELCOMP India 2007

Sep. 12-14

Hall-7, Pragati Maidan, New Delhi
Companies will showcase electron-
ic components, subsystems as well
as equipment and machines used
in the manufacturing of electronic
components, assemblies and prod-
ucts. The conference will address
the theme, “Electronic Manufactur-
ing—Destination India’

To register as a visitor, click here.

Solar Tech India 2007

Sep. 12-14

Pragati Maidan, New Delhi

Exhibits include photo voltaic
products and production equip-
ment, solar battery power supply
products and equipment, build-
ing integration products, and new
materials and technologies.

The conference will highlight re-
search, design, standardisation
and demonstration of currentand
emerging solar technologies.

For more information, click here.

Embedded Systems

Conference India

October 4-6, 2007

NIMHANS Convention Centre, Banga-
lore

The conference programme topics
include Debugging, Veri cation
and Test, DSP Algorithm Design
Hardware Design, Linux, Multi-
core, Real-time Development,
Software Development,and Wired
Communications. The exhibition
will display technology from lead-
ing global companies.

Click here to register.

CDNLive! India 2007
October 11-12, 2007

The Leela Palace, Bangalore

A Cadence customer-driven tech-
nical event that includes user-pre-
sented technical papers, demos
and products, and keynote pres-
entations by industry executives.
Attend to learn more about logic
design, veri cation, implementa-
tion, package design and PCB de-
sign. Email rmadhavi@cadence.

com for more information.
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